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What's New in Versions 9.0 & 9.1

See SigmaXL Version 9.1 Feature List Summary for a complete feature list summary.

New features in SigmaXL Version 9.1 include:

e Statistical Tools > Advanced Multiple Regression > Fit Multiple Regression Model

(@)

O O O O O O O O O O O O o

(@)

O O O O

Standardization and coding of continuous predictors
Option to display regression equation with unstandardized coefficients
(1, 0) or (-1,0,+1) coding of categorical predictors
Box-Cox Transformation
Specify confidence level
Residual Plots: Regular, Standardized and Studentized — Deleted t
Diagnostic measures: Cook's Distance (Influence), Leverage and DFITS
Storage of model design matrix
Main Effects and Interaction Plots (Fitted Means)
Contour and Surface Plots
Optimization with optional constraints including integer continuous
Automatic removal of extreme VIF or collinear terms (with alias and removal report)
Specify interactions, quadratic and higher orders (all interactions or up to 3-Way)
ANOVA Type | and/or Type Il Sum-of-Squares with Pareto of Percent Contribution
and Standardized Effects
Lenth Pseudo Standard Error for Saturated Models (Orthogonal or Non-Orthogonal)
with Monte Carlo or Student T P-Values
Specify Test/Withhold Sample for R-square Test & StDev Test Validation
R-Square Predicted (Leave-One-Out Cross Validation)
R-Square K-Fold & StDev K-Fold (K-Fold Cross Validation)
Test for Constant Variance: Breusch-Pagan. Anderson-Darling Normality test is
applied to residuals in order to automatically select Normal or Koenker (Robust)
version. Report includes the Overall test and Individual predictors as well.
White robust standard errors for non-constant variance (Heteroskedasticity-
Consistent)
Durbin-Watson test for autocorrelation in residuals with P-Values
Newey-West robust standard errors for non-constant variance with autocorrelation
(Heteroskedasticity and Autocorrelation-Consistent)
White or Newey-West automatically selected based on Durbin-Watson P-Values
Stepwise/Best Subsets Regression:
= Forward/Backward with alpha-to-enter, alpha-to-remove
= Forward Selection with alpha-to-enter
= Backward Elimination with alpha-to-remove
= Forward, Backward Criterion: Minimize AlCc, BIC; Maximize R-Square
Adjusted, R-Square Predicted, R-Square K-Fold
= Best Subsets utilizes the powerful MIDACO Solver (Mixed Integer Distributed
Ant Colony Optimization) to solve best subsets with up to hundreds of
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continuous or categorical variables, including interactions and higher order
terms. This feature gives SigmaXL a significant advantage over competitors
with Best Subsets limited to 30 continuous variables.

= Best Subsets Criterion: Minimize AlCc, BIC; Maximize R-Square Adjusted

= Hierarchical option

= Detailed report with additional statistics such as Condition Number and
Mallows’ Cp.

e Statistical Tools > Advanced Multiple Regression > Multiple Response Optimization

o Multiple Response Optimization with Desirability
= Multistart Nelder-Mead Simplex
= MIDACO

® Help > What Graphical Tool should | use?
o Summary of SigmaXL Graphical Tools

® Help > What Statistical Tool should | use?
o Summary of SigmaXL Statistical Tools
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New features in SigmaXL Version 9.01 include:

e Data Manipulation > Convert to Discrete
o Utility to convert continuous data to discrete using percentile based equal frequency
o Useful for graphical and statistical tools that require group category variables

e Graphical Tools > Multiple X Boxplots
o Create Boxplots with one Y variable and multiple group category X’s. A row of
boxplots will be created, one for each X variable.
o Useful for easy comparison of the effect of each category X, including those that
have been converted from continuous to discrete

New features in SigmaXL Version 9.0 include:

® Powerful and Easy-to-Use Time Series Forecasting and Control Charts for Autocorrelated
Data
*
v
Time Series
Forecasting -

Run Chart
Autocorrelation Function (ACF)/Partial Autocorrelation (PACF) Plots
Cross Correlation (CCF) Plots with Pre-Whiten Data option
Seasonal Trend Decomposition Plots
Spectral Density Plot with Detection of Seasonal Frequency
Exponential Smoothing:
= Forecast with Prediction Intervals
= Exponential Smoothing models use Rob Hyndman’s taxonomy:
e Additive/Multiplicative Error
e Additive/Additive Damped Trend
e Additive/Multiplicative Seasonal
e Thisincludes all of the classical exponential smoothing models such as
Simple/Single/EWMA, Double and Holt-Winters
= Multiple Seasonal Decomposition (MSD) option
e Useful for high frequency and/or multiple frequency data, such as
Monthly with frequency = 12, Daily with frequency = 7 and Hourly
with frequency = 24
o Exponential Smoothing Residuals Control Chart for autocorrelated data:
= |ndividuals and Moving Limits (with One-Step Ahead Forecast) Charts

O O O O O O

= MSD option
o Autoregressive Integrated Moving Average (ARIMA):
= Forecast with Prediction Intervals
= ARIMA Forecast with Predictors (Continuous and/or Categorical)
=  MSD option
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o ARIMA Residuals Control Chart for autocorrelated data:
= |ndividuals and Moving Limits (with One-Step Ahead Forecast) Charts
= ARIMA Control Chart with Predictors
= Add Data, Show Last 30 Data Points, Enable Scroll options

=  MSD option

o Utilities:
= Difference Data
= Lag Data

= Interpolate Missing Values (seasonally adjusted linear interpolation)
o Time Series Forecasting Model Features:
= ARIMA and Exponential Smoothing models are fully automatic or user
specified
= Utilizes modern State Space and Kalman Filter models for accurate
parameter estimation
= ARIMA estimates missing values with Kalman Filter; Exponential Smoothing
uses seasonally adjusted linear interpolation
= Automatic Box-Cox Transformation
=  Automatic seasonal frequency detection
o Model Diagnostics:
= ACF/PACF Plots
= Ljung-Box p-values
= Log-Likelihood, AIC, AICc, BIC, Residual StDev.
= Residual plots (histogram, normal probability, residual versus fits, residuals
versus order)
o Forecast Accuracy:
= |n-Sample (Estimation) one-step-ahead forecast errors (RMSE, MAE, MASE,
MAPE)
= Qut-of-Sample (Withhold) one-step-ahead forecast errors
= Qut-of-Sample (Withhold) multi-step-ahead forecast errors
= Evaluated using the benchmark standard M4 forecast competition data, a
total of 100,000 data sets with Yearly, Quarterly, Monthly, Weekly, Daily and
Hourly data. Using a hybrid average of automatic Exponential Smoothing and
ARIMA, SigmaXL (unofficially) ranked 10th out of 60 in the Overall Weighted
Average forecast accuracy score, ahead of three well known commercial
forecast software packages.

New and Improved Control Charts
o New Control Chart Templates

= Rare Events G and T (Provost-Murray approximation)
= Rare Events Probability-Based G
= Trend/Tool Wear
= Exponentially Weighted Moving Average (EWMA)
= Tabular Cumulative Sum (CUSUM)
= Average Run Length (ARL) Calculators
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e Shewhart with Tests for Special Causes
o Attribute C& P
e EWMA & CUSUM
e Markov Chain Approximation - fast and accurate
e Monte Carlo Simulation - additional Run Length statistics: Standard
Deviation and Percentiles
e Test robustness to non-normality with specified Skewness & Kurtosis
o Tests for Special Causes now supported for menu-based control charts:
= Varying Subgroup Sizes (Moving Limits)
= Historical Groups
= MR/Range/StDev Charts (Tests 1-4)
o Anderson-Darling P-Value in Control Chart Process Capability Report
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Activating SigmaXL

Please proceed with the following steps if you have a valid serial number and your computer is
connected to the Internet. If you do not have an Internet connection, please email
Support@SigmaXL.com from a different system or call 1-888-SigmaXL (1-888-744-6295) or 1-519-
579-5877.

If your trial has timed out and you do not have a serial number but wish to purchase a SigmaXL
license, please click Purchase SigmaXL in the Activation Wizard Box and this will take you to
SigmaXL's order page http://www.sigmaxl.com/Order%20SigmaXL.shtml. You can also call 1-888-
SigmaXL (1-888-744-6295) or 1-519-579-5877 to place an order.

1. In the Activation Wizard box select Activate SigmaXL (Enter a serial number.)

You have 9 days left on the trial version of SigmaXL.

{* {Activate SigmaXL (Enter a serial number.)!

" Purchase SigmaXL
" Start SigmaXL Trial Version

Activation Help

2. Click Next. Enter your serial number. We recommend that you copy and paste the serial
number into the serial number field to avoid typos.

Activate SigmaXL

Welcome to the SigmaXL Activation Wizard.
This wizard will connect to the internet and contact our
server.

Enter your Serial Number below {to copy use ctrl-c and
to paste use ctrl-v) and click Activate to continue.

I SO EOOM OO EONMOENNN]

Activate Cancel
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3. Click Next. The activation process continues and is confirmed as shown:

Activated successfully!

4. Click OK. In Excel 2013+ for Windows or Excel 2016+ for Mac, SigmaXL appears as a new
Ribbon:

File Home Insert Page Layout Formulas Data Review View Developer  Add-ins Help SigmaXL SigmaXL Chart Tools Q Tell me what you want to do
< Y=1(X) i G
i i J
= h. % ® A & W ?
Data Templatesand =~ Graphical = Statistical Measurement Process Design of Control Reliability/ Time Series Recall SigmaXL Help
Manipulation ~ Calculators ~ Tools ~ Tools ~ Systems Analysis - = Capability - Experiments -~ Charts -~ Weibull Analysis = Forecasting ~ Dialog o
Recall Help
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1.

2.

3.

Error Messages

Incorrect Serial Number:

The key is not valid. Make sure you copy and paste the exact key we sent you.

This is due to an incorrect serial number entry in the previous registration window — click OK
and please reenter your serial number.

Serial Number Used in Previous Activation:

The product key has already been activated with the maximum number of
computers,

The license is currently activated on the maximum allowable number of computers. You will
need to deactivate SigmaXL from your old computer while connected to the Internet. To
deactivate a SigmaXL license go to SigmaXL > Help > Deactivate SigmaXL.

Internet Connection Problem:

Connection to the server failed.
You will need to perform a Manual Activation.

Press the Help button below to view a complete walkthrough,

Help

If you do not have an Internet connection, please email Support@SigmaXL.com from a different
system or call 1-888-SigmaXL (1-888-744-6295) or 1-519-579-5877.
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SigmaXL® Defaults and Menu Options

Clear Saved Defaults

Clear Saved Defaults will reset all saved defaults such as Pareto and Multi-Vari Chart settings,
saved control limits, and dialog box settings. All settings are restored to the original installation
defaults.

Click SigmaXL > Help > SigmaXL Defaults > Clear Saved Defaults. A warning message is given prior
to clearing saved defaults.

i This will dear all of your Saved Defaults and Dialog Box settings, restoring SigmaXL to original defaults,
’ Are you sure you want to do this?

fes | Mo |

Data Selection Default

The Data Selection Default setting is: Prompt me to select my data range and/or ‘Use Data
Labels’.

’

This can be changed to: Always use my pre-selected data range without prompting. ‘Data Labels
will be used. This setting saves you from having to click Next at the start of every function, but the
user is responsible to ensure that the proper data selection is made prior to starting any menu
item.

Click SigmaXL > Help > SigmaXL Defaults > Data Selection Default to make this change. This will
apply permanently unless you revert back to the Prompt me setting or click Clear Saved Defaults
shown above.

Data Selection Default E'
+ Prompt me to select my data 0K ==
range and/or ‘'Use Data Labels'.
. X Cancel
Always use my pre-selected data
. range without prompting. ‘Data | I
Labels’ will be used. 2
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Menu Options (Classical or DMAIC)

The default SigmaXL menu system groups tools by category, but this can be changed to the Six
Sigma DMAIC format.

Click SigmaXL > Help > SigmaXL Defaults > Menu Options — Set SigmaXL’s Menu to Classical or
DMAIC. The Set Menu dialog allows you to choose between Classical (default) and DMAIC:

Set Menu [‘5_<|

Use SigmaXL's Classical {default) oK ==
* Menu. Tools are grouped by —
category.
Cancel

iUse the 'DMAIC" Menu. Tools are
" ‘grouped by the Six Sigma DMIAL
format. Help

If you select the DMAIC Menu, the DMAIC Menu Ribbon appears as shown (Excel 2013 and newer):

=]

File Home Insert Page Layout Formulas Data Review View Help SigmaXL

=2 o B A & ?

Define | Measure = Analyze | Improve | Control | Recall SigmaXL Help
- - - - - Dialog -

Recall Help

All SigmaXL tools are available with this menu format, but they are categorized using the Six Sigma
DMAIC phase format. Note that some tools will appear in more than one phase.

This workbook uses the classical (default) menu format, but the chapters are organized as
Measure, Analyze, Improve and Control.

11
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SigmaXL® System Requirements

Minimum System Requirements:

Computer and processor: 1.6 gigahertz (GHz) or faster, 2-core.
Memory: 4 GB of RAM or greater.

Hard disk: 1 GB of available hard-disk space.

Display: 1280x768 or higher resolution monitor.

Windows Operating System: Microsoft Windows 10 with current Service Packs, or later operating
system.

Microsoft Windows Excel version: Excel 2013 and newer with latest service packs installed.
Mac Operating System: Three most recent versions of macOS.
Mac Excel Version: Excel 2016 or later with latest service packs installed.

Administrative rights to install software.

12



SigmaXL: What’s New, Installation Notes, Getting Help and Product Registration

Getting Help and Product Registration

To access the help system, please click SigmaXL > Help > Help.

Technical support is available by phone at 1-866-475-2124 (toll-free in North America) or 1-519-
579-5877 or by e-mail support@sigmaxl.com.

Please note that users obtain free technical support and upgrades for one year from date of
purchase. Optional maintenance is available for purchase prior to the anniversary date.

To register by web, simply click SigmaXL > Help > Register SigmaXL.

