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Abstract

Standard control charts are often seriously in error when the distributional form of the observations
differs from normality. Recently, control charts have been developed for larger parametric families. A
third possibility is to apply a suitable (modified version of a) nonparametric control chart. This paper
deals with the question when to switch from the control chart based on normality to a parametric control
chart, or even to a nonparametric one. This model selection problem is solved by using the estimated
model error as yardstick. It is shown that the new combined control chart asymptotically behaves
as each of the specific control charts in their own domain. Simulations exhibit that the combined
control chart performs very well under a great variety of distributions and hence it is recommended
as an omnibus control chart, nicely adapted to the distribution at hand. The combined control chart is
illustrated by an application on real data. The new modified nonparametric control chartis an attractive
alternative and can be recommended as well.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Classical control charts for monitoring the mean of a production process are based on the
assumption that the observations are normally distributed. This assumption is in practice
not always fulfilled and the control chart often is seriously in error when the distributional
form of the observations differs from normality, see €gan et al. (1988Pappanastos and
Adams (1996)Albers et al. (2002, 2004An obvious solution to the problem is to assume
a larger parametric model, containing normality as a submodel, and to produce a control
chart in this new setting. This step has been maddhers et al. (2002, 2004here the
merits of such an approach are comprehensively discussed.

It is clear that as long as we are (very) close to normality, the control chart based on
normality is preferable. The first reason is that in that case the performance of this control
chart is better, since it is matched to normality of the observations. The second reason is
that the normal control chart is easier and more familiar and hence people prefer this chart
as long as possible.

However, for distributions farther away from normality, but still close to the larger para-
metric family, the best choice is the parametric control chart. In that case we should no
longer stick to the normal control chart, but move towards the parametric chart.

Of course, there also are distributions so far outside the larger parametric family that the
parametric control chart is not satisfactory either and a nonparametric approach should be
applied. One may ask why not always apply a nonparametric control chart or a parametric
control chart in a very large parametric family. The point is that there are two types of error:
the model error (due to the distance between the true distribution and the most suitable
distribution in the supposed model) and the stochastic error (caused by estimating parameters
or, in the nonparametric case, an extreme quantile). The larger the parametric model, the
smaller the model error (with a vanishing model error in the nonparametric control chart),
but the larger the stochastic error. For instance, estimating the 0.999-quantile with 100
observations makes no sense in a nonparametric setting.

The theme of this paper is how to choose between the three control charts: the normal
control chart, the parametric control chart as developed for the normal power family, cf.
Albers et al. (2004and the nonparametric control chart,Albers and Kallenberg (2004c)

The idea is to let the data tell what control chart to use.

Afirstidea might be to execute a (standard) goodness of fit test to investigate normality. If
normality is not rejected, use the normal control chart. If we do reject, apply a goodness of
fit test for the normal power family. Again, when not rejecting, apply the parametric control
chart and otherwise use the nonparametric control chart (if this makes sense).

Although this way of thinking looks attractive, it has a serious drawback. Standard good-
ness of fit tests are looking at the majority of the data, and as such concentrate on the middle
of the distribution, while here we are not interested in this middle part, but in the (extreme)
tail. Therefore, standard goodness of fit tests are not appropriate for the situation at hand.
For the same reason, less formal methods like “a good look at the data” or “an inspection
of a histogram” are completely insufficient to judge the possible normality in the far tail.

The choice between the three control charts can be seen as a model selection problem.
Again, we cannot use standard selection rules, since the common selection rules are intended
for the bulk of the data and not for the extreme tail. The motivation to switch from the
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