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Summary

Data that are collected for the production of official statistics or, more generally, for
statistical analyses nearly always contain measurement errors. National statistical
institutes, other statistical agencies and academic researchers have therefore devel-
oped methods to handle error-prone data. Two broad classes of approaches can be
distinguished: editing methods that aim to identify and correct individual errors in
the data and estimation methods that try to correct for measurement errors at the
analysis stage, without adjusting the data themselves. The aim of this thesis was
to contribute to the development of both approaches for dealing with measurement
errors, with a particular focus on their extension and application to large data sets
from administrative sources.

In particular, the following points have been addressed in this thesis. Firstly,
current methods for automatic data editing – based on the seminal work of Fellegi
and Holt (1976) – have limited practical applicability because they are based on
rather restrictive assumptions. In this thesis, two new methods for automatic edit-
ing have been developed that relax some of these assumptions. Secondly, we have
discussed the estimation of measurement error models with latent variables in an
official-statistics context. Here, often univariate descriptive statistics such as pop-
ulation totals and means are of interest. It was demonstrated how latent-variable
models could be used to assess the suitability of new data sources for official statis-
tics, to gain better insight into the accuracy of statistics and to improve the quality
of statistical output. Thirdly, an application at Statistics Netherlands was described
in which a measurement error model was used to compare the quality of data before
and after an automatic editing procedure.

Having given this brief overview, we now provide a more detailed summary
of the contents of this thesis. In total, five chapters of original research have been
presented in this thesis. Chapters 3–5 focussed on new methods for automatic
editing. Chapters 6 and 7 focussed on applications of measurement error models.

In Chapter 3, we looked at deductive correction methods for systematic errors.
Correcting systematic errors in a separate step at the beginning of a data editing
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process can improve the efficiency of data editing as well as the quality of the edited
data. This is true because, if a systematic error can be corrected accurately by a
deductive rule, it does not have to be treated later on by a human editor or a more
complex algorithm for automatic error localisation. This means that editors and
more complex algorithms can focus their attention on cases with more complicated
error structures, where their contribution is more likely to be worthwhile.

With the above aims in mind of improving efficiency and quality, we have
developed two new deductive methods for correcting two errors that are known
to occur in data of the so-called Structural Business Statistics (SBS) at Statistics
Netherlands: sign errors and rounding errors. Sign errors occur for variables in a
particular subsection of the questionnaire (the so-called profit-and-loss account),
while rounding errors can occur throughout the data. Both methods require an al-
gorithm that is more complex than a simple if-then rule, but they are still relatively
easy and cheap to implement. Theoretical properties of the algorithms were inves-
tigated. By way of illustration, both algorithms were applied to real data from the
Netherlands’ SBS of 2007. For these data, we found that the deductive method
for sign errors reduced the number of records with inconsistent profit-and-loss ac-
counts by about twenty per cent. We also found that, of all records that contained
inconsistencies with respect to the edit rules, about one in five contained at least
one rounding error. Moreover, by resolving these rounding errors, the number of
violated balance edit rules could be reduced by about thirteen per cent. These re-
sults show that these deductive methods can achieve a substantial reduction of the
amount of editing that remains to be done by editors or complex error localisation
algorithms.

Chapters 4 and 5 focussed on error localisation for random errors. Two gen-
eralisations of the Fellegi-Holt paradigm were proposed that aim to improve the
quality of automatically-edited data. Both generalisations address a different limi-
tation of the Fellegi-Holt paradigm.

The starting point for Chapter 4 was the idea that some of the systematic dif-
ferences that have been found between manual and automatic editing may be ex-
plained by the fact that human editors make use of soft edits as well as hard edits,
whereas the Fellegi-Holt paradigm for automatic editing assumes that only hard
edit rules occur. Under the Fellegi-Holt paradigm, existing soft edits have to be
either ignored or treated as hard edits during automatic error localisation. We pro-
posed a new formulation of the error localisation problem that can distinguish be-
tween hard and soft edit rules. The new approach involves solving a minimisation
problem that is a generalisation of the problem of Fellegi and Holt, with an ex-
tra term that measures the extent to which soft edit rules are violated. The new
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problem can be solved by an extension of the existing error localisation algorithm
of De Waal and Quere (2003). A simulation study was conducted with synthetic
data. For these data, it was found that the new error localisation approach achieved
better results than the Fellegi-Holt paradigm, both in terms of false positives (cor-
rect values that were identified as erroneous by the algorithm) and false negatives
(erroneous values that were identified as correct).