13
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SigmaXL: Introduction to Data Format and Tools Summary

Introduction

SigmaXL is a powerful but easy to use Excel Add-In that will enable you to Measure, Analyze,
Improve and Control your service, transactional, and manufacturing processes. This is the ideal
cost-effective tool for Six Sigma Green Belts and Black Belts, Quality and Business Professionals,
Engineers, and Managers.

SigmaXL will help you in your problem solving and process improvement efforts by enabling you to
easily slice and dice your data, quickly separating the “vital few” factors from the “trivial many”.
This tool will also help you to identify and validate root causes and sources of variation, which then
helps to ensure that you develop permanent corrective actions and/or improvements.

The Y=£f(X) Model

SigmaXL utilizes the “Y=f(X)” model in its dialog boxes. Y denotes a key process output metric; X
denotes a key process input metric. This process is shown pictorially as:

X Process Y

The mathematical expression Y = f(X) denotes that the variable Y is a function of X. Y can also be
viewed as the effect of interest and X is the cause. For example, Y could be customer satisfaction
as measured on a survey and X could be location or responsiveness to calls (also measured on a
survey). The goal is to figure out which X’'s from among many possible are the key X’s and to what
extent do they impact the Y’s of interest. Solutions and improvements then focus on those key X's.

17
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Data Types: Continuous Versus Discrete

X and Y metrics can each be continuous or discrete. A continuous measure will have readings on a
continuous scale where a mid-point has meaning. For example, in a customer satisfaction survey
using a 1 to 5 score, the value 3.5 has meaning. Survey results may be averaged to obtain non-
integer results. Other examples of continuous measures include cycle time, thickness, and weight.
A discrete measure is categorical in nature. If we have Customer Types 1, 2, and 3, customer type
1.5 has no meaning. Other examples of discrete measures include defect counts and number of
customer complaints.

It is possible to have various combinations of discrete/continuous X’s and discrete/continuous Y’s.
Some examples are given below:

Examples of Discrete (Category) X and Discrete Y
e X =Customer Type, Y = Number of Complaints
e X =Product Type, Y = Number of Defects
e X = Day Shift vs. Night Shift, Y = Proportion of Defective Units
Examples of Discrete (Category) X and Continuous Y
e X = Customer Type, Y = Customer Satisfaction (1-5)
e X = Before Improvement vs. After Improvement, Y = Customer Satisfaction (1-5)
e X =Llocation, Y = Order to Delivery Time
Examples of Continuous X and Discrete Y
e X = Responsiveness to Calls (1-5), Y = Number of Complaints
e X =Process Temperature, Y = Number of Defects
Examples of Continuous X and Continuous Y
e X = Responsiveness to Calls (1-5), Y = Customer Satisfaction (1-5)
e X =Amount of Loan (S), Y = Cycle Time (Loan Application to Approval)

Note that in SigmaXL, a discrete X can be text or numeric, but a continuous X must be numeric. Y’s
must be numeric. If Y is discrete, count data will be required. If the data of interest is discrete text,
it should be referenced as X1 and SigmaXL will automatically search through the text data to obtain
a count (applicable for Pareto, Chi-Square and EZ-Pivot tools).

18
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Stacked Data Column Format versus Unstacked Multiple Column
Format

SigmaXL can accommodate two data formats: stacked column and unstacked multiple column.
The stacked column format has an X column also referred to as the “Group Category” column and a
Y column that contains the data of interest. The following is an example of data in stacked column
format, with three unique groups of Customer Type:

Customer Type (%) Overall Satisfaction ()

Type 2 3.5
Type 3 3.2
Type 3 3.3
Type 2 41
Type 1 3.2
Type 1 29
Type 1 1.9
Type 2 37
Type 3 4.0
Type 1 2.0
Type 3 2.6
Type 1 3.0
Type 2 41
Type 3 3.5
Type 2 50
Type 2 4.0
Type 3 4.4
Type 2 4.6
Type 1 2.5

If the data is in unstacked multiple column format, each unique group of X corresponds to a
different column. The above data is now shown in unstacked format with customer satisfaction
scores for each customer type in separate columns:

Sat Type 1 Sat Type 2 Sat Type 3

3.2 35 3.2
29 41 3.3
1.9 3T 4
2 41 26
3 5 35
2.5 4 44
485 4.2
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SigmaXL: Measure Phase Tools

Part A - Basic Data Manipulation

Introduction to Basic Data Manipulation

Open Customer Data.xlsx (to access, click SigmaXL > Help > Sample Data or Start > Programs >
SigmaXL > Sample Data). This data is in stacked column format. This format is highly
recommended for use with SigmaXL. Note that all pertinent information is provided in each record
(row). Also note that only one row is used for column headings (labels) and there are no blank
rows or columns. Each column contains a consistent format of either numeric, text, or date. This is
also the data format used by other major statistical software packages.

Customer Record No  Order Date Customer Type Avg No. of orders per mo | Avg days Order to delivery time  Loyalty - Likely to Overall P to Calls Ease of C Staff Knowledge Size of Customer  Major-Complaint Product Type
1 1/5/2001 2 24 38 4 354 3.02 4.07 1.65 Small Retum-calls  Consumer
2 1/5/2001 3 36.4 42 4 3.16 321 311 3.8 Large Difficult-to-order Consumer
3 1/5/2001 2 328 44 2 242 1.93 29 2.88 Small Retum-calls  Manufacturer
4 1/5/2001 2 476 48 3 27 1.88 252 4.08 Large Difficult-to-order Manufacturer
5 1/5/2001 3 30.6 51 3 331 375 2.86 3.88 Small Not-available  Consumer
6 1/5/2001 2 522 55 4 4.12 431 3.93 112 Large Retum-calls  Consumer
7 1/5/2001 1 358 49 4 324 4.06 242 4.64 Large Retum-calls  Manufacturer
8 1/5/2001 2 36.5 39 4 4.47 475 42 4.98 Large Retum-calls  Manufacturer
9 1/5/2001 2 39.9 44 4 383 3.18 4.48 3.16 Large Difficult-to-order Consumer
10 1/5/2001 1 28 43 3 294 2.03 3.85 4.01 Small Retum-calls  Consumer
11 1/8/2001 2 259 44 3 324 3.05 4.43 4.72 Small Retum-calls  Manufacturer
12 1/8/2001 2 23.9 50 3 4.18 367 4.69 4.86 Small Difficult-to-order Manufacturer
13 1/8/2001 2 37.9 58 5 453 429 477 1.9 Large Retum-calls  Consumer

Note that Loyalty, Overall Satisfaction, Responsive to Calls, Ease of Communications, and Staff
Knowledge were obtained from surveys. A Likert scale of 1 to 5 was used, with 1 being very
dissatisfied, and 5 very satisfied. Survey results were averaged to obtain non-integer results.

Category Subset

1. Click SigmaXL > Data Manipulation > Category Subset.

2. If you are working with a portion of a dataset, specify the appropriate range, otherwise check
Use Entire Data Table.

Category Subset [Em]
Please select your data
$A%1:8N$101 J

Data Table Format
v Use Data Labels

[ Use Entire Data Table

Help ‘ Cancel ‘

3. Click Next.
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4. Select Customer Type, 1, >> as shown:

Category Subset Selection ['5_<|
Column Headings Available Categories selected Categories
Custamer Type .
3 DK==
Cancel
Help
<< Remove

* Include Rows

" Exclude Rows

5. Click OK.

A new subset worksheet is created containing only Customer Type 1.
Note: We could have chosen more than one Customer Type and had the option to create a
subset which included or excluded these Customer Types.

Random Subset

1. Click Sheet 1 Tab of Customer Data.xlsx.
2. Click SigmaXL > Data Manipulation > Random Subset.
3. Ensure that the entire data table is selected. If not, check Use Entire Data Table. Click Next.

4. Enter Number of Rows in Random Subset as 30. The default Sort Data selection is Original
Order.

Random, Subset [5_(|

Mumber of Rows in 30|

Random Subset oK ==

Cancel
Sort Data
{* Driginal Order
" Random Order

Help
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5. Click OK. A new worksheet is created that contains a random subset of 30 rows.
This feature is useful for data collection to ensure a random sample, e.g., given a list of
transaction numbers select a random sample of 30 transactions.

Numerical Subset

1. Click Sheet 1 Tab of Customer Data.xlIsx.

N

Click SigmaXL > Data Manipulation > Numerical Subset.

w

Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

4. Select Overall Satisfaction, >=, Enter Value as 4.

MNumerical Subset Selection E'
Numerical ¥alue | Greater Than or Equal To | 4 oK
(1] 45

Customer Record Mo Enter Yalue
Customer Type i = Cancel
Avg Mo, of arders per =
&vg days Order to deli %
Lo alt LiI to Recc Help
Cverall Satisfaction o ==
Responsive to Calls
Ease of Cormmunication = [ Include Missing
Staff Knowledge =
sat-Discrete < * Include Rows

(<= " Exclude Rows

5. Click OK.

A new subset worksheet is created containing only those rows with Overall Satisfaction >= 4.

Date Subset

1. Click Sheet 1 Tab of Customer Data.xlsx.
2. Click SigmaXL > Data Manipulation > Date Subset.

3. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.
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4.

Select Order Date, select 1/9/2016, click Start Date, select 1/12/2016, click End Date.

[Drate Subset Selection

Column Headings Awvailable Dates

Order Date 152016 Start Date | 1942016 0K »»
1/8/2016
1902016 Cancel
1/10/2016 1 | 11202018 =
112016 -
1|l'l1 ::_'III'I::_"E” 5] ﬂEIp
1115/2016 ' Include Dates —

<< Remove " Exclude Dates

Click OK. A new subset worksheet is created containing only those rows with Order Date
between 1/9/2016 to 1/12/2016.

Transpose Data

Open Catapult Data Row Format.xlsx.
Manually select the entire data table if the data is not already selected.
Click SigmaXL > Data Manipulation > Transpose Data.

This will transpose rows to columns or columns to rows. It is equivalent to Copy, Paste Special,
Transpose.

Stack Subgroups Across Rows

1.

Now we will stack the subgroups across rows for the transposed data. Ensure that the
Transposed Data Sheet of Catapult Data Row Format.xlsx is active.

Click SigmaXL > Data Manipulation > Stack Subgroups Across Rows.
Check Use Entire Data Table, click Next.

Click on Shot 1. Shift Click on Shot 3 to highlight the three columns of interest.
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Stack Subgroups Across Rows F5_<|

Subgroup Mo
Operator

‘ oK =3 |
Cancel

Help |

Mumeric Data Yariables (¥} ==

Stacked Data (¥) Column Heading {Optional): |

Category (X) Column Heading {(Optional):

Additional Category Columns (X) == ‘

<< Remove

5. Click Numeric Data Variables (Y) >> to select Shot 1 to Shot 3. Enter Distance as the Stacked
Data (Y) Column Heading and Shot No as the Category (X) Column Heading. Select Operator,
click Additional Category Columns (X) >>:

Stack Subgroups Across Rows E|
Subgroup Mo Shot 1 p—
Mumeric Data Yariables (¥) = ‘ Shot 2 -
Shot 3
Cancel
Help |
Stacked Data (¥) Column Heading {Dptional): | Distance

Category {X) Column Heading {Optional): Shot Mo

| Additional Category Columns (X} >> |

=< Remove

Note that any selected column may be removed by highlighting and double-clicking or clicking
the Remove button.

6. Click OK. The resulting stacked data is shown:
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Operator Shot No |Distance

John
John
John
boe
Moe
boe
Sally
Sally
Sally
Sue
SUe
Sue
Oiavid
David
Oiavid

Stack Columns

Shat 1
Shat 2
Shat 3
Shot 1
Shat 2
Shat 3
Shot 1
Shat 2
Shat 3
Shot 1
Shat 2
Shat 3
Shot 1
Shat 2
Shat 3

105
104
45
105
45
)
96
2]
45
102
105
103
100
= a]
100

1. Open Customer Satisfaction Unstacked.xlsx.

2. Click SigmaXL > Data Manipulation > Stack Columns.

3. Check Use Entire Data Table, click Next.

4. Shift Click on Overall Satisfaction_3 to highlight all three column names. Click Select Columns
>>. Enter the Stacked Data (Y) Column Heading (Optional) as Overall Satisfaction. Enter the
Category (X) Column Heading (Optional) as Customer Type.

Stack Columns

Crverall Satisfaction_1
Dverall Satisfacton_?

Select Columns >>

I/\\s << Remove |

Cwverall Satisfaction 3

Stacked Data (Y) Column Heading (Optional): I Crverall Satisfaction

OK >>

Cancel

i

Help

Category (¥) Column Heading (Optional): I Customer Typel

5. Click OK. Shown is the resulting stacked column format:
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Customer Type Overall Satisfaction
Qverall Satisfaction_1

Qverall Satisfaction_1 294
Qverall Satisfaction_1 1.86
Qverall Satisfaction_1 2.04
Qverall Satisfaction_1 2.96
Qverall Satisfaction_1 253
Qverall Satisfaction_1 4.67
Qverall Satisfaction_1 4.67
Qverall Satisfaction_1 257
Qverall Satisfaction_1 3.09
Overall Satisfaction_1 35T
Qverall Satisfaction_1 425
Qverall Satisfaction_1 4.0
Overall Satisfaction_1 3.58
Qverall Satisfaction_1 382
Qverall Satisfaction_1 38
Qverall Satisfaction_1 281
Qverall Satisfaction_1 399
Qverall Satisfaction_1 4.15
Qverall Satisfaction_1 356
Qverall Satisfaction_1 326
Qverall Satisfaction_1 4.8
Qverall Satisfaction_1 1.72
Qverall Satisfaction_1 3.01
Qverall Satisfaction_1 2.65
Overall Satisfaction_1 3.92
Qverall Satisfaction_1 424
Qverall Satisfaction_1 3.97
Qverall Satisfaction_1 4.02
Qverall Satisfaction_1 256
Qverall Satisfaction_1 29
Qverall Satisfaction_2 3.54
Qverall Satisfaction_2 242
Qverall Satisfaction_2 27

6. Data that is in stacked column format can be unstacked using Data Manipulation > Unstack
Columns.

Random Data

The normal random data generator is used to produce normal random data. Column headings are
automatically created with Mean and Standard Deviation values (e.g. 1: Mean = 0; StDev = 1). This
utility works with Recall SigmaXL Dialog (F3) to append columns to the current Normal Random

Data worksheet. An example is shown in Measure Phase Tools, Part G — Normal Probability Plots.

