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ADJUSTING SCHOOL TEST SCORE PERFORMANCE FOR FAMILY BACKGROUND
AN EXPLANATORY NOTE

Background

Testing and focus on measurable cognitive outcomes has been a slowly growing feature of the
compulsory schooling years in Denmark. This follows mediocre performance in influential
comparative studies such as the OECD Programme for International Student Assessment
(PISA). Subsequently, school-wise mean performance in standard national tests taken at the
end of compulsory schooling have been published. Raw rankings of mean scores have been
used to construct school league tables which, when published annually, receive much popular
attention.

Motivation

Schools can only work with what homes send them. Pupils arrive at school with different
endowments, teachers educate with a view to the level and ambition appropriate to the class,
pupils and parents adjust their behaviour to make the most of the educational opportunities as
they see them. In the language of educational production, there are a large number of inputs
and behavioural responses leading to a variety of outputs. It is the aim of this study to
describe how the distribution of test scores can be explained with administrative register
information about the pupils. Specifically, we focus on one outcome (test scores) and a small
number of inputs (17 observed pupil characteristics together with school identity). The
objective is to describe school-level differences in test score outcomes that are adjusted for
selected observed family background characteristics.

Contribution

Previous work (AE 2005 and CEPOS 2006) used 2 or 3 years of scores and respectively tests
and teacher assessments or grade point averages as outcome variables. A modest set of family
background characteristics are controlled for in a first stage Ordinary Least Squares (OLS)
regression model, and respectively municipality and school effects are calculated from means
of these residuals. Concurrent to our study, Rangvid (in press) has extended these earlier
works by using 5 years of test score data and controls for a more complete set of family
background characteristics in a joint estimation of school effects. Our study is closest in spirit
to Rangvid in terms of the extensions we have made and the approach taken. Our focus is
more narrowly making inference about adjusted school performance but at the same time
focusing on the statistical precision of these individual estimates. Our two studies should be
regarded as complements rather than substitutes, as their contributions are different.

Identification

Even within the narrow scope of trying to explain test scores with a handful of observed child
characteristics, the inferences that we claim to make are limited in important ways. Everything
that we cannot observe in these 17 characteristics, but that varies between schools, will be
attributed to a so called "school effect". However, we only adjust school performance for these
selected characteristics. It is popular in the educational statistics literature to estimate school
effects in a "value added" framework. In that framework, ideally pupils are tested before a
certain intervention and then randomised into treatment and control groups for exposure to
the intervention and finally re-tested. In practice, randomisation is often not feasible and
observational data is used on test score differences for pupils who allocate themselves into
different groups. Though in principle observational is a much weaker design than experimental
because of self selection issues, both value added approaches have the benefit of controlling
for initial test performance. In the current context, for the sake of evaluation, ideally pupils
would be tested, randomised to schools, then re-tested. Neither do we have baseline testing or
randomization. Initial performance cannot be controlled for and parents allocate their children
to schools according to where they live and what they think is in the child's best interest. In
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this case, proper evaluation of the effect of schools on pupil performance is difficult, and
beyond the ambit of the current study. We estimate "school effects" only in a loose sense, with
no causal interpretation, but use this common terminology hereafter to refer to mean school
test scores adjusted for family characteristics.

Data description

During the analysis period (2002-6) we observe individual 9th grade test scores in Danish
(neatness, oral, written, spelling) and Mathematics (oral, written) on the old 13-point scale.
We retain all pupils with a valid score, valid institution identifier, the institution must be
"grundskole", valid personal demographic information (pupils with missing mother and/or
father information are kept) and each pupil must only take tests at a single institution in a
given year. This sample forms the basis of all subsequent analyses. Table 1 presents mean test
scores according to different realisations of 17 observed characteristics. Selected
characteristics throughout are dummy variables for gender, calendar year of taking test,
mother/father registered, household disposable (after taxes and benefits) income adjusted for
household size (deciles of the distribution in the test year), pupil age in months at test time,
number of brothers and sisters living in the household at test time, family residential structure
(living with lone father, etc), mother/father age at child's birth, place of birth, mother/father
education and labour market status at test time. The table contains simple conditional means
on the raw data and conforms entirely with prior beliefs about correlates of the test score
distribution. Note that pupils are retained with missing information for mother and/or father,
so parental education, labour market status, place of birth and age at child's birth are all
conditional on observing the parent in question.

