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The Problem 

 Average-S, U, P, Laney U’ and Laney 
P’ control charts all allow the charts 
to be normalized based on the sample 
size or number of opportunities. 

 The only commonly used control chart 
that cannot be normalized is the 
Individuals (I) chart. 
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The Solution 

 A normalized version of the 
Individuals (I) chart referred to as the 
the Normalized (IN) 
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The Data 

 Values:  X1, X2, …, Xn  

 Opportunities:  O1, O2, …, On  

 Examples: 

 Complaints where the volumes vary 

 Process with lot-to-lot variation where the 
sample size varies (I –chart of lot averages) 

 Linear trends with unequally spaced samples 
checking for OOT points 
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Complaint Data 

 Donald Wheeler recommends an I chart for 
count data 

 Richard Laney (2002) points out that the I 
chart cannot be normalized to account for 
differences in sample size or opportunities, 
resulting in constant control limits. 

 He offers the Laney U’ chart as a solution 

 This is specific to counts 

 For count data the IN chart is nearly identical 
to the Laney U’ chart.  However, the IN chart 
has other applications as well. 
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Assumptions 

 Assumption: 

 

 

 Based on the property of addition: 
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Control Limits 

 The normalized values are then: 

 

 

 

 

 Control Limits: 

 



TE Normalizing the I Control Chart 8 

Estimating S 

 Start with: 

 

 

 

 The following has the standard half-normal 
distribution: 
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Standard half-normal 

distribution 
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Standard Deviation 

 Unbiased estimate of the standard deviation: 
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Standard Deviation 

 Average estimator: 

 

 

 

 Median estimator: 
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IN - Complaints 
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Laney U’ - Complaints 
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Difference 

 Taylor: 

 

 

 

 Laney: 
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Comparison 

O3 is number of opportunities for all the other data points combined  
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Comparison 

 Taylor estimator 

 Unbiased 

 Laney estimator 

 May be biased but bias is small when there is 
lots of data 

 From a practical point of view it makes 
little difference which is used. 

 



TE Normalizing the I Control Chart 18 

SigmaZ 

 Ratio of the standard deviation to that of 

the Poisson distribution 
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Moving S Chart 
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Moving SigmaZ 
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IN – Between Lots 
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Regression 
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IN – Slope 
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Conclusions 
 The IN chart handles count and pass/fail data 

where a Laney U’ or P’ chart might be used.  It 

also handles many other situations involving non-

count data where a Laney U’ or P’ chart do not 

apply. 

 The X-bar and IN charts handle most needs, 

simplifying the selection of a chart.  These are the 

only 2 charts needed in most cases.  The decision 

between them is based on whether there are 

multiple values per time period or not. 
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Conclusions 
 The exception to this rule is nonnormal data.  

One such case is when counts are low and follow 

the binomial or Poisson distributions.  In this case 

U and P charts with adjusted control limits 

should be used as described in Taylor (2017a, b). 

 If the Laney U’ or P’ chart is used, consider 

accompanying it with a moving SigmaZ chart.  It 

is inconsistent to show Xbar-S, and I-Moving S 

charts, but not to do the same for a Laney U’ or 

P’ chart, as they are all based on a time ordered 

series of estimates of the standard deviation. 
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