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Introductions…
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““Measure for Six Sigma and BeyondMeasure for Six Sigma and Beyond…”…”

n Measure is more than just a step in Six
Sigma's DMAIC method.

n Good measurements are basic building
blocks of good information.

n Good measurements are critical for good
decision making.

n This workshop will investigate the key
elements of good measurement systems.
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Measurement and Statistics

n Measurements have a long and rich …
relationship with statistical sciences.

n Metrology (measurement science) is the
study of measurement error (uncertainty).
It is essentially a statistical pursuit.

n Were there no uncertainty, there would be
very little science in measurement science.

Philip Stein, “Statistical Issues in Measurement”,
ASQ Statistics Division Special Publication (July 2002)
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What to Measure…

All Possible Input Xs

Process
Mapping

Fishbone
Diagrams

X-Y
Matrices

FMEA

Critical Few Xs

Data
Mining

Hypothesis
Testing

Design of
Experiments
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Types of Data

n Variable or Continuous
n Quantitative – a scale that can take an infinite

number of values along it’s length, with or
without end points (e.g., temperature,
pressure), or with an absolute zero point (e.g.,
height, weight).

n Attribute or Discrete
n Qualitative

• Count or percentage
• Binomial
• Nominal
• Ordinal

Tonight’s Focus
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Class Attribute Data

n Ordinal
n Categorical variables that have three or more

possible levels with natural ordering.
n Distance between the levels is unknown

• I.e., poor, fair, excellent, or Olympic scoring.

n Can be attribute or discrete variable data.

n Nominal
n Categorical variables that have two or more

possible mutually exclusive levels with no
natural ordering (e.g., sex, race).

n Typically attribute data.

© Joe Swartz 2005
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Critical Six Sigma questions…

n What is the Voice of the Customer?
n What to Measure: Cost, Quality, Features, Availability

n What is the Voice of the Process?
n Center, Spread, Shape, Stability (Control)

n Does our process meet customer needs?
n Compliance, Process Capability, Opportunities?

n Can we make it better?
n Continuous Improvement, Breakthrough, Innovation.
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I-MR Chart of DefectsLab Test Requested IMR Chart

VOP
Voice Of the Process

VOC
Voice Of the Customer

Note the Process
•Center
•Shape
•Spread
•Stability

Example:
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Consider the Shape, Center, and Spread…
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What about Stability?

p=0.0013

p=(.02485)2

=.00062

P=(0.5)8

=0.0039

68%p=0.68
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Hearing the VOP…

68%
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Lab Test Requested IMR Chart
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Does it meet customer needs (VOC)?

6543210-1

LSL Target USL
Process Data

Sample N 52
StDev (Within) 1.35586
StDev (O v erall) 1.68261

LSL 0.10000
Target 3.00000
USL 5.90000
Sample Mean 2.51923

Potential (Within) C apability

C C pk 0.71

O verall C apability

Pp 0.57
PPL 0.48
PPU 0.67
Ppk

C p

0.48
C pm 0.55

0.71
C PL 0.59
C PU 0.83
C pk 0.59

O bserv ed Performance
PPM < LSL 115384.62
PPM > USL 57692.31
PPM Total 173076.92

Exp. Within Performance
PPM < LSL 37189.44
PPM > USL 6325.47
PPM Total 43514.90

Exp. O v erall Performance
PPM < LSL 75247.13
PPM > USL 22255.54
PPM Total 97502.67

Within
Overall

Process Capability of DefectsLab Test Process Capability
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VOP helps us plan future operations…

Defects
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Probability Plot of Defects
Normal

Lab Test Probability Plot
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Boxplot of Defects vs Team
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Boxplot of Defects vs Method
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Boxplot of Defects vs Trial

VOP helps us find improvement opportunities
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Measurement Systems Analysis
MSA insures:
n Good correlation
n Adequate discrimination
n In statistical control
n Measurement uncertainty small:

n Compared to process variation
n Compared to specification limits
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Measurment Variation…

Target

σ2
measuring system

= σ2
operator

+ σ2
measurement device

+ σ2
environment

σ2
total = σ2

process + σ2
measurement system

Spec
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Measurment Variation with Bias…

Target

σ2
total = σ2

process + σ2
measurement system

Spec

Note: The observed  mean is
the average of the process
mean and the measurement
system mean.
