Additional random number generators include Uniform (Continuous & Integer), Lognormal,
Exponential, Weibull and Triangular. The column headings show the specified parameter values.

Box-Cox Transformation

This tool is used to convert nonnormal data to normal by applying a power transformation.
Examples of use are given in Measure Phase Tools, Part J — Process Capability for Nonnormal Data
and Control Phase Tools, Part A — Individuals Charts for Nonnormal Data.
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Standardize Data

This tool is used to Standardize ((Yi — Mean)/StDev) or Code (Ymax = +1, Ymin =-1) your data. This
is particularly useful when performing Multiple Regression. Standardized Predictors have better
statistical properties. For example, the importance of model coefficients can be determined by the
relative size because units are removed. Another statistical benefit is reduced multicollinearity
when investigating two-factor interactions.

1. Click Sheet 1 Tab of Customer Data.xlsx.
2. Click SigmaXL > Data Manipulation > Standardize Data.
3. Ensure that the entire data table is selected. If not, check Use Entire Data Table. Click Next.

4. Select Responsive to Calls and Ease of Communications and click Numeric (Y) Columns to
Standardize >>

Standardize Data

Custorner Record Mo - : Responsive to Calls
Customer Type Numeric (¥} Columns to Standardize :=:=§| Ease of Communication 0K =
avg Mo, of orders per
Avg days Order to deli
Loyalty - Likely to Rect

Owerall Satisfaction << Remove |

Cancel

Jid]

Help

Staff Knowledge
Sat-Discrete

{+ standardize ({Yi- Mean),StDev)
" Coded {Ymax = +1, Ymin =-1)

5. Click OK. The results are given on the Standardize sheet:

-Responsive to Calls Responsive to Calls Standardize Ease of Communications Ease of Communications_Standardize

3.02 -0.740511661 4.07 0.353207538
3.21 -0.573857763 3.11 -0.700161496
1.93 -1.696406629 29 -0.93058606
1.83 1.7 40255022 2482 -1.347544794
3.75 -0.100325123 2.86 -0.97 4476453

4.31 0.390776879 3.93 0.199591563
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Convert to Discrete

This tool is used to convert continuous data to discrete (a.k.a. discretization) using percentile based
equal frequency. It is useful for graphical and statistical tools that require group category variables.

The percentiles are selected to produce the specified number of discrete levels. For example, with
the default number of discrete levels = 4, SigmaXL uses the 25" percentile, 50" percentile and 75"
percentile as bin intervals. The numerical values are converted as follows:

Minimum to < 25" percentile -> 1

25 percentile to < 50t" percentile -> 2
50t percentile to < 75t percentile -> 3
75% percentile to Maximum -> 4

These percentiles will produce an approximate equal frequency if the data are continuous. Ties will

result in some unequal frequency counts.

1. Click Sheet 1 Tab of Customer Data.xlIsx.

2. Click SigmaXL > Data Manipulation > Convert to Discrete. Ensure that the entire data table is
selected. If not, check Use Entire Data Table. Click Next.

3. Select Responsive to Calls, Ease of Communications and Staff Knowledge. Click Numeric Data

Variables (Y) >>

Convert to Discrete (Percentile Based Equal Frequency)

X

Custormer Record No |

Order Date Numeric Data Variables () >>

Custormer Type

A Mo, of arders per
Awg days Order to de
Lowalty - Likely to Rec
Dwerall Satisfaction
Size of Customer
tajor-Complaint
Product Type
Sat-Discrete

<< Remove |

Number of Discrete Levels: | 4

Responsive to Calls

Ease of Communicati

Staff Knowledge
Cancel

it

Help

4. Click OK. The results are given on the Convert to Discrete sheet:

Responsive to Calls Ease of Communications Staff Knowledge Responsive to Calls_discrete Ease of Communications_discrete Staff Knowledge_discrete

joz 4.07 1.65 2
in in 3 2
193 29 288 1
1.88 2452 4.08 1
375 2.86 3.88 2
4.3 393 1.12 2
4.06 242 4.64 2
4.75 42 4.98 3
318 4.48 316 2
2.03 3.85 4.01 1
3.05 443 472 2
367 4.69 4.86 2
4.29 477 1.9 2
303 342 4.02 2
223 148 3.96 1
273 46 388 1

[ 4.03 334 4
11 297 392 1
499 361 5 4

[ I T e O o U PR I I R Sy 1)
PR R T Nl I Sy S R
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Data Preparation - Remove Blank Rows and Columns

This data preparation utility is provided as a convenient way to prepare data for analysis by
deleting any empty rows and/or columns.

1. Open Customer Data.xIsx. Click Sheet 1 Tab.
2. Insert a new column in B; Click Column B heading, Right-Click > Insert > Columns.
3. Insert a new row in row 2. Click Row 2 label, Right-Click > Insert > Rows as shown:

A B & D
Customer Record No Order Date Customer Type

1/5/2016
1/5/2016
1/5/2016
1/5/2016
1/5/2016
1/5/2016
1/5/2016
1/5/2016
1/5/2016
1/5/2016

— -

N2 ©®NOUAWN =
O Oo NP WN -
SNN 2NN WN

—_

4. This is now an example of a data set that requires deletion of empty rows and columns. Click
SigmaXL >Data Manipulation >Data Preparation >Remove Blank Rows and Columns.

5. Check Delete Empty Rows and Delete Empty Columns.

Data Preparation r‘s_(|

v Delete Empty Rows

v Delete Empty Columns

Help ‘ Cancel | 0K ==

6. Click OK. A warning message is given prior to the deletion step.

Microsoft Excel X

This action CAMMNOT be undone. Continue?

Yes Mo ‘

7. Click Yes. The empty rows and columns are deleted automatically.
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A B C
1 [Customer Record MolOrder Date Customer Type 4
1/5/2001 2
1/5/2001
1/5/2001
1/5/2001
1/5/2001
1/5/2001
1/5/2001
1/5/2001
1/5/2001
1/5/2001

[F=R =R R RS N N PR N

— —

e

s

D 00 = O M e L R —
N L R % R L R R

Data Preparation - Change Text Data Format to Numeric

This Data Preparation utility will convert data that represents numeric values but are currently in
text format. This sometimes occurs when importing data into Excel from another application or
text file.

Recall SigmaXL Dialog

Recall SigmaXL Dialog is used to activate the last data worksheet and recall the last dialog, making
it very easy to do repetitive analysis. To access, in Excel 2013 and newer, click the Recall SigmaXL
Dialog menu button as shown below:

Fecall SigmaXL
Dialog

Recall

Alternatively, you can use the Hot Key F3 (not available in Excel Mac). This feature can also be
accessed by clicking SigmaXL > Help > Hot Keys > Recall SigmaXL Dialog.

Note that Recall SigmaXL Dialog may not be available for all functions.

Activate Last Worksheet

Activate Last Worksheet is used to activate the last data worksheet without recalling the dialog. To
access, press hot key F4 (not available in Excel Mac). This feature can also be accessed by clicking
SigmaXL > Help > Hot Keys > Activate Last Sheet.
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Part B - Templates & Calculators

Introduction to Templates & Calculators

To use SigmaXL templates, select the appropriate template, enter the inputs and the resulting
outputs are produced immediately. If the template does not automatically perform the
calculations, click Excel Formulas > Calculation Options and select Automatic or simply click
Formulas > Calculate Now. Alternatively, you can click File > Options > Formulas, select Workbook
Calculation, Automatic, and click OK.

Some Templates and Calculators are protected worksheets, but this may be modified by clicking
SigmaXL > Help > Unprotect Worksheet. Alternatively, you can click Excel File > Info > Unprotect or
Home > Format > Unprotect Sheet.

Click SigmaXL > Templates & Calculators to access the templates and calculators. Basic Graphical
Templates can also be accessed by clicking SigmaXL > Graphical Tools > Basic Graphical Templates.
Basic Statistical Templates can be accessed by clicking SigmaXL > Statistical Tools > Basic Statistical
Templates. Basic MSA Templates can be accessed by clicking SigmaXL > Measurement Systems
Analysis > Basic MSA Templates. Basic Process Capability Templates can be accessed by clicking
SigmaXL > Process Capability > Basic Process Capability Templates. Basic DOE Templates can also
be accessed by clicking SigmaXL > Design of Experiments > Basic DOE Templates. Basic Taguchi
DOE Templates can also be accessed by clicking SigmaXL > Design of Experiments > Basic Taguchi
DOE Templates. Basic Control Chart Templates can also be accessed by clicking SigmaXL > Control
Charts > Basic Control Chart Templates.
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SigmaXL Templates & Calculators

« DMAIC & DFSS Templates:
o Team/Project Charter
o SIPOC Diagram
o Data Measurement Plan
o Cause & Effect (Fishbone) Diagram and Quick Template
o Cause & Effect (XY) Matrix
o Failure Mode & Effects Analysis (FMEA)
o Quality Function Deployment (QFD)
o Pugh Concept Selection Matrix

o Control Plan

e Lean Templates:
o Takt Time Calculator
o Value Analysis/Process Load Balance

o Value Stream Mapping

e Basic Graphical Templates:

o Pareto Chart, Histogram and Run Chart

¢ Basic Statistical Templates:
o Sample Size — Discrete and Continuous
o Minimum Sample Size for Robust t-Tests and ANOVA
o 1 Sample Z-Test and Confidence Interval for Mean
o 1 Sample t-Test and Confidence Interval for Mean
o 2 Sample t-Test and Confidence Interval (Compare 2 Means)
o 1 Sample Equivalence Test for Mean
o 2 Sample Equivalence Test (Compare 2 Means)
o 1 Sample Chi-Square Test and CI for Standard Deviation
o 2 Sample F-Test and CI (Compare 2 Standard Deviations)

o 1 Proportion Test and Confidence Interval
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o 2 Proportions Test and Confidence Interval

o 2 Proportions Equivalence Test

o 1 Poisson Rate Test and Confidence Interval
o 2 Poisson Rates Test and Confidence Interval
o 2 Poisson Rates Equivalence Test

o One-Way Chi-Square Goodness-of-Fit Test

o One-Way Chi-Square Goodness-of-Fit Test Exact

¢ Probability Distribution Calculators:
o Normal, Inverse Normal, Lognormal, Exponential, Weibull

o Binomial, Poisson, Hypergeometric

e Basic MSA Templates:
o Type 1 Gage Study
o Gage Bias and Linearity Study
o Gage R&R Study — with Multi-Vari Analysis

o Attribute Gage R&R (Attribute Agreement Analysis)

e Basic Process Capability Templates:
o Process Sigma Level — Discrete and Continuous
o Process Capability & Confidence Intervals

o Tolerance Interval Calculator (Normal Exact)

e Basic DOE Templates:

o 2 to 5 Factors; Main Effects & Interaction Plots

e Basic Taguchi DOE Templates:

o Taguchi L4, L8, L9, L12, L16, L18, L27

¢ Control Chart Templates:
o Basic: Individuals, C (Count)
o Rare Events: G, T, Prob G
o Time Weighted: EWMA, CUSUM
o Trend

o Average Run Length (ARL) Calculators: Shewhart, Attribute P & C, EWMA, CUSUM
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Team/Project Charter

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Team/Project Charter to
access the Team/Project Charter template.

TEAM/PROJECT CHARTER

Project Name:

Date {Last Revision):
Prepared By:
Approved By:

Business Case: Opportunity Statement (High Level Problem Statement):
Defect Definition:
Goal Statement: Project Scope:

Process Start Point:

Process End Point:

Expected Savings/Benefits: In Scope:
Qut of Scope:
Project Plan: Team:
TaskiPhase Start Date | End Date | Actual End JMame: Role: Commitment (%)
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SIPOC Diagram

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > SIPOC Diagram to access
the SIPOC Diagram template.

SIPOC DIAGRAM

Process/Project Name:
Date:
Prepared By:
Notes:
Suppliers Inputs Process Cutputs Customers
Input Qutput
Input Requirements Output Requirements
Provider Description (optional) Description (optional) Recipient of Qutput
See High
Level
Process
Steps Below
Start Boundary: End Boundary:
Step 1 = Step 2 — Step 3 —»  Stepd = Step 5

Data Measurement Plan

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Data Measurement Plan to
access the Data Measurement Plan template.

DATA MEASUREMENT PLAN

Froject Name:|

Date:|

Prepared By:|

Type of Data

Data Source

‘Who Will Collect the
2

When Will Data
be Collected?

How Will Data
be Collected?

Is the Measurement
System Capable?

Graphical and/or Statistical
Tools to be Used

and Location

Sample Size

XorY

Operational Definition
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Cause & Effect (Fishbone) Diagram

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Cause & Effect (Fishbone)
Diagram to access the Cause & Effect Diagram form.

CAUSE & EFFECT (FISHBONE) DIAGRAM

Process/Project Name: |
Date:

Prepared By:

Notes:

People Material Environment
Cause Cause Cause
Sub-Cause Sub-Cause Sub-Cause
Cause Cause Cause
Sub-Cause Sub-Cause Sub-Cause
Problem Statement/
Effect
Cause Cause Cause
Sub-Cause Sub-Cause Sub-Cause
Cause Cause Cause
Sub.Cause Sub-Cause Sub-Cause
Method Maf:hmel Measurement
Eauipment

Notes:
1. Overwrite the text in the Cause, Sub-Cause and Problem Statement/Effect as appropriate.
2. Use copy and paste to create additional causes or sub-causes.

3. The arrows with text are grouped. To ungroup use Excel's Draw > Ungroup tool.
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Cause & Effect (Fishbone) Template

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Cause & Effect (Fishbone)
Template to access the Cause & Effect Diagram template.

