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Do you have continuous

data or attribute data?

Data type
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Continuous data

Measures a characteristic of a part or process,
such as length, weight, or temperature. The
data often includes fractional (or decimal)
values.

Example

A food manufacturer wants to investigate
whether the weight of a cereal product is
consistent with the label on the box. To collect
data, a quality analyst records the weights
from a sample of cereal boxes.

Attribute data

Counts the presence of a characteristic, such
as the number of defective units or defects per
unit. The count data are whole numbers.

Example

Inspectors examine each light bulb and assess
whether it is broken. They count the number of
broken bulbs (defective units) in a shipment.

If possible, collect continuous data because they provide more detailed information. However, sometimes
attribute data adequately describe the quality of a part or a process. For example, if you are tracking
broken light bulbs, you don’t need to measure a characteristic of the bulb to evaluate whether it's broken
or not. What matters is only the number of bulbs that are broken (counts).

With continuous data, the capability analysis estimates the process spread and compares it with the
specifications. With attribute data, the capability analysis determines the percentage of defective units

or mean defects per unit (DPU).
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Does your data follow

a normal or nonnormal
distribution?

Data type:
Continuous

Data
distribution

Normal Nonnormal
distribution distribution

Normal distribution

Data that follow a symmetric, bell-shaped
distribution.

Example

An auto parts company manufactures wheel
rims to be 16 inches in diameter. Inspectors
randomly sample 100 wheel rims and measure
their diameters. They determine that the
diameters follow a normal distribution.

Wheel Rim Diameters

Nonnormal distribution

Data that follow a distribution that either is
not symmetric or is symmetric but not bell-
shaped.

Example

A shipping company guarantees delivery of
domestic packages within 72 hours. Inspectors
randomly sample 150 orders and record the
delivery times. They determine that the times
are not symmetrically distributed.

Delivery Times

The distribution of your data often depends on your process. For example, data that track cycle
time for service processes, such as the time needed to process an application, serve a customer, or
deliver a product, often do not follow a normal distribution.

Although the normal distribution is always bell-shaped, not all bell-shaped distributions are normal. To
determine whether your data follow a normal distribution, use normal probability plots, histograms, or
normality tests such as the Anderson-Darling test. You can also use Minitab’s Individual Distribution

Identification to evaluate normality.
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Capability Analysis

Normal Capability Analysis

Data type:
Continuous

Data distribution:
Normal

Normal Capability
Analysis

u Normal Capability Analysis

Normal capability analysis evaluates how well a process meets specifications.

Example

An auto parts company tracks the diameter of wheel rims and determines that the data follow a normal
distribution. Inspectors use normal capability analysis to evaluate how well the process meets the product
specification of 16 cm for the wheel rim diameters.

To perform a normal capability analysis in Minitab, choose Stat > Quality Tools > Capability Analysis
> Normal.

Process Capability of Wheel Rim Diameter

LSL USL
Process Data i ——— Within

LsL 15.995 i N ) p— Overall

Target % !

uSL 16.005 XK i Potential (Within) Capability

Sample Mean  16.0001 ZZ i Cp  0.40

Sample N 100 ] CPL 041

StDev(Within)  0.00413236 CPU  0.39

StDev(Overall)  0.00417703 Cpk 039

Overall Capability

Pp 0.40
PPL  0.41
PPU  0.39
Ppk  0.39
Cpm *

K T s T i T s 1l 1 1l T
15,992 15.996 16.000 16.004 16.008 16.012

Observed Performance
PPM < LSL 70000.00
PPM > USL  130000.00
PPM Total 200000.00

Exp. Within Performance
PPM < LSL 107225.02
PPM > USL  119297.95
PPM Total 226522.97

Exp. Overall Performance
PPM < LSL  109696.18
PPM > USL  121827.38
PPM Total 231523.56

Z

’ Before you perform a capability analysis, you should evaluate the stability and normality of your
process data. Minitab’s Capability Sixpack allows you to evaluate normality, process stability, and
capability at the same time.

