Analysis of Individual Values (ANOX)

Suppose you have a dataset of individual values. Maybe you just finished a
pilot run for a new product. You would like to know if this set of data is
homogeneous — that there are no outliers. How do you do that? Many of us
would simply put the data on an individuals (XmR ) control chart. If the
control chart is in statistical control, then we assume that the data are
homogeneous. If there are out of control points on the XmR chart, then we
assume that the data are not homogeneous.

That is what | would have done until | read an article from 2017 by Dr. Donald Wheeler and James
Beagle Ill that described a new test for homogeneity. The problem with the XmR chart approach to
doing this is that the number of data points sets the alpha level, which is the risk of a false alarm. This is
different from “one-time” tests where you pick the risk of a false alarm. For example, in determining if
the means of two processes are the same, you might select an alpha = 0.05. You can’t pick the alpha
level with the XmR chart approach —it is set by the number of points used to set the control limits.

The publication described a new test for homogeneity. This test is called the Analysis of Individual
Values (ANOX) and is presented in this publication. In this issue:

e Example Data
e XmR Chart Approach

e Analysis of Individual Values (ANOX) Approach
e The Scaling Factors

e Summary
e SPC for Excel Version 6 is Coming!
e Quick Links

Example Data

Suppose you have just finished a 125-piece PPAP of a new product for a customer. A key characteristic
of the new product was measured on each of the 125 pieces. The data are shown below in Table 1.

You want to answer the question if the results are homogeneous. We will compare two approaches: the
XmR control and ANOX. The approach below is based on the original article on the Analysis of
Individual Values (ANOX), which was published by Quality Digest.

XmR Chart Approach

The first thing to realize is that using a XmR chart to determine if a dataset is homogenous is different
from using a XmR chart to monitor a process over time. The latter is the normal use of an individuals
control chart. If you are using a XmR chart to monitor a process over time, you collect baseline data.
This is typically 17 to 30 points for the XmR chart. You then calculate the average and control limits, and
if the process is in control, you set the average and control limits and monitor the process against them
into the future.

You collect another data point and compare it to the baseline to see if it is significantly different. This is
the sequential nature of using a control chart to monitor a process.
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105.4
100.8
102.0
94.5
94.8
102.3
67.2
101.2
108.9
105.5
83.1
97.8
110.9
108.1
96.8
117.7
1314
99.4
116.4
96.5
100.6
107.3
83.9
102.3
99.2

Table 1: Example Data

94.7
103.1
103.8

93.7

94.2
109.5
109.3
102.3
122.0
113.5

92.5
105.1
132.1
101.3
100.9
101.2
132.5
104.6

67.9
101.9

87.2

87.4
108.4

94.3

83.1

94.6
97.0
94.8
116.3
120.5
97.5
94.1
90.1
90.2
103.8
97.7
97.8
105.6
95.5
103.4
91.9
91.1
102.1
86.0
98.9
113.1
93.6
107.9
96.9
94.5

114.0
103.4
103.3
98.2
87.1
101.5
105.1
132.4
109.7
80.0
101.1
113.8
98.2
104.6
100.1
100.3
99.1
96.2
97.6
93.9
84.1
93.1
120.4
84.5
97.2

96.5
99.7
89.9
99.4
93.5
103.3
101.1
89.9
115.4
104.0
100.2
97.2
87.6
107.9
99.0
106.9
102.4
109.7
79.2
91.9
85.5
87.5
95.6
88.7
65.1

Each additional point represents a test of whether the point is a signal or not. With 3 sigma limits, the
probability of a false signal (alpha) is 0.0027 (based on the normal distribution). As shown below, this is
not the alpha associated with a one-time test when using the XmR chart to check for the homogeneity

of a dataset.

The data in the table above were analyzed using a XmR chart. The data is sequential by columns, i.e., the
first column represents the first 25 data points, the second column the next 25 data points, etc. Figure 1
shows the X chart for the data. The moving range chart is shown in Figure 2.