Cause & Effect (Fishbone) Template

Process/Project Name:
Date:

Prepared By:

Notes:

Fishhone Diagram

Prohlem Statement/Effect: | |

Variahle People Sub Cause 1 Sub Cause 2
#1

25| 85| 23| &5 | 4R | | 25|75

B
[

Variable Method Sub Cause 1 Sub Cause 2
#1

5| 25| 20| &5 |3 [ (L5 [f5

2R
=

Variable Material Sub Cause 1 Suh Cause 2
1

05| 85| 2| & A | |25/

S
[

Simply fill in the template table and click the Fishbone Diagram button to create the diagram.
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Cause & Effect (XY) Matrix Example

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Cause & Effect (XY) Matrix
to access the Cause & Effect (XY) Matrix template.

The following example is given in SigmaXL > Help > Template Examples > C&E Matrix. This is a

simple Cause and Effect Matrix example for a Call Center. If prompted, please ensure that macros

are enabled in order to allow Pareto Charts to be created.

CAUSE & EFFECT (XY) MATRIX

Process/Project Name:
Date:

Performed By:

Notes:

Call Center Example

Qutput Variables (Y's):

Customer
Satisfaction

Y3

Y4 Y5

Y6

Y8 Y9 Y10

Importance Score (1-10):

10

Pareto Chart

Input/Process Variables
(X's)

Table of Association

Scores (X

's to Y's)

Weighted Score

Answer Speed

162

Employee Experience

38

First Time Resolution

9
3
9

30
n

VA

Notes for use of the Cause and Effect Matrix template, also known as the XY Matrix:

1. Weight the Output Variables (Y's) on a scale of 1 to 10 with 10 indicating most important to the

Customer.

For Root Cause Analysis, assign the association/effect multiplier score for each X to Y using a

scale of 0, 1, 3, 9, where 0 = None, 1 = Weak, 3 = Moderate, and 9 = Strong. Initially this
assignment will likely be a team subjective assessment. Data should be collected and the
degree of association should be validated with Graphical and Statistical Tools.

Y using a scale of 1 to 10, with 10 indicating strong association.

Click the Pareto Chart

button to create a Pareto
Chart of Weighted Scores

by Input/Process

Variables:

For Project Selection or Solution Selection, assign the association multiplier score for each X to

230
200
150
100

50

Weighted Score

Pareto Chart

Input/Process Variables (X's)

=}
&

ORI BT =00
CODCODOD0
R e B

2
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Failure Mode & Effects Analysis (FMEA) Example

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Failure Mode & Effects
Analysis (FMEA) template.

The following example is given in SigmaXL > Help > Template Examples > FMEA. This is a simple

Failure Mode and Effects example for Stocking Inventory. If prompted, please ensure that macros

are enabled in order to allow sort by RPN.

Potential Failure Mode & Effects Analysis

. . Process/Product: Stock Inventory
igma FMEA Team:
XL Responsibility:
Prepared By:
Pr
Row Process Steps or |Potential Failure | Potential Effects | Severity | Potential Cause(s) | Occurrence | Current Controls | Detection|  Risk Priority
Number | Product Functions Mode of Failure (1-10) of Failure (1-10) (1-10) | Number (RPN}
Sort | Sort |
Stock Inventory | Stock in wrong | Unable to locate 5 Correct location is 7 Stock checked 9 315
1 location Stock full twice a year
2 Stock Inventory Damaged Insufficient 7 Supplier Defect 3 Incoming 8 168
Stock Inventory Damaged Insufficient 7 Handling Error 5 Standard 9 315
3 product Operating
A
If you hover the mouse cursor over the Severity, Occurrence or Detection heading the
recommended scale will appear as a comment:
[m 1
- Score Severity Guidelines
Severity A Automotive Industry Action Group
(1-10) AIAG [PEMEA dth ed.) Six Sigma
Failure to Meet Safety and/or Regulatory Requirements:
May endanger operator (machine or assembly) without
10| warning Injure a customer of employae Bad
Failure to Meet Safety and/or Regulatory Requirements:
May endanger operator (machine or assembly) with
9|waming Be illegal
Major Disruption: 100% of produd may have to be
8|scrapped. Line shutdown or stop ship Render praduct or sendce unfit for use
Significant Disruption: & portion of the production run may
have to be scrapped. Deviation from primary process
7]induding decreased line speed or added manpower Cause edreme customer dissatisfaction
Moderate Disruption: 100% of production run may have to
fi| be reworked off line and accepted. Result in partial matfunction
Moderate Disruption: A portion of the production run may
5lhave to be rewarked off line and accepted Cause aloss of peformance which is likely to result in a complaint
Moderate Disruption: 100% of production run may have to
4| be reworked in station before it is processed. Cause minor performance loss
Moderate Disruption: 4 portion of the production run may
3|have to be reworked in station before itis processed. Cause a minor nuisance bul can be overcomea with no performance 1058
Minor Disruption: Slight inconvenience to process,
2|operation, or operator. Be unnoticed and have only minor effect on performance
"
1| Mo Effect: No discemible effect Be unnoticed and not affect the performance Good |
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The recommended scales for Severity, Occurrence, and Detection are shown below:

Score Severity Guidelines
Automotive Industry Action Group
AIAG (PEMEA 4th ed.) Six Sigma
Failure to Meet Safety and/or Regulatory Requirements:
May endanger operator {machine or assembly) without
1 0)warning. Injure a customer ar employes
Failure to Meet Safety and/or Regulatory Requirements:
May endanger operator imachine or assembly) with
Qlwarning. Be illagal
Major Disruption: 100% of product may have to be
8| scrapped. Line shutdown or stop ship. Render product or service unfitfar use
Significant Disruption: A portion ofthe praduction run may
have to he scrapped. Deviation from primary process
7|including decreased line speed or added manpower. Cause extreme customer dissatisfaction
Moderate Disruption: 100% of production run may have ta
Bl he rewarked off line and accepted. Resultin partial malfunction
Moderate Disruption: A portion of the production run may
Alhave to he rewarked off line and accepted. Cause aloss of perfarmance which is likely to result in a complaint
Moderate Disruption: 100% of production run may have ta
4|he rewarked in station before itis processed. Cause minar perfarmance loss
Moderate Disruption: A portion of the production run may
3| have to be reworked in station hefare itis processed. Cause a minar nuisance hut can he overcame with no perfarmance loss
Minor Disruption: Slight inconwenience to pracess,
2|operatian, or operatar. Be unnoticed and have only minor effect on performance
1|Mo Effect: Mo discernible effect. Be unnoticed and not affect the perfarmance
Score Occurrence Guidelines
Automotive Industry Action Group
AIAG (PEMEA 4th ed.) Six Sigma
10|VeryHigh: = 100 perthousand; =1 in 10 More than ance per day = 30%
9|High: 50 perthousand; 1in 20 Once every 3-4 days = 30%
2[High: 20 perthousand; 1 in 50 Once every weak = 5%
7[High: 10 perthousand; 1 in 100 Once per month = 1%
G|Moderate; 2 perthousand; 1 in 500 Once every 3 months = 0.03%
A|Moderate; 0.5 per thousand; 1 in 2,000 Once every B months =1 per 10,000
4|Moderate; 0.1 perthousand; 1 in 10,000 Qnce peryear = G per 100,000
3|Low: 0.01 perthousand; 1 in 100,000 Once every 1-3 years = B per million
2 Lowe: = 0.001 perthousand; 1in 1,000,000 Once every 3- years =3 per 10 millian
1|{Very Low: Failure is eliminated thraugh preventive control. | Once every B-100 years = 2 per hillion

Bad

Good

Bad

Good
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Score Detection Guidelines
Automotive Industry Action Group
ARG (PFMEA 4th ed.) Six Sigma

Almost Impossible. Mo detection opportunity: Mo current
10)process control, cannot detect or iz not analyzed. Defect caused by failure iz not detectable Bad
Very Remote, Mot likely to detect st any stage: Failure
Mode andior Error (Cause) iz not easily detected (e,
ranclom audits). Occasional units are checked for defects
Remote. Problem Detection Post Processing: Failure Mode
detection post-processing by operatar through
visualtactilefaudible means. Units are systemstically sampled and inspected

Very Low. Problem Detection &t Source: Failure Mode
detection in-station by operator through
visualtactiefaudible means or post-processing through
uze of attribute gauging (gofmo-go, manual torgue
checkiclicker wrench, etc.). Al units are manually inspected

=]

o0

-]

Low. Problem Detection Post Processing: Failure Mode
detection post-processing by operator through use of
variable gauging or in-station by operator through use of
attribute gauging (gomo-go, manual torgue checkiclicker
werench, etc.). Manual inspection with mistake-proofing modifications

Moderate. Problem Detection st Source: Failure Made or
Errar (Cause) detection in-station by operator through use
of wariable gauging or by automsated cortrols in-station that
will detect dizcrepant part and notify operator (light,
buzzer, etc). Gauging performed on setup and first-piece
check (for set-up causes only). Process is monitored (SPC) and manually inspected
Maoderatehy High. Problem Detection Post Processing:
Failure Mode detection post-processing by automated
contrals that will detect dizcrepant part and lock part to
prevent further processing. SPC s uzed with an immediste reaction to out of contral conditions

High. Problem Detection &t Source: Failure Mode detection
in-station by automated controls that will detect discrepant
part and sutomatically lock part in station to prevent further
processing. SPC as above, 100% inspection surrounding out of control conditions

=z

n

=

L]

Very High. Error Detection andior Problemn Prevention:
Error (Cause) detection in-station by automated controls
that will detect error and prevent discrepant part from
being made. Al units are automatically inspected
Almost Certain. Detection not applicable; Error
Prevention: Error (Cause) prevention as a result of fixture

P

design, maching design or part design. Discrepant parts v
cannat be made because tem has been error-proofed by
1 |processhroduct design. Defect is obvious and can be kept from affecting the customer Good

Click Risk Priority Number (RPN) Sort to sort the rows by RPN in descending order.

Risk Priority
Number (RPN}

Sort I

Click Revised Risk Priority Number Sort to sort the rows by Revised RPN in descending order.

Revised Rigk
Pricrity Mumber

Sort I

Click Row Number Sort to restore the FMEA worksheet to the original row order (ascending).

Fow
Number

Sort I
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Quality Function Deployment (QFD) Example

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Quality Function
Deployment (QFD) > 10 by 10 QFD (or 20 by 20, 30 by 30) to access the Quality Function
Deployment (QFD) template. Enter data as shown.

3+
+ - ++
L tjoe | 1|1
Desired Direction of Impr
Functional Requirements (How): Satisfaction Ratings:
=
Eloalol<|ole|n|olals|E -
Bl E|: E|E|E|E |5 E|E|EE |2 g 2 £ ¢
slS S| S S S S |E 5 S8 51 | B B 3| 3| ¢
slz|5 |5 |5|2|2|8|5|3 |5 (g o Il I I B
El = o & o o o & o g x (e T| T T T £
slz == |= ||z |3 |=|= |z |EE| &| 2| 2| & &
els |=s|s |5 |58 |25 |5 |5 |5 |5 |88 8| B 8| B ¥
sl |8 |8 |8 |2 |58 |5 |8 |8 ([9=] | = 2| = =
; 2l S E E E 5 El E E E S |5 s| s| &| & P
Customer Requirements (What): =] i [ [ind [l [ I [ [l [ L |&% ] (5] (5] o a
. 4 ] 3 e}
¥ Custormner Regquirement 1 3 2 1
. a 9 9 9 9
PN, Custormer Reguirernent 2 4 4 0
2 3 3 1 9
- Customer Reguirement 3 4 3 1
3 9 1 1 9
Customer Reguirement 4 1 3 -2
Custorner Requirement 5 1]
Customer Requirement & 0
Customer Requirement 7 1]
Customer Requirement 8 1]
Custorner Requirement 9 1]
Custorner Reguirement 10 0
Raw Score:] 114 | B6 | 50 | 126 | O 0 0 0 0 0
Rank:| 2 3 4 1 5 5 5 5 & 5
Target:
Upper Spec Limit:
Lower Spec Limit:
Units:
Our Current Performance:
Benchmark A:
Benchmark B:
Difficulty:
Friority to Improwve:
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Scroll down to view the QFD drop-down lists. The values in yellow highlight may be modified, which
changes the available options for the drop-down lists.

Correlations

Strong Positive ++
Positive +
Mone

MNegative -

Strong Megative =

Direction of Improvement

Maximize
Target o]
Minimize

Relationships

MNaone
Weak 1
Moderate 3
Strong 9

Customer Importance Rating

Low

Medium

[230 I [N 1) P

High

Satisfaction Ratings

Low

Medium

= ofna)

High

Difficulty

Very Easy

{501 STy [N =Y

Very Difficult

Priority To Improve

Low Priority

Medium Priority

= foofpal

High Priority
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Pugh Concept Selection Matrix Example

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Pugh Concept Selection
Matrix to access the Pugh Concept Selection Matrix template. Enter data as shown.

Current
Baseline
Key Criteria Weight | Concept A | Concept B | Concept © | Concept D | Concept E | Concept F | Concept G | Concept H| Concept | | Concept J Datum
Criterion 1 4 + S
Criterion 2

Criterion 3

Criterion 4

| |w (W
+ |+ ||+
+ ||+ »w

Criterion 5

Criterion B

Criterion 7

Criterion 8

Criterion 9

Criterion 10
Criterion 11
Criterion 12
Criterion 13
Criterion 14
Criterion 15
Criterion 16
Criterion 17
Criterion 18
Criterion 19
Criterion 20

W W W (o un Lth | | (o v Lth | |w |

Sum of Positives (+): 4
Sum of Negatives(): 0
Sum of Sames (S): 1
Positives - Negatives: 4

N w|o(m
e
SICIEIE]
o|lo|ela
ooo|o
o|o|ole
SICIEIE]
SICIEIE]
o|lo|ela

-]
=

Weighted Sum of Positives (+): 16

Weighted Sum of Negatives {): 0

Weighted Sum of Sames (5): 3 11 12

Weighted Positives - Weighted Negatives: 16 8 7

=
-

olo|a|e
olo|o|e
olo|o|e
olo|o|e
olo|a|e
olo|a|e
olo|o|e

The Current Baseline Datum is a reference column provided for convenience; it is not used in the
calculations.

