
F ew Six Sigma concepts cre ate more
confusion (or wrath) than the so-
called 1.5 sigma shift. Over the ye a rs ,

I ’ve come to discover that the majority of
those writing about the subject re a l ly don’t
u n d e rstand it. In this column, I ’ll try to set
the re c o rd straight by explaining the tru e
rationale behind this infamous “ s t at i s t i c a l
c o rre c t i o n .”

The standard normal distribution pro-
vides the starting point for discussion. Th i s
d i s t ri bution has been ex t e n s ive ly studied
and tabularized, and many natural systems
can be approximated with it. Although the
d i s t ri bution extends to infinity in both dire c-
tions, drawings of the distribution usually
only show the area from –3 standard devi-

ations to +3 standard
d ev i ations because
this ra n ge incl u d e s
99.73 percent of 
the data. Until Six
Sigma became pop-
ular, all quality cal-
c u l ations we re based
on this distri bu t i o n

without any “ a d j u s t m e n t s .” For ex a m p l e,
assume surveys show that customers are
u n h ap py when hold times exceed 15 min-
utes and that actual hold times are per-
fe c t ly norm a l ly distri bu t e d, ave raging 12
m i nutes with a standard dev i ation of one
m i nu t e. The 15 minute specific ation is 3
s t a n d a rd dev i ations ab ove the mean. Look-
ing up the area of a normal distri bu t i o n
b eyond +3 standard dev i at i o n s , we pre d i c t
t h at 0.135 percent of customer hold times
will exceed the specific at i o n .

Six Sigma modifies this pro c e d u re by
“ a d j u s t i n g ” the calculated mean by 1.5
sigma befo re estimating the perc e n t age
out of specifi c ation. For the hold-time
ex a m p l e, we would perfo rm the calcula-
tions with an ave rage hold time of 13.5
m i nutes instead of the calculated value of
12 minutes. This would give an estimate of
6.68 percent exceeding the specific at i o n .

Th e re is a saying among engi n e e rs and
s c i e n t i s t s : All models are wro n g, but some
models are useful. The traditional norm a l
m o d e l , for ex a m p l e, is cert a i n ly wro n g, bu t

i t ’s often still useful. The question, t h e n , i s
whether the 1.5 sigma adjustment cre at e s
a model that ’s more useful than the tra d i-
tional model. I believe it does. While all
models simplify re a l i t y, the tra d i t i o n a l
model ove rs i m p l i fies re a l i t y. It make s
things look mu ch better to us than they
look to our customers .

Consider the assumptions for the hold-
time ex a m p l e. The assumption of perfe c t
n o rmality for hold times is cert a i n ly 
w ro n g. Th e re ’s also sampling erro r, t h e
d e finition of “hold time” ( e. g. , c u s t o m e r-
p e rc e ived hold time vs. cl o ck time), t re m e n-
dous va ri ability from customer to cus-
tomer and more. In a production ex a m p l e,
ove rs i m p l i fi c ations include estimat i n g
sigma based on short - t e rm va ri at i o n ,m a k-
ing measurements on product that has
n ever been used, not considering shipping
and handling effe c t s , fa i l u re to consider the
e nv i ronments to wh i ch product will be
ex p o s e d, and incomplete unders t a n d i n g
of the customers ’ re q u i re m e n t s .

The 1.5 sigma shift is simply a cor-
rection that accounts for fa c t o rs not
i n cluded in our model of re a l i t y.

The table of process sigma values and
e q u ivalent parts per million shows the
e q u ivalent yields that you obtain wh e n
the 1.5 sigma shift is taken into account.

Use the table as fo l l ow s :
n When data are from measure m e n t s ,
c a l c u l ate the ave rage and standard dev i a-
tion. Then determine how many standard
d ev i ations there are between the mean
and each specific ation. Find the PPM leve l
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Internal performance metrics often underestimate customer problems. 

The 1.5 Sigma Shift

The Standard Normal Distribution Curv e

P rocess Sigma Levels and Equivalent PPM Quality Levels*

Process Sigma Level Process PPM Process Sigma Level Process PPM

*Assumes that in the long term the process could drift by ± 1.5σ
(PPM = errors or defects per million opportunities)