For more specialized or advanced analyses, you may want to use other capability assessments to:

» Compare capability measures for multiple variables on one graph (multiple variables capability
analysis)

» Evaluate the capability of a batch process that exhibits considerable variation from batch to
batch (between/within capabilty analysis)
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Do you want to transform

your data or fit a
nonnormal distribution?

Data type:
Continuous

Data distribution:
Nonnormal

Transform the data

Apply a function to make the data fit a normal
distribution.

Example

Inspectors at a food processing plant randomly
sample snack bags and measure their seal
strength. The data are not symmetrically
distributed and therefore not normal. Based
on organizational preference, the inspectors

Fit a nonnormal distribution

Use a nonnormal distribution to model the
data.

Example

A shipping company guarantees delivery of
domestic packages within 72 hours. Inspectors
randomly sample orders and record the
delivery times. They determine that the data
follow a Weibull distribution.

decide to transform the data.
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Minitab’s Individual Distribution Identification includes probability plots and goodness-of-fit tests
that help you determine the effectiveness of each transformation and the fit of each distribution.
Generally, a p-value greater than 0.05 indicates that a transformation makes your data normal or
that a distribution fits your data. If several distributions or transformations are appropriate, consider
additional criteria, such as organizational preference and process knowledge.

If no transformations or nonnormal distributions are appropriate, consider these possible reasons:

* Your data may not come from a single source (population). For example, products produced by
two machines may follow different distributions, and you may need to evaluate them separately.

* Your process may not be in control. Assess its stability with control charts before you evaluate
capability.
* Your data may contain outliers. Evaluate whether you can remove them.

If you still cannot find an appropriate distribution or transformation, you may need to use a simpler
measure of capability for your data, such as percentage out of specification.
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Do you want to use the

Box-Cox or the Johnson
transformation?

Data type:
Continuous

Data distribution:
Nonnormal

Approach for nonnormal
data: Transform the data

Type of
transformation

Box-Cox Johnson
transformation

transformation

Y

Box-Cox transformation

Uses a simple function that is easy to
understand. Cannot be used if your data
contains negative numbers or zeros.

Example

Inspectors at a food processing plant randomly
sample snack bags and measure their seal
strength. The data are not symmetrically
distributed and therefore not normal. Because
the Box-Cox transformation is often effective
for their process data, they apply the
transformation to make the data normal.

Before: Nonnormal After: Normal

2 4 6 38 10 12 0 04 03 12 16 20 24 28
Positive Data Transformation = Log (Y)

Johnson transformation

Uses a complex function, but transforms a
wider variety of nonnormal data than the Box-
Cox transformation. Can be used with data
that contains negative numbers and zeros.

Example

A bookstore evaluates how accurately its Web
site estimates the delivery date for online
orders. For each order, analysts calculate
the difference between the actual arrival date
and the estimated arrival date. The data are
nonnormal and contain negative values (some
orders arrive earlier than expected), so the
analysts use the Johnson transformation.

Before: Nonnormal After: Normal

o,

20 0 20 40 60 80 100 2 - 0 1 2 3
Negative and Positive Data Transformation =

0.715+1.051 * log [%f;“zj
g i

Minitab’s Individual Distribution Identification includes probability plots and goodness-of-fit tests that

help you determine the effectiveness of each transformation. Generally, a p-value greater than 0.05
indicates that a transformation makes your data normal.

If both the Johnson and the Box-Cox transformation are effective for your data, consider these

additional criteria:

* Only the Box-Cox transformation provides within-subgroup analysis (Cpk and Cp values)
» The Box-Cox transformation is easier to explain to others and to apply manually
+ A transformation may be preferred based on process knowledge or organizational practice
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Capability Analysis

u Normal Capability Analysis

Normal capability analysis evaluates how well a process meets specifications.