Scroll down to view the Weights and Concept Selection drop-down lists. The values in yellow
highlight may be modified, which changes the available options for the drop-down lists.

Weights

Low 1

2
Medium 3

4
High 5

Concept Selection

Positive (1) +
Same (0) S
MNegative (-1) =
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Control Plan

Click SigmaXL > Templates & Calculators > DMAIC & DFSS Templates > Control Plan to access the
Control Plan template.

CONTROL PLAN

Project Name:

Process

Date:

Revision:

Prepared By
Approved By

Evaluation/
Key X (control) o ProductProcess Measurement %P/Total (R&R) Contingency Action
Process Step Indicator Y (monitor) ifications/Target Technique %P/Tolerance Sample Size Sample Frequency ibili Control Method an Misc. Information
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Lean - Takt Time Calculator Example

Click SigmaXL > Templates & Calculators > Lean > Takt Time Calculator to access the Takt Time
calculator. The template gives the following default example:

SigmaXL Lean Templates: Takt Time Calculator

Daily Customer Demand: units per day | 22|
Scheduled Work: hours per shift | 3|
Shifts per Day: | 2|
Lunch: minutes per shift | 30|
Breaks: minutes per shift | 30|
Planned Downtime: minutes per shift | 30|
StaffiflOperator Cycle Time: minutes per unit | 2261
Available Time: minutes per day | ?30.0|
Takt Time: minutes per unit | 35.5|
Required Number of StafflOperators: | G.4|
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Lean - Value Analyvsis/Process Load Balance

Click SigmaXL > Templates & Calculators > Lean > Value Analysis/Process Load Balance to access
the Value Analysis/Process Load Balance template. The template gives the following default
example:

SigmaXL Lean Templates: Value Analysis/Process Load Balance

Process Name:
Date|
Prepared By
Notes:|
SigmaL Copyright © 2008
[Enter Takt Time: | 355 |
Task Number Staff/Operator ID | Task Description | Value-Add Time BNVA Time NVA Time | Total Time Comments

1 1 Task 1 80 oo 12.0 200

2 1 Task 2 0o 80 13.0 210

3 1 Task 3 9.0 40 15.0 26.0

4 2 Task 4 G0 oo 14.0 220

a 2 Task & 0o 70 120 18.0

3 2 Task & Ell] 50 10.0 18.0

7 3 Task 7 G0 70 17.0 320

i} 3 Task & 20 S0 17.0 280

9 3 Task 3 90 140 15.0 38.0

10 oo

B Value-Add Time
o

BNWVA Tima
24%

200

Time (min.}

150

0.0 I

5.0

0.0

CH R TR R DR TN TR R R FHEZHENEER-HREEZRELASR

Task Number

120

80 4

B0

40 1 I
20

o o "

StaffiQperator ID Numbear

Time (min.)
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Lean - Value Stream Mappin

Click SigmaXL > Templates & Calculators > Lean > Value Stream Mapping to access the Value
Stream Mapping template. The example on the following page is given in SigmaXL > Help >

Template Examples > Value Stream Mapping.

Process, Material Flow & General Symbols

Customer/Supplier External Shipment

Supermarket

Supplier when placed in the woper 12
of WS, Customer when in the upper

right
:

External shipment from suppliers or to
customers (truck, reil or bost)

Stmall invertary used when
continuous flowe is not practical

Process External Shipment (Air)

Safety Stock

Process

Pracess, department, operation or Ajr zhipmert from suppliers or to

machine, thraugh which material
customers
flows
Frequency

Data Box Inventory

I | S

Temparary satety stock

Material Pull

Tapoal data Telades: Cyele T 10T |

Cits Oiperatar Cycle Time, Auto Cysle Time,

Cil= Changover Time [C0), Eiarch Size, 1

Eiatch = Uptime, Awvailable Capacity, First Pass Yield Imvertory court
[ wpimes | pime - [FP¥), Fiolled Throughput Yield [RTY), Value
e Added Time [VA), Scrap Rate, Distance
 —r— Tielid T

Physical removal from supermarket

Data Box Push Arrow

Warehouse

hovement of material that are
"pushed" by the production process
regardless of the needs of the
dowenstream process

Mizcellaneous data or ather

data
information

Inventory storage (goal should be to
reduce ar eliminste)

Work Cell aterial Movement

Kaizen Burst

Finished goods or rav materisl
mavement

Multiple processes integrated ins
workoell

Highlight area for improvement, to be
addreszed in a Kaizen Bltz Evert

Operator/People FIFO Lane

VA/NVA Timeline

First-In First-Out inventory

¥ [l

O Mumber of operators or employess
\__} required to pertorm an aperation

-]

W time

Highlight walue added cycle times
werELs non-value added wat times
YA,
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Information Symbaols

Production Control

Production Kanban

Triggers production of & pre-definecd
number of units

Withdrawal Kanban

Manual Information Flow

PRODUCTION Cenitral procuction scheduling or o auentiey |
CONTROL control H v
T
Information Type
I Information type includes: Monthly
Forecast, Weekly Crders or H Quantity
Schedule, Daily Crders or Schedule +

Inztruction to obtsin items from the
supermarket

Signal Kanban

Manual information flowe from memos,
reports, or verbal, Add informstion
type icon shove as necessary. ¥

™~

Initiste & betch operation

ElectronicInformation Flow

Kanban Post

Information flove via computer
netweork. Aodd information type icon
as Necessary

~

A physical location for kanksn cards

MRF/ERP

Load Leveling

Schedule using MRPERF system

Biatch kanbans to load level
procuction

GoSee

Sequenced Pull

L2 o

Gather information visually

Kanban signal, without using s
supermarket

SigmaXL Inc., Copyright © 2011-2020

Portions courtesy and copyright of Strategos,
Inc. www.strategosinc.com

Notes:

1. Copy and Paste the above symbols into a
blank worksheet as needed to create the value
stream map. Resize if necessary.

2. Recommended resource for Value Stream
Mapping: Quarterman Lee and Brad Snyder,
"The Strategos Guide to Value Stream &
Process Mapping", Enna Products Corp., 2006.

This is a present state value stream map of a manufacturing operation. This example is courtesy

and copyright of Strategos, Inc. www.strategosinc.com.

Example Present State Value Stream Map

Maonthly Forecast

- Z

15hift/Day (8.5 hrs)
0.5 hr{Lunch)
0.5 hr (Brezks)
Available Time =460 min/day

PRODUCTI

Supplier ‘—’7—— CONTRO
Weekly Orders
Weaklv Orders
10,080 pes/month
Weakly 4 6,720
Weekly Lead Time =34 day (-6) 3,360
Total Cycle Time =130 sec 504 pesfday
Total Work Time =130 sec _ (4 336 pes/day
Production (-6) 168 pes/day Shipping
Supervisor 12 containers/day
Dallv Dallv
Machlna Hone Clean/Deburr l Inspect | Package
C/T=45 sec I [ cr-ancec | A C/T=30sac /\ CT=10sec
/0 =50 min /0 =5 min /0 =5 min /0 =5 min
Lot =1000pc Iy 4 3360 Lot =1000 pc Lot =1000 oc Lot =1000 oc Lot =1000 oc
Avail =27.600__|f| 6] 1680 W[ await=27,600 Avail =27, 600 Avail = 27,600
e S | e —— =SS
Uptime =87% Uptime -99% Uptime =80% Uptime = 99% Uptime = 99%
45 sec 405ac Esec 30 sec 10 sec
‘ 5 days 10 days 7 days 4 days 4 days 4 days
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Basic Graphical Templates - Pareto Example

Click SigmaXL > Templates & Calculators > Basic Graphical Templates > Pareto Chart. Enter data as

shown:
A B [ | ] | E
Category Count
Difficult-to-order 19
Mot-availahle 4
Drder-takes-too-long 10
Return-calls G0
Wyrong-colar 7
Pareto Chart

Click the Pareto Chart button to produce the Pareto Chart:

Count
o
o

Pareto Chart

Category

r 100%

r 40%
r 30%
r 20%
r 10%

0%

Notes:

1. This Pareto Chart template should be used with count data like number of errors. You can also
create Pareto charts with cost data.

2. You can replace the Category and Count column headings with any headings that you wish.

3. Enter the Pareto categories in the Category column. These can be Name, Location, Error Type
or other text information. Pareto categories are required and will appear on the horizontal X-
Axis of the Pareto Chart.

4. Enter your count (or cost) data in the Count column.

5. Click the Pareto Chart button to create a Pareto Chart.
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Basic Graphical Templates - Histogram Example

Click SigmaXL > Templates & Calculators > Basic Graphical Templates > Histogram. Enter data as
shown:

Data
48
47
]
43
43
48 Histogram
a9
=0
A5
52
24
27
a1
28
32
a9
a4
23
23
21

Click the Histogram button to produce the Histogram:

Histogram

45

Frequency

210
260
310
360
410
460
510
6.0

Data
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Notes:
1. This Histogram template should be used with continuous data like cycle time.
2. You can replace the Data column heading with any heading that you wish.

3. Enter your data in the Data column.

E

Click the Histogram button to create a Histogram.
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Basic Graphical Templates - Run Chart Example

Click SigmaXL > Templates & Calculators > Basic Graphical Templates > Run Chart. Enter the data
as shown (copy and paste the histogram data):

Before/After Data
Before 43
Before A7
Before s
Before 43
Eefare 43 Run Chart |
Before 48
Before 29
Before 40
Before A5
Before o2
After 29
After 27
After a1
After 28
After 32
After 29
After a4
After 23
After 23
After 21

Click the Run Chart button to produce the Run Chart:
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Run Chart

60 -

50 ~

Mean: 37.95
40 -

30

Run Chart: Data

20 ~

10 ~

Notes:

1. This Run Chart template can be used with a variety of data types: continuous data like cycle
time, count data like number of errors, or cost data. The data must be in chronological time-
sequence order.

2. You can replace the X-Axis Label and Data column headings with any headings that you wish.
3. Enter your data in the Data column.

4. Enter labels in X-Axis Label column. Labels can be Date, Time, Name, or other text information.
These labels are optional and will appear on the horizontal X-Axis of the Run Chart.

5. Click the Run Chart button to create a Run Chart.
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Basic Statistical Templates - Sample Size — Discrete

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > Sample Size — Discrete to
access the Sample Size — Discrete calculator. The template gives the following default example:

Sample Size Calculator - Discrete Data
Sample Data (user inputs):
Estimate of Proportion P 0.5
Desired margin of error delta / half-interval 0.03
Population Size (optional) N
Confidence level (enter .95 for 95%]) 1007°(1-a)% 95.0%
Results:
Minimum Sample Size n 1068
h (adjusted for small N)
np check (should be 2 §) 534

Notes for use of the Sample Size — Discrete Calculator:

1. P is estimate of proportion for outcome of interest. Use P = 0.5 if unknown.

2. Deltais desired proportion margin of error. Enter as the half-width, i.e. if the desired margin of
error is +/- 3%, enter 0.03.

3. Enter population size N to adjust for small populations (N < 10000).

4. np should be >=5. If necessary, reduce delta to adjust.

hd

Power (1 — Beta) is not considered in these calculations. Power and Sample Size may be
calculated using SigmaXL > Statistical Tools > Power & Sample Size Calculators.

This sample size calculator is based on a confidence interval approach, where you enter the desired
half-interval value (delta). Let’s say that you desire the proportion margin of error to be +/- 3%. As
noted above, you simply enter a delta (half-interval) value of .03.

The challenge with this sample size calculator is that we need an estimate of the population
proportion. This is a bit of a chicken and egg situation — which comes first? | want to calculate an
appropriate sample size to determine an outcome, but | am being asked to enter an estimate of the
population proportion. First, keep in mind that this tool is a planning tool — the true confidence
intervals will be determined after you collect your data. Estimating the population proportion can
be done if you have good historical data to draw from, for example, in historical customer surveys
the percentage of satisfied customers was 80%. In this case, you could use P=0.8. If you do not have
a priori knowledge, then leave P=0.5 which gives the most conservative value (i.e., largest estimate

60



SigmaXL: Measure Phase Tools

of sample size). If you enter a value other than 0.5 it will result in a smaller sample size
requirement.
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Basic Statistical Templates - Sample Size - Continuous

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > Sample Size — Continuous
to access the Sample Size — Continuous calculator. The template gives the following default
example:

Sample Size Calculator - Continuous Data

Sample Data (user inputs):

Estimate of Standard Deviation 5 1
Desired margin of error delta / half-interval 0.25
Population Size (optional) N
Confidence level (enter .95 for 95%) 100%(1-a)% 85.0%
Results:
Minimum Sample Size n 62
n (adjusted for small N}

Notes for use of the Sample Size — Continuous Calculator:

1. Delta uses the same units as the standard deviation. Enter as the half-width, i.e., if the desired
margin of error is +/- 0.25, enter 0.25.

2. Enter (optional) population size N to adjust for small populations (N < 1000).

3. Power (1 — Beta) is not considered in these calculations. Power and Sample Size may be
calculated using SigmaXL > Statistical Tools > Power & Sample Size Calculators.

Similar to the Sample Size — Discrete calculator, this sample size calculator is based on a confidence
interval approach, where you enter the desired half-interval value (delta). If a survey had responses
that were on a continuous scale of 1 to 5, and you desired a margin of error on the mean to be +/-
.25, then you would use .25 as the delta value. Note that in this continuous case the units are not
percentages but level of satisfaction.

Here we need an a priori estimate of the population standard deviation. If you have no idea what
the standard deviation will be, then you could take a small sample to get a rough estimate of the
standard deviation.
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Basic Statistical Templates - Minimum Sample Size for Robust t-
Tests and ANOVA

It is well known that the central limit theorem enables the t-Test and ANOVA to be fairly robust to
the assumption of normality. A question that invariably arises is, “How large does the sample size
have to be?” A popular rule of thumb answer for the one sample t-Test is “n = 30.” While this rule
of thumb often does work well, the sample size may be too large or too small depending on the
degree of nonnormality as measured by the Skewness and Kurtosis. Furthermore, it is not
applicable to a One Sided t-Test, 2 Sample t-Test or One-Way ANOVA.

