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On the base of this experiment we have created a regression model and investigated it.
Our model turned out to be a ten-dimensional hyperbolic paraboloid. 
Here are some results of the interpretation of the resulting model.
The figures 1, 2 show the cross section for clean and mixed distributions with the 
following levels of PF:
red – PF = 0, orange – PF = 0,5, green – PF = 1.

This paper is a natural continuation of our last year presentation where we started to 
discuss an extended notion of special causes of variability and their impact on the 
construction and interpretation of Shewhart control charts.
Here we analyze the performance of a very simple chart for averages under 
conditions when special causes change not only the parameters of the underlying 
distribution but its type as well.
Assumptions:
Before the intervention of a special cause the data are identically, independently and 
normally distributed with M(X) = 0 and σ = 1.
At the unknown moment of time the data distribution changes but we don’t know 
how it changed
As a response we study a power function (PF) – the probability of a point to fall 
beyond the three sigma limits of a chart.

Conclusions
1. Our results confirm the strong influence of the distribution type on the probability of
finding a special cause of variation – important aspect not considered in previous works.
2. The one-factor experiment used by statisticians for the analysis of Shewhart control 
chart behavior has the essential limits due to the narrow set up of a problem. 
3. When the saddle point belongs to the area of experimentation the mechanism of 
factor behavior is changing.
4. The central diagrams in figures 1,2 show that the normal law plays a role of 
somewhat average between two other (lognormal and uniform)) cases.
5. The gradient in the figure 1 is changing noticeably while moving from a lognormal
to a uniform distribution. This may be explained by the properties of the central parts 
of the distribution density considered in this work.
Suggestions
We think that it is necessary to make much more simulations with different 
combinations of parameters in order to deepen our discussion and interpretation 
and this will help us to widen the use of the Shewhart control charts in practice

An example of a special cause having lognormal distribution and its impact on 
the PF curve is shown below:

Axis for clean distributions :
X  - defines the number of subgroups k     Y  - defines standard deviation (s.d.) value

Z  - defines mean value
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We use DOE for planning our study in order to make this search more systemic 
than one-factor experiment used traditionally.
To this purpose we chose 9 factors responsible for different conditions of the 
intervention into the process.
We realized the regular fraction factorial plan of 2m3n with 36 runs,
including a simulation of 10 parallel realizations for each run.
X1, X2 and X3 are responsible for the composition of distribution pairs with equal 
weights: 
f(x) = 0,5*f1+0,5*f2, 
where f1, f2 – either uniform, normal or lognormal distribution density.
Pairs X5, X9 and X6, X7 are responsible  for  the  position of general average and 
variance, respectively.
Pair X3, X8 is responsible for the amount of data collected within subgroups and 
the number of subgroups used for PF calc’s.
An example of PF for a mixture of two lognormal distributions with general 
mean = 0,5 and general sigma = 3 is shown below.

The red point is the response in one of the runs of our experiment.

Power function for line № 31: 
f(x) = 0,5*f1 + 0,5*f2, where f1 and f2 - density for Lgaul(             ,          )
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Axis for mixed distributions :
X  - defines the s.d. Y  - defines mean

Z  - defines f(x) = 0,5*f1+0,5*f2, 
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