Normal Capability Analysis

Example
Inspectors at a food processing plant randomly sample 250 snack bags and measure their seal strength.
Data type: Because the data do not follow a normal distribution, the inspectors perform normal capability analysis
Continuous with the Box-Cox transformation to evaluate how well the process meets the specifications for seal
I strength.
Data distribution: - . . .. .
To perform a normal capability analysis on nonnormal data in Minitab, choose Stat > Quality Tools >
Nonnormal e . . .
- Capability Analysis > Normal. Click Box-Cox and choose Use optimal lambda.
Approach for nonnormal
data: Transform the data Process Capability of Seal Strength
T Using Box-Cox Transformation With Lambda = 0
Type of transformation:
. LSL* USL*
BOX, o Process Data transformed data ——— Within
LSL 2 3 - 3 ----- Overall
Normal Capability Larget 10 | | Potential (Within) Capability
i Sample M 5.3344 o ! Cp 041
Analysis caneN | Ds : N 3 CPL 041
StDev(Within)  3.51251 : / % ‘ CPU 042
StDev(Overall)  3.47303 y \ | | Cpk 041
After Transformation / [ Overall Capability
LsL* 0.693147 Pp 043
Target* * T PPL  0.42
UsL* 2.30259 PPU - 0.44
Sample Mean*  1.48483 / Ppk 042
StDev(Within)*  0.647022 Cpm  *
StDev(Overally*  0.624495 ||
00 04 08 12 16 20 24 28
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL  128000.00 PPM < LSL* 110555.11 PPM < LSL*  102449.33
PPM > USL  88000.00 PPM > USL* 103137.79 PPM > USL* 95188.74
PPM Total  216000.00 PPM Total 213692.90 PPM Total 197638.07

Z

’ Before you perform a capability analysis, you should evaluate the stability and normality of your
process data. Minitab’s Capability Sixpack allows you to evaluate normality, process stability, and
capability at the same time.

For more specialized or advanced analyses, you may want to use other capability assessments to:

» Compare capability measures for multiple variables on one graph (multiple variables capability
analysis)

 Evaluate the capability of a batch process that exhibits considerable variation from batch to
batch (between/within capabilty analysis)

Capability Analysis




Capability Analysis

u Nonnormal Capability Analysis

Nonnormal capability analysis evaluates how well a process meets specifications.

Nonnormal Capability Analysis

Example
A mail-order catalog company wants to evaluate how accurately its Web site estimates the delivery

date for products that customers order online. For each order, analysts calculate the difference between

Data type:
Continuous the estimated arrival date and the actual arrival date. They perform nonnormal capability analysis with
| the Johnson transformation to evaluate how well the process meets the specifications for delivery

Data distribution: estimates.
Nonqormal To perform a nonnormal capability analysis with the Johnson transfomation in Minitab, choose Stat
A > Quality Tools > Capability Analysis > Nonnormal. Under Fit data with, choose Johnson
pproach for nonnormal .
transformation.

data: Transform the data

Process Capability of Deviation
‘ Johnson Transformation with SB Distribution Type
- 0.715 + 1.051 * Ln( ( X + 22.742 ) / (119.649- X))
LS USL*

Nonnormal Capability e transformed dat Overal Capabity
q rocess Dal ransrorm ata verall Capabili
Analysis LS -18 1 Pp 077
Target = o ) PPL 1.01
75 SN ‘ PPU  0.53

uUsL

Sample Mean  29.3085 ’/ \ | Ppk 0.53
\ i

Sample N 164 / \ | Exp. Overall Performance

StDev 25.7452 o \ k
Shapel 0.715494 - | PPM < LSL  1220.82
Shape2 1.05133 PPM > USL 56886.75
Location -22.742 PPM Total  58107.56
Scale 142.391
After Transformation

LSL* -2.82563
Target* *

usL* 1.53921 !
Sample Mean*  0.0424828 /
StDev* 0.946421 /

Type of transformation:
Johnson

Observed Performance K
PPM < LSL 0.00 y
PPM > USL  54878.05 J
PPM Total  54878.05 =

i /Before you perform a capability analysis, you should evaluate the stability and normality of your
process data. Minitab’s Capability Sixpack allows you to evaluate normality, process stability, and

capability at the same time.
To compare capability measures for multiple variables on one graph, use multiple variables capability

analysis.
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Capability Analysis

u Nonnormal Capability Analysis

Nonnormal capability analysis evaluates how well a process meets specifications.