Specification

There is a tradeoff to be made between statistical elegance and computational transparency.
From an efficiency perspective, as much of the available variance in the raw data should be
explained as possible. Taking student means or grade point averages throws away within-pupil
variation between-tests, but the variance that remains is easier to explain with observed
characteristics. Here we follow both approaches. Furthermore, strictly speaking test scores are
not continuous outcomes - 1, 2, 4 & 12 are unobtainable. Also they are ordinal but not
necessarily cardinal, for example 6 is obviously better than 3, but is it twice as good? Standard
statistical methods are available to deal with discontinuous ordinal dependent variables, but
they rely on additional assumptions and produce estimates which do not have a direct
interpretation. Furthermore, generalization to the present context of estimating school effects
is non-standard and inflexible. In view of this, we choose the econometrician’s workhorse OLS
estimator. Although this assumes for the sake of computation that 6 is twice as good as 3 and
grade 12 is hypothetically obtainable, grade point averages are common currency in popular
discussion of test performance, so they are assumptions commonly made. OLS generalises
easily to produce consistent estimates of school effects.

In all of the regressions mathematics is weighted equally with Danish so that both subjects
count equally in overall performance. Since only two mathematics scores are reported
throughout, but four Danish scores, each mathematics score gets a double weight so that
overall for a pupil taking all six tests, the importance of mathematics and Danish scores would
balance. Estimated population OLS coefficients are presented in table 2. There are three
groups of columns representing different estimations. The first two use test observations and
the last uses weighted average of scores per pupil. The first and the last group of columns
present coefficients estimated without taking into account school identity. It is then the school
mean residual (unexplained part) that forms an estimate of the school effect. The middle
group of columns presents population coefficients which are estimated jointly with account
being taken of school identity. Another difference between the middle and the outer groups of
columns is that only schools with 500 or more test scores are included in estimation of the
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middle. This is because the ultimate objective is to produce school adjustments and estimated
adjustment precision falls for smaller schools. This cut-off is arbitrary. Estimating the first and
the last groups of columns on this restricted sample did not change the population parameter
estimates significantly and so are not reported.

Important inferential issues arise regarding estimate precision. In the two step estimation,
population effects are estimated in a first stage and themselves have a variance which needs
to be accounted for in the second stage. In the joint estimation, observations are clustered at
the school-level and not taking into account this within-group correlation could overstate
precision. These issues are addressed by running 1000 bootstrap replications of the weighted
test score observations or student means as appropriate. It is the distribution of these
estimates from which confidence intervals for school effects (and for population parameters in
the jointly estimated model) are calculated.

Results

Estimated OLS coefficients are always to be interpreted "all else equal” i.e. the marginal effect
of the variable in question holding constant all other variables that are being controlled for in
the model. This extensive conditioning explains the big differences between simple conditional
means of table 1 and model estimates of table 2. The only difference in conditioning to be
aware of within table 2 is that the middle group of columns is jointly estimated with school
effects, so these population parameters are conditioned on those too. Estimates are entirely
conventional according to prior expectations and are precisely estimated. The estimated school
effects themselves and confidence intervals are only calculated for schools with more than 500
test score observations. These are presented elsewhere.

Discussion

Selected family background characteristics explain about 20% of population test score
variation. With 5 years of data and schools of moderate size, adjusted school effects are fairly
precisely estimated. Not all pupils take the test and not all schools report, though the
proportions are growing. Issues of selection into the test are ignored. Pupils change school
from time-to-time, yet school affiliation at test time is all that is accounted for. In other
contexts educational statisticians exploit school changers in order to distinguish pupil- from
school-effects. However, econometricians question using such choice-based changes for
identification. Nevertheless, accounting for school affiliation history is in principle possible, and
would better attribute effects of pupil's school careers, especially given the number of switches
between 8th and 9th grade.

What is the school effect comprised of? Everything that varies at the school level but is not
captured by our 17 explanatory variables. It remains for future work to analyse the
determinants of estimated adjusted school test performance. It is simple enough to run
auxiliary regressions explaining these between-school differences, but it is beyond the scope of
the current report.
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