Six Sigma and Beyond Thomas Pyzdek

The 15 Sigma Shift

Internal performance metrics often underestimate customer problems.

ew Six Sigma concepts create more

confusion (or wrath) than the so-

called 1.5 sigmashift. Over the years,
I’ve cometo discover that the majority of
those writing about the subject really don't
understandit. Inthiscolumn, I’ Il try to set
the record straight by explaining the true
rationale behind thisinfamous“ statistical
correction.”

The standard normal distribution pro-
videsthestarting point for discussion. This
distribution has been extensively studied
and tabularized, and many natural systems
can be approximated with it. Although the
distribution extendsto infinity in both direc-
tions, drawings of the distribution usually
only show the area from —3 standard devi-

ationsto +3 standard

deviations because
this range includes
99.73 percent of
the data. Until Six
Sigma became pop-
ular, al quality cal-
culations were based
on this distribution
without any “adjustments.” For example,
assume surveys show that customers are
unhappy when hold times exceed 15 min-
utes and that actual hold times are per-
fectly normally distributed, averaging 12
minutes with a standard deviation of one
minute. The 15 minute specification is 3
standard deviations above the mean. L ook-
ing up the area of a normal distribution
beyond +3 standard deviations, we predict
that 0.135 percent of customer hold times
will exceed the specification.

Six Sigma modifies this procedure by
“adjusting” the calculated mean by 1.5
sigma before estimating the percentage
out of specification. For the hold-time
example, we would perform the calcula
tions with an average hold time of 13.5
minutesinstead of the cal culated val ue of
12 minutes. Thiswould give an estimate of
6.68 percent exceeding the specification.

Thereisasaying among engineers and
scientists: All modelsarewrong, but some
models are useful. Thetraditional normal
model, for example, is certainly wrong, but

it's often still useful. The question, then, is
whether the 1.5 sigmaadjustment creates
amodel that’s more useful than the tradi-
tional model. | believe it does. While all
models simplify reality, the traditional
model oversimplifies reality. It makes
things look much better to us than they
look to our customers.

Consider the assumptions for the hold-
time example. The assumption of perfect
normality for hold times is certainly
wrong. There's also sampling error, the
definition of “hold time” (e.g., customer-
perceived hold timevs. clock time), tremen-
dous variability from customer to cus-
tomer and more. In aproduction example,
oversimplifications include estimating
sigmabased on short-term variation,mak-
ing measurements on product that has
never been used, not considering shipping
and handling eff ects, failureto consider the
environments to which product will be
exposed, and incomplete understanding
of the customers’ requirements.

Process Sigma Levels and Equivalent PPM Quality Levels*

The 1.5 sigma shift is simply a cor-
rection that accounts for factors not
included in our model of reality.

Thetable of processsigmavaluesand
equivaent parts per million shows the
equivalent yields that you obtain when
the 1.5 sigma shift is taken into account.

Usethetable asfollows:

B When data are from measurements,
calculate the average and standard devia-
tion. Then determine how many standard
deviations there are between the mean
and each specification. Find the PPM level

The Standard Normal Distribution Curve

Process Sigma Level Process PPM Process Sigma Level Process PPM
6.27 1 4.66 800
6.12 2 4.62 900
6.00 3.4 4.59 1,000
5.97 4 4.38 2,000
5.91 5 4.25 3,000
5.88 6 4.15 4,000
5.84 7 4.08 5,000
5.82 8 4.01 6,000
5.78 9 3.96 7,000
5.77 10 3.91 8,000
5.61 20 3.87 9,000
5.51 30 3.83 10,000
5.44 40 3.55 20,000
5.39 50 3.38 30,000
5.35 60 3.25 40,000
5.31 70 3.14 50,000
5.27 80 3.05 60,000
5.25 90 2.98 70,000
5.22 100 2.91 80,000
5.04 200 2.84 90,000
4.93 300 2.78 100,000
4.85 400 2.34 200,000
4.79 500 2.02 300,000
4.74 600 1.75 400,000
4.69 700 1.50 500,000

*Assumes that in the long term the process could drift by + 1.5s

(PPM =errors or defects per million opportunities)




in the table corresponding to this number.
Add the PPM values for the lower and
upper specification and look up the process
sigmalevel in thetable.

Example: Hole diameter specification

=0.990in. to 1.010 in. Average = 1.005
in., sigma= 0.0025 in. standard deviations
to upper specification: 2 (by interpolation,
PPM = 307,400)%; standard deviations to
lower specification: 6 (PPM = 3.4 or
approximately 0). Therefore, expected
errors = 307,400+ or a process sigma
level of 2.
B |f data are from observed counts of
errors or defects, convert the count to
PPM using theformula PPM = 1,000,000
X (error count/error opportunities). L ook
up the PPM valueto find the correspond-
ing process sigmalevel.

Example: 400 unitswere shipped, and
10 were returned as defective. PPM =
1,000,000 x (10/400) = 25,000, or by
interpolation, a process sigma level of
3.47.°

In the counts example above, we com-
puted a process sigmalevel of 3.47 based
on observing a 2.5 percent defective rate.
If youlook up Z = 3.47 inanormal table,
you find that the predicted defectiverate
is0.03 percent, whichis much better than
the observed result. Many statisticians
look at thisastaking undeserved “credit”
for 1.5 sigma. Thisview reflects an overly
narrow statistical interpretation of the 1.5
sigma shift. If we look at the shift as an
attempt to make our model correspond
more closely to reality, the interpretation
isasfollows: The customer observed 2.5
percent failures during actual use of our
product, which corresponds to an esti-
mated internal failure rate of only 0.03
percent.

It’s well known that our internal per-
formance metrics underestimate the prob-
lems seen by our customers. By providing
us with a simple rule of thumb that cor-
rectsfor the oversimplification inherent in
thetraditional model, the 1.5 sigma shift
adjustment helps us see our products and
servicesmorelike our customers see them.
Like all models, this one is wrong. But
many companieshave found that it’smore
useful than the traditional model in help-
ing run their business.

Notes
1. The exact answer can be found using the

following function in Excel: =1000000*
(1-NORMSDIST(Z - 1.5)), where Z =
number of standard deviations. The exact
answer for the example is 308,538.

2. The exact answer can be found using the
following function in Excel: = -NORM-
SINV (PPM/1000000)+1.5. The exact
answer for the example is 3.46.
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