Nonnormal Capability Analysis

Example

Inspectors at a shipping company track the delivery time of packages and determine that the data follow
Data type: a Weibull distribution. They use nonnormal capability analysis to evaluate how well the shipping process
Continuous meets the specifications for delivery time.

To perform a nonnormal capability analysis in Minitab, choose Stat > Quality Tools > Capability
Analysis > Nonnormal. Under Fit data with, choose Distribution, and then choose the nonnormal
distribution you want to use to model your data.

Data distribution:
Nonnormal

Approach for nonnormal

' data: Process Capability of Delivery Time
Fit a nonnornjal distribution Calculations Based on Weibull Distribution Model
Nonnormal Capability usL
Analysi [3 Process Data | Overall Capability

LsL * . | Pp *
Target * ! PPL *
uUsL 75 ! PPU  0.64
Sample Mean 60.3867 Ppk 0.64
Sample N 150 Exp. Overall Performance
Shape 7.55514 BRI < LSL *
Scale 64.3513 PPM > USL  41579.27
Observed Performance PPM Total 41579.27
PPM < LSL *

PPM > USL  33333.33
PPM Total ~ 33333.33

Z

’ Before you perform a capability analysis, you should evaluate the stability and normality of your
process data. Minitab’s Capability Sixpack allows you to evaluate normality, process stability, and
capability at the same time.

To compare capability measures for multiple variables on one graph, use multiple variables capability
analysis.
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Are you counting

defective units or defects
per unit?

Data type:
Attribute

Type of
flaws
counted

Defective Defects
units per unit

R\

Defective units

Counts items that are classified into one of two
categories such as pass/fail or go/no-go. Often
used to calculate a proportion (%defective).

Example

An automated inspection process examines
samples of bolts for severe cracks that make
the bolts unusable. For each sample, analysts
record the number of bolts inspected and the
number of bolts rejected.

FAIL

PASS

Defects per unit

Counts defects, or the presence of undesired
characteristics or activities for each unit. Often
used to determine an occurrence rate (defects
per unit).

Example

Inspectors sample 5 beach towels every
hour and examine them for discolorations,
pulls, and improper stitching. They record the
total number of defects in the sample. Each
towel can have more than 1 defect, such as 1
discoloration and 2 pulls (3 defects).

Colors
PU_Ils
st|t0hing (l

A defective unit (also called a defective or nonconforming unit) is a part with a flaw so severe that it is
unacceptable for use, such as a broken light bulb or cracked bolt.

Defects (also called nonconformities) are flaws, such as scratches, dents, or bumps on the surface of
a car hood. A part can have more than one defect, and the defects do not necessarily make the part
unacceptable. You can count defects over a length of time (complaints received during an 8-hr shift),
over an area (stains on every 50 yards of fabric), or over a set number of items (defects in a sample of

5 beach towels).

In some situations, you may want to define defectives or defects as successful occurrences rather than
failures or flaws. For example, you may want to track the proportion of customers who respond to a

mass mailing by applying for a credit card.

Capability Analysis



Capability Analysis

[ Binomial Capability Analysis

Binomial capability analysis evaluates the percentage of defective units.

Binomial Capability Analysis

Example
An automated inspection process examines samples of bolts and counts how many bolts are rejected due
to a severe crack. Inspectors use binormial capability analysis to evaluate the percentage of defective

