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Have you ever needed a quick method to summarize 
and convert constants, or had a situation you needed to 
convert back to the original units, which is an algebra 
issue? 
 
For instance, instead of questioning how to transform 
your data requiring a non-standard lambda, a better 
question is determining the “why” for data transformation 
and conversion.   
 
Learn and share in our recent article about the 
importance of “why” transformations and conversions! 

By Rick Haynes 
Master Black Belt  |  Austin, Texas 

Box Cox Transformations and 
Control Limit Conversions
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If the Box-Cox transformation is used to normalize a 30,000-foot-level metric before making a predictability 
assessment, it may make the understanding of the control limits more difficult. 
 

If you are lucky and the lambda = 0 (Natural Log transformation) you are able to take the use the Exponentiation 

function to transform it back.  A lambda = 0.5, 2.0 or other easily understood value can be transformed back.  

But what if your lambda = (-0.62), now it is not as intuitively clear. 

 

The function to transfer back is the opposite of the transform function, which sounds simple but is not always so 

easy. 
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Then the function to return the 
control limit to the original 
units would be: 

 The Box-Cox transform function is: 
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These functions will allow you to convert the transformed control limits back into their equivalent units to allow 

plotting with the original data.  As a warning, do not be surprised when the limits are very non-symmetric around 

the original data.  In almost every case one of the two limits, Upper or lower, will seem to be too far away from 

the data, so do not be too concerned, just because not data comes close to the limit, those values do have a 

finite probability of occurring.  With normally distributed data, 99.7% of all data is bound by the standard control 

limits, if you have less than a few thousand data points, you may not have any near the limits. 
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Box Cox Transformation limitations 

 

At times the Box Cox transform does not provide a useful result.  Many things may cause this event.  The two 

most common issues will be discussed in this section. 

 

A More Important Transformation Issue 
 

The prior section covers a common question about using this or any transform, how to convert constants and 

how to convert back to the original units which is an algebra issue.  But I propose that this is the wrong question 

to ask.  If the data transform requires a non-standard lambda, the better question is why? 

 

“Why” is a complex issue.  It centers on distribution theory and contextual knowledge of the data.   

 

Rule 1:  Transforms only correct skewness.   

 

If the reason the data did not pass the normality test is anything other than skewness, the transform 

may solve and provide a recommendation, but that data will probably still fail the normality test. 

 

What should you do?  In these cases, the non-normality is usually caused by the data set includes 

multiple distributions or the process has a non-constant mean value or a non-constant standard 

deviation. 

 

Multiple distributions are found be combining data from multiple processes. An example would be the 

distribution of the delivery cycle time for you personal mail.  Some if it is local which delivers in 1-2 days.  

Some is from major business centers around the county (near big mail centers) this takes 3-5 days and 

some may come from a small town in North Dakota (or any other town far from a regional mail center) 

and it can take 7-10 days.  This could give you bi-modal (two peaks), tri-modal, or any non-bell shape. 

 

A non-constant mean would be like measuring the temperature every minute in your home or office.  It 

goes up as the heat is on and then slowly drifts down until the heat comes on again.  The data shows a 

cycling.  If this is all lumped into a single histogram, the data shows a flat top and short tails (a kurtosis 

problem) 
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Rule 2:  Use what you know to choose a distribution before accepting a general transformation: 

a. Data with a natural limit, should not be normally distributed, choose a skewed distribution.  

b. Cycle time data is usually Lognormally distributed (lamda=0 in Box-Cox) 

c. Time between failures (reliability type data) is usually assumed to have a Wiebull distribution. 

d. Decay rate data or biological data may have an exponential distribution. 

e. If you have good yield rate data that is near 100% (or failure rates near 100%) which shows a 

negative skew (the long tail is towards zero), it is better examined using the opposite data (1-%).  

Common distributions and transforms make more sense when the data has a positive skew. 

 

Rule 3: If all this fails, refer to rule 1.  

(I had to say it this way to remind you this is supposed to be fun) 

I still recommend that you continue looking for rule 1 issues by stratifying or partitioning the data based 

on known characteristics and testing each group separately.  In doing this you will typically find one 

grouping that allows all groups to use the same transform or use no transform.  Now you have found a 

significant cause to use in your analysis. 
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