To address this issue, we have developed a unique template that gives a minimum sample size
needed for a hypothesis test to be robust.

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > Minimum Sample Size for
Robust t-Tests and ANOVA to access this template. It includes minimum sample size for
robustness for the 1 Sample t-Test, 2 Sample t-Test and the One-Way ANOVA.

The user may specify the alternative hypothesis as “Less Than” (one sided), “Not Equal To” (two
sided) or “Greater Than” (one sided). Confidence levels of 90% (a = 0.1), 95% (o = .05) or 99% (a =
.01) may also be specified:

Sigma_ Minimum Sample Size for Robust Hypothesis Testing
=~ N
Sample Data (user inputs).
Hypothesis Test: | 1 Sample t-Test -
Alternative Hypothesis : Ha Not Equal To
Confidence Level: 1007(1-a)% a5%
Skewness: Skew 1
Kurtosis: Kurt -0.48
Results; —
Minimum sample size for each 5ample.rgrnup: C._=__ n | 3D-__=_.:'

To use the template, simply select the appropriate Hypothesis Test, Alternative Hypothesis and
Confidence Level using the drop-down selection. Enter Skewness and Kurtosis values as shown in
the yellow highlighted cells.

Note that in the example shown, the rule of thumb for a 1 Sample t-Test “n = 30” is confirmed with
a moderate skew value of 1.
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Now change the Alternative Hypothesis to “Less Than” and Confidence Level to 99% as shown:

Minimum Sample Size for Robust Hypothesis Testing

Sample Data (user inputs):

Hypothesis Test.

1 Sample t-Test

Alternative Hypothesis : Ha Less Than
Confidence Level: 100%(1-a)% 99% IE
Skewness: Skew 1
Kurtosis: Kurt -0.48
Results:

<

Minimum sample size for each sam plifg roup:

752 2

The minimum sample size required for robustness is now 752!

On the other hand, if you want to perform a standard One-Way ANOVA, enter the values as shown:

Sigma_ Minimum Sample Size for Robust Hypothesis Testing
==Kl
Sample Data (user inputs):
Hypothesis Test: 3 Sample One Way ANOVA 1E=
Alternative Hypothesis : Ha Not Equal Te
Ceonfidence Lavel: 100%(1-a)% 95%
Skewness: Skew 1
Kurtosis: Kurt -0.48
Results:
Minimum sample size for each samplnlgroup: q n 3 S

Now the minimum sample size requirement is only 3. This value applies to each sample or group,
so for the 3 Sample ANOVA that would mean each sample has n = 3 for a total number of

observations = 9.

Note that this calculator is strictly addressing the question of alpha robustness to nonnormality.

Power is not considered here.

If the minimum sample size requirements cannot be met, you should use a nonparametric
equivalent to the parametric hypothesis test (i.e. One Sample Sign or Wilcoxon, Two Sample Mann-
Whitney, Kruskal-Wallis or Mood’s Median: SigmaXL > Statistical Tools > Nonparametric Tests).
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Skewness and Kurtosis

Sample Skewness and Kurtosis values can be obtained from SigmaXL's descriptive statistics:
SigmaXL > Statistical Tools > Descriptive Statistics.

A slight Skew is +/- 0.5, moderate Skew is +/- 1, severe Skew is +/- 2 and extreme Skew is +/- 5. The
Skewness range used should be -5 to +5. Values beyond this range are extrapolated so may be
inaccurate.

Kurtosis for a normal distribution is 0. Kurtosis must be greater than or equal to:
(Skew 7 2 - 1.48).

Kurtosis “delta” is Kurt - Skew? and is used in the regression equation. Kurtosis delta range should
be -1.48 to +1.48. A kurtosis delta less than -1.48 denotes a bimodal distribution so this is a lower
boundary. Values above +1.48 are extrapolated so may be inaccurate.

The calculator assumes that all samples have the same Skewness and Kurtosis.

Monte Carlo Simulation

The data for minimum sample size formulas are derived from extensive Monte Carlo simulations
for n =2 to 2000. Observed alpha values were determined empirically from the P-Values of
100,000 replicate hypothesis tests for each n. Nonnormal data with Skew = -5 to +5 and Kurt delta
=-1.48 to +1.48 was generated using the Pearson Family function (see SigmaXL DiscoverSim
Workbook: Appendix for details).

Minimum sample size for robustness occurs when the simulated observed alpha is within +/- 20%
of the specified alpha (Bradley 1980 and Rhiel 1996).

Regression Models

A separate regression model was constructed for each hypothesis test, alternative hypothesis, and
confidence level (total of 21 models), using coding as shown.

| Coded for Regression Notes for Regression Coding
1 Sample t-Test = 1 1=1 Sample t; 2=2 Sample t; 3=3 Sample ANOVA
Not Equal To 2 1=LT for +ve Skew or GT for -ve Skew; 2=NE; 3=GT for +ve Skew or LT for -ve Skew
95% 2 1=80% (a=0.1); 2=95% (o=.05); 3=99% (a=.01)
1 1 Skew2
-0.48 -1.48 Kurt_delta = Kurt - Skew"2. Minimum = -1.48.

The model predictor terms are Skewness”2 and Kurtosis Delta. The response is n minimum. The
term coefficient values are stored in the template as shown.
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Hypothesis Test:

1

1

1

1

1

Alternative Hypothesis :

1

1

1

2

2

Confidence Level:

1

2

3

1

2

Description:| 1 sample t; Ha = LT+, GT-; 0=0.1 15amplet; Ha=LT+ GT - 0=05 | 1Samplet Ha=LT+ GT-; a=01 1 Sample t; Ha = NE; a=0.1 1 Sample t; Ha = NE; 0=05
Predictor Term Coefficient Coefficient Coefficient Coefficient Coefficient
Constant: 2.682 -2.940 -257.06 -0.658037 -0.864317
Skew+2: 44.257 137.32 1008.2 9.440 22.848
Kurt Delta: -2.431 10157 -0.564855 -1.356 -5.280

Regression model n:

51

149

762

11

30

Selected n:

0

0

0

0

30

Model R-Square:

99.48%

99.34%

99.93%

99.81%

99.85%

Model R-Square values are typically over 99%, with some exceptions (96%) due to small estimated
sample sizes.

The model used is the one which matches the selected hypothesis test, alternative hypothesis, and
confidence level. The selected n is highlighted in red and is also displayed in the template Results
cell. If n> 2000, a text display “>2000” is shown in the Results cell.

References

Boos, D.D. and Hughes-Oliver, J.M. (2000), “How Large Does n Have to be for Z and t Intervals?”
The American Statistician, 54(2), 121-128.

Bradley, J. V. (1980), “Nonrobustness in Z, t, and F Tests at Large Sample Sizes,” Bulletin of the

Psychonomics Society, 16(5), 333-336.

Rhiel, G. S., and Chaffin, W. W. (1996), “An Investigation of the Large-Sample/Small-Sample

Approach to the One-Sample Test for a Mean (Sigma Unknown),” Journal of Statistics Education, 4,

No. 3 (www.amstat.org/publications/jse).

SigmaXL, Inc., DiscoverSim Version 1.1 Workbook.
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Basic Statistical Templates — 1 Sample Z-Test and Confidence
Interval for Mean

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 1 Sample Z-Test and
Confidence Interval for Mean to access the 1 Sample Z-Test calculator. The template gives the
following default example.

Fing‘."“ 1 Sample Z - Test and Confidence Interval for Mean
L

et |

Sample Data (user inputs):

Sample Size n 30
Sample Mean x-bar 1
Known Population Standard Deviation o 1
Null Hypeothesis (hypothesized mean)| Hy: Mean (u) = 0.5
Alternative Hypothesis| H_: Mean (p) Not Equal Te
Confidence Level (enter .95 for 95%)| 100%(1-a)% 95.0%
Results:

Standard Error Mean 0.1826
DF 29

Z-statistic 2.7386

alpha 0.0500

P-Value (2 sided) 0.0062
Upper Confidence Limit (2 Sided) 1.3578
Lower Confidence Limit (2 Sided) 0.6422

‘ Test Information \

Interpretation of P-Value and Confidence Intervals

The P-Value is the two-sided (two-tail} probability of obtaining a Z-statistic at least as extreme as 2.7386, given that
the null hypothesis is true. Since the P-Value is less than alpha (0.05), we reject the null hypothesis: Mean (p) = 0.5
and conclude that the alternative hypothesis Ha: Mean (p) # 0.5 is true at the confidence level of 95.0%.

We are 95% confident that the true population mean lies within the interval (0.6422 to 1.3578).

Notes:

1. Enter summarized Sample Data, Known Population Standard Deviation, Null Hypothesis and
Confidence Level in cells with yellow highlight. Do not modify any other part of this worksheet.

2. Select Alternative Hypothesis using drop-down.

3. This calculator will automatically detect the version of Excel and use the appropriate statistical
functions. If Excel 2010 or higher, then the Excel 2010 statistical functions are used.
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Basic Statistical Templates — 1 Sample t-Test and Confidence
Interval for Mean

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 1 Sample t-Test and
Confidence Interval for Mean to access the 1 Sample t-Test calculator. The template gives the
following default example.

Fing‘."" 1 Sample t - Test and Confidence Interval for Mean
=L

Sample Data (user inputs):

Sample Size n 30
Sample Mean x-bar 1
Sample Standard Deviation s 1
Null Hypothesis (hypothesized mean)| Hy: Mean (p) = 0.5
Alternative Hypothesis| H,.: Mean (y) Not Equal To
Confidence Level (enter .95 for 95%)( 100%(1-a)% 95.0%
Results:

Standard Error Mean 0.1826
DF 29

t-statistic 2.7386

alpha 0.0500

P-Value (2 sided) 0.0104
Upper Confidence Limit (2 Sided) 1.3734
Lower Confidence Limit (2 Sided) 0.6266

‘ Test Information \

Interpretation of P-Value and Confidence Intervals

The P-Value is the two-sided (two-tail) probability of obtaining a t-statistic at least as extreme as 2.7386, given that
the null hypothesis is true. Since the P-Value is less than alpha (0.05), we reject the null hypothesis: Mean (u) = 0.5
and conclude that the alternative hypothesis Ha: Mean (p) # 0.5 is true at the confidence level of 95.0%.

We are 95% confident that the true population mean lies within the interval (0.6266 to 1.3734).

Notes:

1. Enter summarized Sample Data, Null Hypothesis and Confidence Level in cells with yellow
highlight. Do not modify any other part of this worksheet.

2. Select Alternative Hypothesis using drop-down.

3. This calculator will automatically detect the version of Excel and use the appropriate statistical
functions. If Excel 2010 or higher, then the Excel 2010 statistical functions are used.
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Basic Statistical Templates - 2 Sample t-Test and Confidence
Interval (Compare 2 Means)

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 2 Sample t-Test &
Confidence Interval (Compare 2 Means) to access the 2 Sample t-Test calculator. The template

gives the following default example.

rigmgw—‘ 2 Sample t-Test and Confidence Interval
==L
Sample Data (user inputs): Sample 1 Sample 2
Sample Size n 10 10
Sample Mean x-bar 0.0000 1.0000
Sample Standard Deviation s 1.0000 1.0000
Null Hypothesis (hypothesized mean difference)| Hg gy -H; = 0.0
Alternative Hypothesis H,: yy - B2 Not Equal To
Confidence Level (enter .95 for 95%)| 100°(1-a)% 95.0%
Assume Equal Variances Yes
Results:
Sample Mean Difference -1.0000
Standard Error Difference (using pooled variance) 0.4472
df (equal variance) 18
t-statistic -2.2361
alpha 0.0500
P-Value (2-sided) 0.0382
Upper Confidence Limit (2 Sided) -0.0604
Lower Confidence Limit (2 Sided) -1.9396

‘ Test Information \

Interpretation of P-Value and Confidence Intervals

The P-Value is the two-sided (two-tail) probability of obtaining a t-statistic at least as extreme as -2.2361, given that the null
hypothesis is true. Since the P-Value is less than alpha (0.05), we reject the null hypothesis HO: Mean Difference (p1 - p2) = 0 and
conclude that the alternative hypothesis Ha: Mean Difference (p1 - p2) # 0 is true at the confidence level of 95.0%.

We are 95% confident that the true population mean difference lies within the interval (-1.9396 to -0.0604).

Notes:

1. Enter summarized Sample Data, Null Hypothesis and Confidence Level in cells with yellow
highlight. Do not modify any other part of this worksheet.

2. Select Alternative Hypothesis and "Assume Equal Variances" using drop-down.

3. This calculator will automatically detect the version of Excel and use the appropriate statistical
functions. If Excel 2010 or higher, then the Excel 2010 statistical functions are used.
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Basic Statistical Templates - 1 Sample Equivalence Test for Mean

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 1 Sample Equivalence Test
for Mean to access the 1 Sample Equivalence Test (Two One-Sided t-Tests TOST) calculator. The
template gives the following default example.

FingT 1 Sample Equivalence Test for Mean (Two One-Sided t-Tests TOST)
o= XL

=X

Sample Data (user inputs):

Sample Size n 30
Sample Mean X-bar 0
Sample Standard Deviation s 1
Target T 0
Upper Equivalence Limit UEL 0.5
Lower Equivalence Limit LEL -0.5
Confidence Level (enter .95 for 95%)| 100%(1-a)% 95.0%
Results:
Standard Error Mean 0.1826
DF 29
Difference (Mean - Target) 0
alpha 0.0500
t1-statistic (upper) -2.7386
t2-statistic (lower) 2.7386
P1-Value (upper) 0.0052
P2-Value (lower) 0.0052
Equivalence P-Value (maximum of P1 and P2) 0.0052
Upper Confidence Limit Difference 0.3102
Lower Confidence Limit Difference -0.3102
‘ Interpretation of Equivalence P-Value and Confidence Intervals \

Notes:

1. Enter summarized Sample Data, Target, Upper & Lower Equivalence Limits and Confidence
Level in cells with yellow highlight. Do not modify any other part of this worksheet.

