
 

 

 

Knowledgebase ID 654: http://www.minitab.com/support/answers/answer.aspx?ID=654 Page 1 

 

Technical Support Document 

Formulas for Estimating the Standard Deviation for 

Capability Analysis and Sixpack (Between/Within) 

and I-MR-R/S (Between/Within) Charts 

 
Within 

Within is the standard deviation for the variation within a batch (used for the range or S chart). This sigma can 

be estimated based on a pooled standard deviation (the default), the average of the subgroup ranges (rbar), or 

the average of the subgroup standard deviations (sbar).  See “Methods of Estimating Standard Deviation” 

below. Note: This will match the within standard (StDev (Within)) reported by Capability Analysis (Normal). 

 

Between 


Between

 is the standard deviation for the variation from batch to batch: 

 


Between

 = The square root of (max{0 ,  
2

Xbar
  – (

2

Within
 / batch size)}) 

where batch size is the mode of the subgroup sizes 

 


Xbar

 is the standard deviation of the batch sample means (used for the individuals chart and moving range chart 

of means). This sigma can be estimated based on the average moving range (the default), the median moving 

range or the square root of the MSSD.  See “Methods of Estimating Standard Deviation” below. 

 

B/W 


B/W

 is the total standard deviation incorporating variation within and between batches (used for between/within 

capability statistics). 

B/W = The square root of ( 
2

Between
 + 

2

Within
) 

 

Overall 


Overall

 is the overall standard deviation.  See “Methods of Estimating Standard Deviation” below. 

Note: This will match the overall standard (StDev (Overall)) reported by Capability Analysis (Normal). 

 

You can estimate the standard deviation either using unbiasing constants or not. By default, Minitab 15 uses 

unbiasing constants when estimating the within and between subgroup standard deviations, and by default does 

not use unbiasing constants when estimating the overall standard deviation.  By default, Minitab 14 uses 

unbiasing constants when estimating the within and between subgroup standard deviations, and always uses 

unbiasing constants when estimating the overall standard deviation.  To change the default(s) for the current 

session, choose Stat > Quality Tools > Capability Analysis > Between/Within > Estimate.  To change the 

default(s) for future sessions, choose Tools > Options > Control Charts and Quality Tools > Estimating 

Standard Deviation. 
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Methods of Estimating Standard Deviation 

 

Estimating Within  

 

Pooled standard deviation - Default 

𝜎 𝑤𝑖𝑡 ℎ𝑖𝑛 =
𝑠𝑝

𝑐4(𝑑)  

 

𝑠𝑝 =  
   𝑥𝑖𝑗 −𝑥 𝑖 

2
𝑗𝑖

 (𝑛𝑖−1)𝑖   

 

𝑑 = 1 +   𝑛𝑖 − 𝑖  degrees of freedom 

 

Rbar – Average of subgroup ranges 

 

𝜎 𝑤𝑖𝑡 ℎ𝑖𝑛 =
  

𝑓𝑖𝑟𝑖
𝑑2(𝑛 𝑖)

 𝑖

 𝑓𝑖𝑖
  

𝑓𝑖 =
(𝑑2(𝑛))2

(𝑑3(𝑛))2
  

𝜎 𝑤𝑖𝑡 ℎ𝑖𝑛 =
𝑅 

𝑑2(𝑛𝑖)
 if all ni are the same 

 

Sbar - Average of subgroup standard deviation 

𝝈 𝒘𝒊𝒕𝒉𝒊𝒏 =
  

𝒉𝒊𝒔𝒊
𝒄𝟒(𝒏𝒊)

 𝒊

 𝒉𝒊𝒊
  

𝑠𝑖 =  
  𝑥𝑖𝑗 −𝑥 𝑖 

2
𝑗

𝑛𝑖−1
  

 

ℎ𝑖 =
 𝑐4(𝑛𝑖) 2

1− 𝑐4(𝑛𝑖 )2
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 Estimating XBar (to calculate Between) 

 

Average moving range - Default 

𝜎 𝑋𝐵𝑎𝑟 =
𝑀𝑅     𝑥 

𝑑2(𝑤)
  

𝑀𝑅𝑥 ,𝑖  = the i
th

 moving range of the subgroup means = max 𝑥 𝑖 , . . . , 𝑥 𝑖−𝑤+1 − min⁡[𝑥 𝑖 , . . . , 𝑥 𝑖−𝑤+1] , 

 for i = w, …, n 

 

𝑀𝑅     
𝑥 =

𝑀𝑅𝑥 ,𝑤 +⋯+𝑀𝑅𝑥 ,𝑛

(𝑛−𝑤+1)
  

 

w = the number of observation used in the moving range.  w=2 by default. 

Median moving range 

𝜎 𝑋𝐵𝑎𝑟 =
𝑀𝑅 𝑥 

𝑑4(𝑤)
  

𝑀𝑅𝑥 ,𝑖  = the i
th

 moving range of the subgroup means = max 𝑥 𝑖 , . . . , 𝑥 𝑖−𝑤+1 − min⁡[𝑥 𝑖 , . . . , 𝑥 𝑖−𝑤+1] , 

 for i = w, …, n 

𝑀𝑅 
𝑥  = the median of all 𝑀𝑅𝑥 ,𝑖  

w = the number of observations used in the moving range.  w=2 by default. 

 

Square root of MSSD – Square root of the Mean of the Squared Successive Differences 

𝝈 𝑿𝑩𝒂𝒓 =

 
 𝒅𝒊

𝟐

𝟐(𝒏−𝟏)

𝒄𝟒 𝒏𝒊 
|
  

 

di = successive differences 

 

c4(ni)
|
  c4(ni) 

 

When you specify a historical value for Between 

 

If you provide a historical value for 
Between

 Minitab uses the following formula to calculate 
Xbar

 

   


Xbar

 = The square root of ( 
2

Between
 + (

2

Within
 /  batch size )) 

where batch size is the mode of the subgroup sizes 

 

Estimating overall standard deviation 

𝜎 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 = 𝑠 =     𝑥𝑖𝑗 −𝑥  
2

𝑗𝑖

𝑛−1
  

 