Data type:
Attribute bolts.
To perform a binomial capability analysis in Minitab, choose Stat > Quality Tools > Capability Analysis
Type of flaws counted: > Binomial
Defective units '
. . - Binomial Process Capability Analysis of Defectives
Binomial Capability = l L
Analysis P Chart Rate of Defectives ‘
00151 + —— UCL=0.01540 15
s (]
S 2
£ 0.010 PN e £ 10 .
2 — e e —=+ | P=0.00773 g L
2 0.005 e Q < . .
o > 0.5 .
0.0001 —— e — —— | LaL=0.00007 e e
1 2 3 4 5 6 7 8 9 10 1000 1100 1200
Sample Sample Size
Tests performed with unequal sample sizes
Cumulative %Defective Histogram
1.0+ Summary Stats 4Tar
(95.0% confidence) M
o 0.9 %Defective: 0.77 3
2 Lower CI: 0.62 E
E 0.8 e Upper CI: 0.95 2
g —- S | Target: 0.00 g2
2 o PPM Def: 7731 i
07 o Lower CI: 6196 i)
Upper CI: 9527 H W H
0.6 ; ‘ . . | Process Z:  2.4214 0
2 4 6 8 10 | LowerCL: 23445 00 02 04 06 08 10
Sample Upper CI: 2.5008 %oDefective

Before you perform a capability analysis, you should evaluate your data with control charts to make
sure that your process is stable. Minitab’s Binomial Capability Analysis includes a P chart to evaluate

the stability of your process.
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Capability Analysis

u Poisson Capability Analysis

Poisson capability analysis evaluates the rate of defects per unit.

Poisson Capability Analysis

Example
A towel manufacturer tracks these defects in each sample of five beach towels: discoloration, pulls,
Data type: and improper stitching. Inspectors use Poisson capability analysis to evaluate the rate of defects per
Attribute sample.
To perform a Poisson capability analysis in Minitab, choose Stat > Quality Tools > Capability Analysis
Type of flaws counted: > Poisson.

Defects per unit

Poisson Capability Poisson Capability Analysis of Defects _
Analysis . UIChart ‘ Poisson Plot
1.5

£
5 ﬁ g 75
3 |
g ; UCL=1.207 2 .
\ 1}
2 ] a 50 .
3 3 S
s f § 25 St
2 -3 N
g‘ é s
R e e e — 0.0{ " . ‘
1 9 17 25 33 41 49 57 65 73 0 4 8
Sample Observed Defects
Cumulative DPU Histogram
Summary Stats Tar
(95.0% confidence) 2047
» 1
0419 ,.--.p""-#.w"'-‘-"-'-_\ Mean Def:  1.9000
] Lower CI: 1.6100 g 15
> le o n Upper Cl: 22272 | §
8 o3/ [[ff [are N Mean DPU:  0.3800 & 10
N lowerC: 03220 | &
“ Upper CI: 0.4454 5
l Min DPU:  0.0000 D
0] : : | MaxDPU:  1.6000 0 ==
0 20 40 60 80 | Targ DPU:  0.0000 0.0 03 06 09 1.2 15
Sample DPU

Before you perform a capability analysis, you should evaluate your data with control charts to make
sure that your process is stable. Minitab’s Poisson Capability Analysis includes a U chart to evaluate the
stability of your process.
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Contacts

Minitab World Headquarters

Minitab Inc.

Quality Plaza

1829 Pine Hall Road

State College, PA 16801-3008
USA

Training

Phone: +1 814.238.3280 x3236
Fax: +1814.238.4383
Email: training@minitab.com
www.minitab.com/training

Technical Support

Phone: +1 814.231.2682
www.minitab.com/support;
customer.minitab.com to log a question

Mentoring
Phone: +1 814.238.3280 x3236

Email: mentoring@minitab.com
www.minitab.com/training/mentoring/

Minitab is a global company with subsidiaries and representatives around the world. To
find a Minitab partner in your country, visit www.minitab.com/contacts.

Training by Minitab™ maximizes your ability to improve quality. It helps you make more
effective business decisions by teaching you how to analyze your data with Minitab®
Statistical Software and manage your projects using Quality Companion by Minitab™.

Our specialists are highly skilled in Minitab software, statistics, quality improvement, and
computer systems. Minitab subsidiaries and Independent Local Representatives around
the world offer technical support by phone in their local language.

Mentoring by Minitab™ makes it easier to implement cost-saving quality improvement
initiatives by providing the statistical support you need, just when you need it. We even
begin with a free consultation.
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owners. See www.minitab.com for more information.
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