2. Null hypothesis for P1: Difference >= UEL; Null hypothesis for P2: Difference <= LEL. Both null
hypotheses must be rejected to conclude that equivalence is true.

3. UEL and LEL establish the zone or region of equivalence and are determined by what size
difference is considered practically significant.

4. The Upper and Lower Confidence Limit Difference values use the 100*(1-a)% method by Hsu,
which is generally more powerful than the classical 100*(1-2a)% method. Upper is the
maximum of UC, (UEL+LEL)/2 and Lower is the minimum of LC, (UEL+LEL)/2. For details, see
Hsu, J.C., Hwang, J.T.G., Liu, H. K., and Ruberg, S. J. (1994), “Confidence Intervals Associated
with Tests for Bioequivalence,” Biometrika 81, 103-114.

5. This calculator will automatically detect the version of Excel and use the appropriate statistical
functions. If Excel 2010 or higher, then the Excel 2010 statistical functions are used.
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Basic Statistical Templates - 2 Sample Equivalence Test (Compare

2 Means)

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 2 Sample Equivalence Test
(Compare 2 Means) to access the 2 Sample Equivalence Test (Two One-Sided t-Tests TOST)
calculator. The template gives the following default example.

2 Sample Equivalence Test (Two One-Sided t-Tests TOST)
Test/Treatment | Reference/Control
Sample Data (user inputs): Sample Sample
Sample Size n 30 30
Sample Mean x-bar 0.0000 0.5000
Sample Standard Deviation s 1.0000 1.0000
Upper Equivalence Limit UEL 1.0
Lower Equivalence Limit LEL -1.0
Confidence Level (enter .95 for 95%)| 1007(1-a)% 95.0%
Assume Equal Variances Yes
Results:
Sample Mean Difference -0.5000
Standard Error Difference (using pooled variance) 0.2582
df (equal variance) 58
alpha 0.0500
t1-statistic (upper) -5.8095
t2-statistic (lower) 1.9365
P1-Value (upper) 0.0000
P2-Value (lower) 0.0288
Equivalence P-Value (maximum of P1 and P2) 0.0288
Upper Confidence Limit Mean Difference 0.0000
Lower Confidence Limit Mean Difference -0.9316
‘ Interpretation of Equivalence P-Value and Confidence Intervals \

Notes:

1. Enter summarized Sample Data, Upper & Lower Equivalence Limits and Confidence Level in
cells with yellow highlight. Do not modify any other part of this worksheet.

2. Select "Assume Equal Variances" using drop-down.

3. Null hypothesis for P1: Mean Difference >= UEL; Null hypothesis for P2: Mean Difference <= LEL.
Both null hypotheses must be rejected to conclude that equivalence is true.

4. UEL and LEL establish the zone or region of equivalence and are determined by what size mean
difference is considered practically significant.

5. The Upper and Lower Confidence Limit Mean Difference values use the 100*(1-a)% method by
Hsu, which is generally more powerful than the classical 100*(1-2a)% method. Upper is the
maximum of UC, (UEL+LEL)/2 and Lower is the minimum of LC, (UEL+LEL)/2. For details, see
Hsu, J.C., Hwang, J.T.G., Liu, H. K., and Ruberg, S. J. (1994), “Confidence Intervals Associated
with Tests for Bioequivalence,” Biometrika 81, 103-114.
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Basic Statistical Templates - 1 Sample Chi-Square Test and CI for
Standard Deviation

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 1 Sample Chi-Square Test
and CI for Standard Deviation to access the 1 Sample Chi-Square-Test for Standard Deviation
calculator. The template gives the following default example.

'[iigma—-_-x““ 1 Sample Standard Deviation Chi-Square Test and Confidence Interval
==X
Sample Data (user inputs):
Sample Size n 10
Sample Standard Deviation s 1
Null Hypothesis (hypothesized StDev)| H,: Sigma (o) = 0.5
Alternative Hypothesis H_: Sigma (o) Not Equal To
Confidence Level (enter .95 for 95%) 100%(1-a)% 95.0%
Results:
Sample Variance 1.0000
DF 9
Chi-Square test statistic 36.0000
alpha 0.0500
P-Value (2 sided) 0.0001
Upper Confidence Limit (2 Sided) 1.8256
Lower Confidence Limit (2 Sided) 0.6878

| Test Information \

Interpretation of P-Value and Confidence Intervals

The P-Value is the two-sided (two-tail) probability of obtaining a test statistic at least as extreme as 36.0000, given
that the null hypothesis is true. Since the P-Value is less than alpha (0.05), we reject the null hypothesis: Sigma (o) =
0.5 and conclude that the alternative hypothesis Ha: Sigma (o) # 0.5 is true at the confidence level of 95.0%.

We are 95% confident that the true population standard deviation lies within the interval (0.6878 to 1.8256).

Notes:

1. Enter summarized Sample Data, Null Hypothesis and Confidence Level in cells with yellow
highlight. Do not modify any other part of this worksheet.

2. Select Alternative Hypothesis using drop-down.

3. This calculator will automatically detect the version of Excel and use the appropriate statistical
functions. If Excel 2010 or higher, then the Excel 2010 statistical functions are used.
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Basic Statistical Templates - 2 Sample F-Test and CI (Compare 2

Standard Deviations)

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 2 Sample F-Test and CI
(Compare 2 Standard Deviations) to access the 2 Sample F-Test calculator. The template gives the

following default example.

Sigrn‘g_:“-| 2 sample Standard Deviations / Variances F-Test and Ratio CI
o AL
Sample Data (user inputs): Sample 1 Sample 2
Sample Size n 10 10
Sample Standard Deviation s 2.0000 1.0000
Null Hypothesis (hypothesized ratio of StdDevs) Hy: oo, = 1.0
Alternative Hypothesis H.: oo, Not Equal To
Confidence Level (enter .85 for 95%) 85.0%
Results:
Ratio of Standard Deviations 2.0000
Sample Variance 4.0000 1.0000
Ratio of Variances 4.0000
df 9 9
F-statistic 4.0000
alpha 0.0500
P-Value (2-sided) 0.0510
Upper Cenfidence Limit (2 Sided) 4.0130
Lower Confidence Limit (2 Sided) 0.9968
Test Information
Null Hypothesis Hy: o1/02 =1 Fail to Reject

Alternative Hypothesis H;: o1/02 # 1

Interpretation of P-Value and Confidence Intervals

hypothesis HO: o1/o2 = 1.

The P-Value is the two-sided (two-tail) probability of obtaining an F-statistic at least as extreme as 4.0000,
given that the null hypothesis is true. Since the P-Value is greater than alpha (0.05). we fail to reject the null

We are 95% confident that the true population sigma ratio lies within the interval {0.9968 to 4.0130).

Notes:

1. Enter summarized Sample Data, Null Hypothesis and Confidence Level in cells with yellow

highlight. Do not modify any other part of this worksheet.

2. Select Alternative Hypothesis using drop-down.

3. This calculator will automatically detect the version of Excel and use the appropriate statistical
functions. If Excel 2010 or higher, then the Excel 2010 statistical functions are used.

4. The F-test for two sample standard deviations/variances assumes that samples are normally

distributed.
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Basic Statistical Templates — 1 Proportion Test and Confidence

Interval

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 1 Proportion Test and
Confidence Interval to access the 1 Proportion Test calculator. The template gives the following

default example.

rium 1 Proportion Test and Confidence Interval
== AL
Sample Data (user inputs):
Number of Events X 1
Sample Size n 10
Null Hypothesis (hypothesized proportion)| Hy: Proportion = 0.5
Alternative Hypothesis| H,: Proportion Not Equal To
Confidence Level (enter .95 for 95%) 100%(1-a)% 95.0%
Hypothesis Test Method Binomial Exact
Confidence Interval Method Exact (Clopper-Pearson Beta)
Results:
Sample proportion (x/n) 0.1000
alpha 0.0500
npq (npq should be >= 5 for normal approximaticn; q = 1-p) 0.9000
Z-statistic (normal) -2.5298
Binemial exact probability P-Value (2-sided) 0.0215
Upper Confidence Limit (2-sided) 0.4450
Lower Confidence Limit (2-sided) 0.0025

Test Information

Interpretation of P-Value and Confidence Intervals

The P-Value is the two-sided (two-tail) probability of observing a sample proportion at least as extreme as 0.1000, given that the
null hypothesis is true. Since the P-Value is less than alpha (0.05). we reject the null hypothesis: Proportion (p) = 0.5 and
conclude that the alternative hypothesis: Proportion (p) # 0.5 is true at the confidence level of 95.0%.

We are 95% confident that the true population proportion lies within the interval (0.0025 to 0.4450).

Notes:

1. Enter summarized Sample Data, Null Hypothesis and Confidence Level in cells with yellow
highlight. Do not modify any other part of this worksheet.

2. Select Alternative Hypothesis and Methods using drop-down. If x =0, it is recommended that
the Alternative Hypothesis be set to one-sided "Less Than." If x = n, set the Alternative
Hypothesis to one-sided "Greater Than."
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Hypothesis Test Method:
e Binomial Exact is recommended.

e Use Normal Approximation only when n is large and proportion is close to 0.5 (check that
np >=5 and nq >= 5, or the more conservative npg, shown above, >=5). See Rosner (2010).

Confidence Interval Method (recommendations based on literature review, see references
below):

e Confidence intervals for binomial proportions have an "oscillation" phenomenon where the
coverage probability varies with n and p.

e Exact (Clopper-Pearson) is strictly conservative and will guarantee the specified confidence
level as a minimum coverage probability, but results in wide intervals. Recommended only
for applications requiring strictly conservative intervals.

e Wilson Score and Jeffreys Beta have mean coverage probability matching the specified
confidence interval. We recommend Wilson for two-sided confidence intervals and Jeffreys
for one-sided.

e Normal Approximation (Wald) is not recommended, but included here to validate hand
calculations. Use only when n is large and proportion is close to 0.5 (check that npqg, shown
above, >=5).

This calculator will automatically detect the version of Excel and use the appropriate statistical
functions. If Excel 2010 or higher, then the Excel 2010 statistical functions are used.

REFERENCES

1. Agresti, A. and Coull, B.A. (1998), Approximate is Better than “Exact” for Interval Estimation of
Binomial Proportions. The American Statistician, 52,119-126.

2. Brown, L. D., Cai, T. T. and DasGupta, A. (2001), Interval estimation for a binomial proportion.
Statistical Science, 16, 101-133. With comments and a rejoinder by the authors.

3. Cai, T. T. (2005), One-sided confidence intervals in discrete distributions. J. Statist. Plann. Inference,
131, 63-88.

4. Clopper, C.J., and Pearson, E.S. (1934), The Use of Confidence or Fiducial Limits Illustrated in the
Case of the Binomial. Biometrika, 26, 404—413.

5. Newcombe, R. (1998a), Two-sided confidence intervals for the single proportion: Comparison of
seven methods, Statistics in Medicine, 17, 857-872.

6. Rosner, B. (2010), Fundamentals of Biostatistics. Seventh Edition. Equation 5.15, page 133.
Duxbury Press.

7. Vollset, S.E. (1993). Confidence intervals for a binomial proportion, Statistics in Medicine, 12, 809—
824.
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Basic Statistical Templates - 2 Proportions Test and Confidence
Interval

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 2 Proportions Test and
Confidence Interval to access the 2 Proportions Test calculator. The template gives the following
default example.

Sigma* 2 Proportions Test and Confidence Interval
= XL
Sample Data (user inputs): Sample 1 Sample 2
Number of Events X 1 2
Sample Size n 10 10
Null Hypothesis (hypothesized difference)] Hy:P,-P;= 0
Alternative Hypothesis H.:P,-P; Not Equal To
Confidence Level (enter .95 for 95%) 100%(1-a)% 95.0%
Hypothesis Test Method Fisher's Exact
Confidence Interval Method Newcombe-Wilson Score
Results:
Sample proportion (x/n) 0.1000 | 0.2000
Sample propertion difference -0.1000
alpha 0.0500
Minimum expected value (should be >= § for normal approximation) 1.5000
Fisher's Exact probability P-Value (2-sided) 1.0000
Upper Confidence Limit (2-sided) 0.2362
Lower Confidence Limit (2-sided) -0.4205

Test Information
Null Hypothesis Hy: Py -P2 =10 Fail to Reject
Alternative Hypothesis H;: Py -P2 #0

Interpretation of P-Value and Confidence Intervals

The P-Value is the two-sided (two-tail) probability of observing a difference in proportions at least as extreme as -0.1000, given
that the null hypothesis is true. Since the P-Value is greater than alpha (0.05), we fail to reject the null hypothesis HO: P1- P2 =
0.

We are 95% confident that the true difference in population proportions lies within the interval {-0.4205 to 0.2362).

Notes:

1. Enter summarized Sample Data, Null Hypothesis and Confidence Level in cells with yellow
highlight. Do not modify any other part of this worksheet.

2. Select Alternative Hypothesis and Methods using drop-down.
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Hypothesis Test Method:
e Fisher's Exact is recommended, but is only valid for HO: P1 - P2 = 0.

e Use Normal Approximation only when minimum expected cell value, shown above, is >= 5.
Unpooled is used if HO: P1 - P2 <> 0. Use pooled if HO: P1 - P2 = 0. (See Peltier).

Confidence Interval Method:

e Confidence intervals for difference in binomial proportions have an "oscillation"
phenomenon where the coverage probability varies with n and p.

e Newcombe-Wilson Score is recommended and has a mean coverage probability that is close
to the specified confidence interval. (See Newcombe method 10).

e Newcombe-Wilson Score (CC = Continuity Corrected) is conservative and will typically meet
the specified confidence level as a minimum coverage probability, but results in wider
intervals. (See Newcombe method 11).

o Jeffreys-Perks is similar to Newcombe-Wilson, and included as an option because it is the
preferred interval for some practitioners. (See Radhakrishna; Newcombe method 4).

e Normal Approximation is not recommended, but included here to validate hand
calculations. Use only when minimum expected cell value, shown above, is >= 5.

e Exact methods that are strictly conservative (like Clopper-Pearson for the one proportion
case) are not included in this template because they are computationally intensive and
slow.