The moving range chart is in statistical control. There are no points beyond the control limits. There are
seven out of control points on the X chart. This would imply that the dataset is not homogeneous and

contain outliers.
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Figure 1: X Control Chart
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Figure 2: Moving Range Chart

~Avg=11.81

25

B e

n
N o 0 a oI~
n oo o~N

93 -
97 |
101 -

T
oM
n

89

— N
o0 o0

105 -
109 -
113
117 |
121 -
125 °

Sample Number

What about the level of alpha in the control chart above? Remember, this is a one-time test, not the
usual sequential process of adding a data point and testing it against the baseline data. What is the risk
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of a false alarm when using these 125 data points as baseline data? The authors in the article referred
to this as the “baseline alpha.” They used Bonferroni’s inequality to define the following:

1—(1- alpha)* < baseline alpha < k(alpha)

where k is the number of data points. For a normal distribution and the three-sigma limits on the XmR
chart, the value of alpha is 0.0027. The baseline alpha is then given by:

1-(1-0.0027)** < baseline alpha < 125(0.0027)
0.287 < baseline alpha < 0.338

This means that the risk of a false alarm is between about 29% and 34% when you use 125 data points
and an XmR chart to decide about homogeneity.

Note that you did not get to choose the value of alpha — like you do on other one-time tests — like using
a value of alpha = 0.05 to determine if there is a difference between means. Usually you want a higher
alpha (0.10) if you want to reduce the risk of a missed signal or a smaller alpha (0.01) if you want to
minimize the chance for a false signal. Wheeler and Beagle recognized this problem and proposed a
different approach for analyzing the homogeneity of a dataset — particularly for larger datasets.

Analysis of Individual Values (ANOX) Approach

Suppose you have k individual values. You would like to know if the data are homogeneous. The ANOX
approach is given by the following steps:

e (Calculate the moving range for each successive difference between the individual values
e (Calculate the average moving range

e Calculate the average of the k individual values

o Determine the alpha value (risk of false alarm)

e Determine the scaling factor ANOX,,

e (Calculate the upper and lower ANOX limits: average + ANOX,(average moving range)

e Interpret the chart for homogeneity

Note that in this process, you select the value of alpha. The scaling factor above depends on alpha and
the number of data points. Suppose you want to reduce the risk of a missed signal and set alpha to
0.10. Inthe article referenced above, the authors provide a table of scaling factors for values of k from 8
to 480 and alpha values of 0.01, 0.05 and 0.10. The value of ANOX,, is 2.96 for alpha =.10 and k = 125.
The ANOX limits are then:

average + ANOXq(average moving range)
99.76 +2.96(11.81)
64.7 to 134.8

Figure 3 is the ANOX plot for this situation. All the points on this chart are between the limits. This
indicates that the data are homogeneous — a different conclusion than with the XmR chart.
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Figure 3 ANOX Chart
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A few observations about the ANOX chart. The alpha level associated with ANOX is the probability that
either the minimum or maximum value will fall outside the limits. So, the 10% ANOX example above
does not mean that 10% of the values will fall beyond the limits. It means that there is a 10% chance
that the minimum or maximum value will fall beyond the limits. Also, a false alarm with the ANOX chart
is usually a single point just beyond the limits. You still must make a judgement call about whether the
data are homogeneous or not. In general, the more points beyond the limits and the further those
points are from the limits, the more likely the data are not homogeneous.

The Scaling Factors

The article referenced above explains how the authors created the scaling factor tables for alpha values
of 0.01, 0.05 and 0.10. The tables are available for download here.

Summary

This publication introduced the Analysis of Individual Values (ANOX) technique. This technique is used

as a one-time test to determine if a dataset is homogeneous. It is particularly useful for larger datasets
and allows you to select the alpha, the risk of a false alarm. The limits on the ANOX chart are based on
the value of alpha selected and the number of data points you have.

SPC for Excel Version 6 is Coming!

The analysis of individual values (ANOX) is one of the new techniques in Version 6 of our SPC for Excel
program due out in the coming month. The new techniques/enhancements focus on Dr. Wheeler's
Evaluating the Measurement Process (EMP) including the EMP Consistency Study, the Short EMP Study,
and the Basic EMP Study. The new version also includes an updated Analysis of Means (ANOM) that
incorporates the Analysis of Ranges. Other new items include using the median X and/or median
moving range for the XmR chart as well as a random number generator. There are no maintenance fees
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with SPC for Excel. You also receive new builds for the current version free of charge. These new builds
include adding new techniques as well as enhancements. More information coming soon!

Quick Links

Visit our home page

SPC for Excel Software

SPC Training

SPC Consulting

SPC Knowledge Base

Ordering Information

Thanks so much for reading our publication. We hope you find it informative and useful. Happy charting
and may the data always support your position.

Sincerely,

Dr. Bill McNeese
BPI Consulting, LLC
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