6 . 2 7 1 4 . 6 6 8 0 0
6 . 1 2 2 4 . 6 2 9 0 0
6 . 0 0 3 . 4 4 . 5 9 1 , 0 0 0
5 . 9 7 4 4 . 3 8 2 , 0 0 0
5 . 9 1 5 4 . 2 5 3 , 0 0 0
5 . 8 8 6 4 . 1 5 4 , 0 0 0
5 . 8 4 7 4 . 0 8 5 , 0 0 0
5 . 8 2 8 4 . 0 1 6 , 0 0 0
5 . 7 8 9 3 . 9 6 7 , 0 0 0
5 . 7 7 1 0 3 . 9 1 8 , 0 0 0
5 . 6 1 2 0 3 . 8 7 9 , 0 0 0
5 . 5 1 3 0 3 . 8 3 1 0 , 0 0 0
5 . 4 4 4 0 3 . 5 5 2 0 , 0 0 0
5 . 3 9 5 0 3 . 3 8 3 0 , 0 0 0
5 . 3 5 6 0 3 . 2 5 4 0 , 0 0 0
5 . 3 1 7 0 3 . 1 4 5 0 , 0 0 0
5 . 2 7 8 0 3 . 0 5 6 0 , 0 0 0
5 . 2 5 9 0 2 . 9 8 7 0 , 0 0 0
5 . 2 2 1 0 0 2 . 9 1 8 0 , 0 0 0
5 . 0 4 2 0 0 2 . 8 4 9 0 , 0 0 0
4 . 9 3 3 0 0 2 . 7 8 1 0 0 , 0 0 0
4 . 8 5 4 0 0 2 . 3 4 2 0 0 , 0 0 0
4 . 7 9 5 0 0 2 . 0 2 3 0 0 , 0 0 0
4 . 7 4 6 0 0 1 . 7 5 4 0 0 , 0 0 0
4 . 6 9 7 0 0 1 . 5 0 5 0 0 , 0 0 0



in the table corresponding to this nu m b e r.
A dd the PPM values for the lower and
upper specific ation and look up the pro c e s s
sigma level in the tabl e.

E x a m p l e : Hole diameter specific at i o n
= 0.990 in. to 1.010 in. Ave rage = 1.005
i n . , sigma = 0.0025 in. standard dev i at i o n s
to upper specific at i o n : 2 (by interp o l at i o n ,
PPM = 307,400)1; standard dev i ations to
l ower specifi c at i o n : 6 (PPM = 3.4 or
ap p rox i m at e ly 0). Th e re fo re, ex p e c t e d
e rro rs = 307,400+ or a process sigma
l evel of 2.
n If data are from observed counts of
e rro rs or defe c t s , c o nve rt the count to
PPM using the fo rmula PPM = 1,000,000
x (error count/error opportunities). Look
up the PPM value to find the corre s p o n d-
ing process sigma leve l .

E x a m p l e : 400 units we re shipped, a n d
10 we re re t u rned as defe c t ive. PPM =
1,000,000 x (10/400) = 25,000, or by
i n t e rp o l at i o n , a process sigma level of
3.47. 2

In the counts example ab ove, we com-
puted a process sigma level of 3.47 based
on observing a 2.5 percent defe c t ive rat e.
If you look up Z = 3.47 in a normal tabl e,
you find that the predicted defe c t ive rat e
is 0.03 perc e n t , wh i ch is mu ch better than
the observed result. Many stat i s t i c i a n s
look at this as taking undeserved “ c re d i t ”
for 1.5 sigma. This view re flects an ove rly
n a rrow statistical interp re t ation of the 1.5
sigma shift. If we look at the shift as an
attempt to make our model corre s p o n d
m o re cl o s e ly to re a l i t y, the interp re t at i o n
is as fo l l ow s : The customer observed 2.5
p e rcent fa i l u res during actual use of our
p ro d u c t , wh i ch corresponds to an esti-
m ated internal fa i l u re rate of only 0.03
p e rc e n t .

I t ’s well known that our internal per-
fo rmance metrics undere s t i m ate the pro b-
lems seen by our customers. By prov i d i n g
us with a simple rule of thumb that cor-
rects for the ove rs i m p l i fic ation inherent in
the traditional model, the 1.5 sigma shift
adjustment helps us see our products and
s e rvices more like our customers see them.
L i ke all models, this one is wro n g. But
m a ny companies have found that it’s more
useful than the traditional model in help-
ing run their bu s i n e s s .

N o t e s
1. The exact answer can be found using the

fo l l owing function in Excel: = 1 0 0 0 0 0 0 *
(1-NORMSDIST(Z - 1.5)), wh e re Z =
number of standard dev i ations. The ex a c t
a n swer for the example is 308,538.
2. The exact answer can be found using the
fo l l owing function in Excel: = -NORM-
SINV(PPM/1000000)+1.5. The ex a c t
a n swer for the example is 3.46.
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