The Fellegi-Holt paradigm and the underlying model based on Naus et al.
(1972) tacitly assume that errors independently affect one variable at a time. By
contrast, human editors often make adjustments to the data that involve more than
one variable at a time. It is in fact likely that respondents often commit errors
that simultaneously affect several variables. In Chapter 5 we therefore introduced
a generalised error localisation problem in which the assumption is relaxed that
errors affect one variable at a time. This problem is based on a new minimisa-
tion criterion which involves the number of required edit operations rather than the
number of changed values. Here, each edit operation is a well-defined elementary
adjustment that can be made to a record to correct one particular error, which might
involve changing the values of one, two, or more variables simultaneously. We sug-
gested to choose these edit operations such that they mimic as closely as possible
the manual corrections made by editors. The Fellegi-Holt-based error localisation
problem is in fact a special case of the new problem, obtained by restricting the set
of admissible edit operations to one particular class (i.e., operations that impute a
new value for a single variable).

An algorithm was developed for solving the new error localisation problem.
This algorithm was used in a simulation study with synthetic data to compare the
new approach to Fellegi and Holt’s original error localisation problem. The results
of this study indicated that the new method can be used to achieve a significant im-
provement of the quality of automatically-edited data (again in terms of both false
negatives and false positives). This does require that all (or nearly all) appropriate
edit operations are included. Finding the appropriate edit operations for a given
application is not trivial; we provided some suggestions on how this might be done
in practice.

Turning to measurement error models, in Chapter 6 we used a structural equa-
tion model (SEM) to estimate the quality of administrative and survey data for
official statistics. It was shown how both the indicator validity and intercept bias
of administrative and survey variables can be estimated in this way. In particular,
the indicator validity can be used as a measure to decide whether the administra-
tive concept is sufficiently related to the true variable of interest to be of use. In
cases where the validity is high but significant intercept bias occurs, a correction
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formula can be derived from the SEM by predicting the true value of the variable of
interest from the observed value. To identify the model, we took a random subsam-
ple of our original observations and attempted to measure the true values for these
units (an audit sample). The inclusion of an audit sample was necessary for the
estimation of the true intercept bias and true correction formulas for the observed
variables, but not for the estimation of indicator validity.

The methodology was applied to real data at Statistics Netherlands to esti-
mate the validity and intercept bias of value-added tax (VAT) turnover for short-
term statistics (monthly or quarterly statistics on the development of the economy).
SEMs were fitted to linked data from three administrative sources (VAT, the Profit
Declaration Register and the General Business Register) and one survey (SBS).
Additional data for an audit sample were obtained by re-editing the survey data.
It was found that the target variable turnover was measured with indicator validity
close to 1 in all data sources. However, often the VAT data did suffer from substan-
tial intercept bias. For cases where intercept bias occurred, a correction formula
was derived from the SEM. We simulated an application of the estimated correction
formulas from the SEM to publication figures for the short-term statistics. As ex-
pected, it was found that the correction hardly affected the estimated annual growth
rates but it did have a substantial effect on the estimated annual turnover levels.

Finally, in Chapter 7 we used measurement error modelling to gain insight into
the quality of edited data. The indicator validity and bias of observed variables in
a data set of the Netherlands’ SBS before and after automatic editing were eval-
uated and compared. We analysed the data using two different models: an SEM
and a contamination model. The latter model seemed more appropriate for the
data at hand, but its current formulation does have some limitations that require
further development. In our application, the effect of automatic editing on data
quality in terms of validity and bias turned out to be very limited. In particular, the
models suggested that the data after editing still contained a substantial amount of
measurement error.
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