Due to the complexity of calculations, this template uses vba macros rather than Excel
formulas. SigmaXL must be initialized and appear on the menu in order for this template to
function.

REFERENCES

1. Beal, S. L. (1987), Asymptotic confidence intervals for the difference between two binomial
parameters for use with small samples. Biometrics, 43, 941-950.

2. Newcombe, R. G. (1998b), Interval estimation for the difference between independent proportions:
Comparison of eleven methods. Statistics in Medicine, 17:873—-890.

3. Peltier, C., Why Do We Pool for the Two-Proportion z-Test?
http://apcentral.collegeboard.com/apc/members/courses/teachers corner/49013.html.

4. Radhakrishna S., Murthy B.N., Nair N.G., Jayabal P., Jayasri R. (1992), Confidence intervals in
medical research. Indian J Med Res., Jun;96:199-205.

77


http://apcentral.collegeboard.com/apc/members/courses/teachers_corner/49013.html

SigmaXL: Measure Phase Tools

Basic Statistical Templates — 2 Proportions Equivalence Test

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 2 Proportions Equivalence
Test to access the 2 Proportions Equivalence Test (Two One-Sided Tests TOST) calculator. The
template gives the following default example.

Figma_’j 2 Proportions Equivalence Test (Two One-Sided Tests TOST)
== N
Test/Treatment | Reference/Control
Sample Data (user inputs): Sample Sample
Number of Events X 10 11
Sample Size n 100 100
Upper Equivalence Limit UEL 0.1
Lower Equivalence Limit LEL -0.1
Confidence Level (enter .95 for 95%) 100%(1-a)% 95.0%
Confidence Interval Method Newcombe-Wilson Score
Results:
Sample proportion (x/n) 0.1000 | 0.1100
Sample propertion difference -0.0100
alpha 0.0500
Minimum expected value (should be >= § for normal appreximation) 10.5000
Z1-statistic (upper, normal unpooled) -2.5376
Z2-statistic (lower, nermal unpeoled) 2.0762
P1-Value (upper) 0.0056
P2-Value (lower) 0.0189
Equivalence P-Value {maximum of P1 and P2) 0.0189
Upper Confidence Limit Propertion Difference| 0.0633
Lower Confidence Limit Proportion Difference| -0.0835
‘ Interpretation of Equivalence P-Value and Confidence Intervals \

Notes:

1. Enter summarized Sample Data, Upper & Lower Equivalence Limits and Confidence Level in
cells with yellow highlight. Do not modify any other part of this worksheet.

2. Select Confidence Interval Method using drop-down.

e Confidence intervals for difference in binomial proportions have an "oscillation" phenomenon
where the coverage probability varies with n and p.

e Newcombe-Wilson Score is recommended and has a mean coverage probability that is close to the
specified confidence interval. (See Newcombe method 10).

e Newcombe-Wilson Score (CC = Continuity Corrected) is conservative and will typically meet the
specified confidence level as a minimum coverage probability, but results in wider intervals. (See
Newcombe method 11).

o Jeffreys-Perks is similar to Newcombe-Wilson, and included as an option because it is the preferred
interval for some practitioners. (See Radhakrishna; Newcombe method 4).

e Normal Approximation will match the P-Value calculations, but should only be used when minimum
expected cell value, shown above, is >=5.
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e Exact methods that are strictly conservative (like Clopper-Pearson for the one proportion case) are
not included in this template because they are computationally intensive and slow.

3. Null hypothesis for P1: Proportion Difference >= UEL; Null hypothesis for P2: Proportion
Difference <= LEL. Both null hypotheses must be rejected to conclude that equivalence is true.
The P-Values are based on the normal approximation unpooled method.

4. UEL and LEL establish the zone or region of equivalence and are determined by what size
proportion difference is considered practically significant.

5. Since the confidence interval options use different methods than the hypothesis test (except
for Normal option), it is possible that the conclusion from the Equivalence P-Value will be
different from that of the confidence interval. In this case, we recommend using just the
confidence interval method.

6. The Upper and Lower Confidence Limit Proportion Difference values use the 100*(1-a)%
method by Hsu, which is generally more powerful than the classical 100*(1-2a)% method.
Upper is the maximum of UC, (UEL+LEL)/2 and Lower is the minimum of LC, (UEL+LEL)/2.

7. Due to the complexity of calculations, this template uses VBA macros rather than Excel
formulas. SigmaXL must be initialized and appear on the menu in order for this template to
function.

REFERENCES

1. Beal, S. L. (1987), Asymptotic confidence intervals for the difference between two binomial parameters for
use with small samples. Biometrics, 43, 941-950.

2. Hsu, J.C., Hwang, J.T.G,, Liu, H. K., and Ruberg, S. J. (1994), Confidence Intervals Associated with Tests
for Bioequivalence, Biometrika 81, 103-114.

3. Newcombe, R. G. (1998b), Interval estimation for the difference between independent proportions:
Comparison of eleven methods. Statistics in Medicine, 17:873—-890.

4. Radhakrishna S., Murthy B.N., Nair N.G., Jayabal P., Jayasri R. (1992), Confidence intervals in medical
research. Indian J Med Res., Jun;96:199-205.
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Basic Statistical Templates — 1 Poisson Rate Test and Confidence
Interval

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 1 Poisson Rate Test and
Confidence Interval to access the 1 Poisson Rate calculator. The template gives the following
default example.

Sit.lrl!F'-“ 1 Sample Poisson Rate Test and Confidence Interval
== XL
Sample Data (user inputs):
Number of occurrences X 1
Sample Size (area of opportunity) nt 10.0
Null Hypothesis (hypothesized rate)| H;: Rate (A)= 0.5
Alternative Hypothesis H.: Rate (A) Not Equal To
Confidence Level (enter .95 for 95%) 1007(1-a)% 95.0%
Hypothesis Test Method Poisson Exact
Confidence Interval Method Exact (Garwood Chi-Square)
Results:
Sample mean rate (x/(nt)) 0.1000
alpha 0.0500
Z-statistic (normal) -1.7889
Poisson exact probability P-Value (2-sided) 0.0809
Upper Confidence Limit (2-sided) 0.5572
Lower Confidence Limit (2-sided) 0.0025

Test Information
Null Hypothesis H;: Rate (A) = 0.5 Fail to Reject
Alternative Hypothesis H,: Rate (A) #0.5

Interpretation of P-Value and Confidence Intervals

The P-Value is the two-sided (two-tail) probability of obsering a sample rate at least as extreme as 0.1000, given that the null
hypothesis is true. Since the P-Value is greater than alpha (0.05), we fail to reject the null hypothesis: Rate (A) = 0.5.

We are 95% confident that the true population rate lies within the interval (0.0025 to 0.5572).

Notes:

1. Enter summarized Sample Data, Null Hypothesis and Confidence Level in cells with yellow
highlight. Do not modify any other part of this worksheet.

2. Sample Size (area of opportunity) can be a count, time, length or other unit that defines the
area of opportunity for an occurrence.

3. Select Alternative Hypothesis and Methods using drop-down. If x = 0, it is recommended that
the Alternative Hypothesis be set to one-sided "Less Than."
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4. Hypothesis Test Method:

e Poisson Exact is recommended.
e Use Normal Approximation only when the number of occurrences, x > 10.

5. Confidence Interval Method (recommendations based on literature review, see references
below):

e Confidence intervals for Poisson rates have an "oscillation" phenomenon where the
coverage probability varies with x and n.

e Exact (Garwood Chi-Square) is strictly conservative and will guarantee the specified
confidence level as a minimum coverage probability, but results in wide intervals.
Recommended only for applications requiring strictly conservative intervals.

e Jeffreys has mean coverage probability matching the specified confidence interval and is
recommended.

e Normal Approximation (Wald) is not recommended, but included here to validate hand
calculations. Use only when the number of occurrences, x > 10.

6. This calculator will automatically detect the version of Excel and use the appropriate statistical
functions. If Excel 2010 or higher, then the Excel 2010 statistical functions are used.

REFERENCES
1. Garwood, F. (1936). Fiducial limits for the Poisson distribution. Biometrika 28:437-442.

2. Swift, M.B. (2009). Comparison of confidence intervals for a Poisson Mean-Further considerations,
Communication in Statistics — Theory and Methods, 38, 748-759.
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Basic Statistical Templates - 2 Poisson Rates Test and Confidence
Interval

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 2 Poisson Rates Test and
Confidence Interval to access the 2 Poisson Rates calculator. The template gives the following
default example.

Siuma;;"“ 2 Poisson Rates Test and Confidence Interval
g\
Sample Data (user inputs): Sample 1 Sample 2
Number of occurrences X 1 2
Sample Size (area of opportunity) nt 10.0 10.0
Null Hypothesis (hypothesized difference)| H,: Rate, - Rate; (A, -A;) = 0
Alternative Hypothesis| H_: Rate, - Rate, (A,-A;) Not Equal To
Confidence Level (enter .95 for 95%) 1007(1-a)% 95.0%
Hypothesis Test Method Exact (Binomial Method)
Confidence Interval Method Jeffreys Hybrid
Results:
Sample mean rate (x/(nt)) 0.1000 0.2000
Sample rate difference -0.1000
alpha 0.0500
Exact probability P-Value (2-sided) 1.0000
Upper Confidence Limit (2-sided) 0.3001
Lower Confidence Limit (2-sided) -0.5505

Test Information
Null Hypothesis Hy: Ay-A =0 Fail to Reject
Alternative Hypothesis H;: A -A; #0

Interpretation of P-Value and Confidence Intervals

The P-Value is the two-sided (two-tail) probability of observing a difference in rates at least as extreme as -0.1000, given that
the null hypothesis is true. Since the P-Value is greater than alpha (0.05), we fail to reject the null hypothesis H0: A1 - A2 =
0.

We are 95% confident that the true difference in population rates lies within the interval (-0.5505 to 0.3001).

Notes:

1. Enter summarized Sample Data, Null Hypothesis and Confidence Level in cells with yellow
highlight. Do not modify any other part of this worksheet.

2. Sample Size (area of opportunity) can be a count, time, length or other unit that defines the
area of opportunity for an occurrence.

3. Select Alternative Hypothesis and Methods using drop-down.
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Hypothesis Test Method:
e Exact (Binomial Method) is recommended, but is only valid for HO: A1 - A2 = 0.

e Use Normal Approximation only when the number of occurrences for each sample is
greater than 10. Unpooled is used if HO: A1 - A2 <> 0. Use pooled if HO: A1 -A2 =0.

Confidence Interval Method:

e Confidence intervals for difference in Poisson rates have an "oscillation" phenomenon
where the coverage probability varies with x and n.

e Jeffreys Hybrid is recommended and has a mean coverage probability that is close to the
specified confidence interval. (See Li, 2011).

e Normal Approximation is not recommended, but included here to validate hand
calculations. Use only when the number of occurrences for each sample is greater than 10.

Due to the complexity of calculations, this template uses vba macros rather than Excel
formulas. SigmaXL must be initialized and appear on the menu in order for this template to
function.

REFERENCES
1. Li, H.Q., Tang, M.L., Poon, W.Y. and Tang, N.S. (2011), Confidence intervals for difference between
two Poisson rates, Comm. Stat. Simul. Comput. 40, pp. 1478-1491.

2. Przyborowski, J., Wilenski, H., (1940), Homogeneity of results in testing samples from Poisson
series. Biometrika 31, 313-323.
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Basic Statistical Templates - 2 Poisson Rates Equivalence Test

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > 2 Poisson Rates
Equivalence Test to access the 2 Poisson Rates Equivalence Test (Two One-Sided Tests TOST)
calculator. The template gives the following default example.

fium[;l 2 Poisson Rates Equivalence Test (Two One-Sided Tests TOST)
el
Test/Treatment | Reference/Control
Sample Data (user inputs): Sample Sample
Number of occurrences X 1 2
Sample Size (area of opportunity) nt 10.0 10.0
Upper Equivalence Limit| UEL 0.5
Lower Equivalence Limit| LEL -0.5
Confidence Level (enter .85 for 85%) 100%(1-a)% 95.0%
Confidence Interval Method Jeffreys Hybrid
Results:
Sample mean rate (x/(nt)) 0.1000 0.2000
Sample rate difference -0.1000
alpha 0.0500
Z1-statistic (upper, normal unpooled) -3.4641
Z2-statistic (lower, normal unpooled) 2.3094
P1-Value (upper) 0.0003
P2-Value (lower) 0.0105
Equivalence P-Value (maximum of P1 and P2) 0.0105
Upper Confidence Limit Rate Difference| 0.2239
Lower Confidence Limit Rate Difference -0.4630
‘ Interpretation of Equivalence P-Value and Confidence Intervals \

Notes:

1. Enter summarized Sample Data, Upper & Lower Equivalence Limits and Confidence Level in
cells with yellow highlight. Do not modify any other part of this worksheet.

2. Sample Size (area of opportunity) can be a count, time, length or other unit that defines the
area of opportunity for an occurrence.

3. Select Confidence Interval Method using drop-down.

e Confidence intervals for difference in Poisson rates have an "oscillation" phenomenon where the
coverage probability varies with x and n.

o Jeffreys Hybrid is recommended and has a mean coverage probability that is close to the specified
confidence interval. (See Li, 2011).

e Normal Approximation will match the P-Value calculations, but should only be used when the
number of occurrences for each sample is greater than 10.
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4. Null hypothesis for P1: Rate Difference >= UEL; Null hypothesis for P2: Rate Difference <= LEL.
Both null hypotheses must be rejected to conclude that equivalence is true. The P-Values are
based on the normal approximation unpooled method.

5. LEL and UEL establish the zone or region of equivalence and are determined by what size rate
difference is considered practically significant.

6. Since the Jeffreys Hybrid confidence interval option uses a different method than the normal
based hypothesis test, it is possible that the conclusion from the Equivalence P-Value will be
different from that of the confidence interval. In this case, we recommend using just the
confidence interval method.

7. The Upper and Lower Confidence Limit Rate Difference values use the 100*(1-a)% method by
Hsu, which is generally more powerful than the classical 100*(1-2a)% method. Upper is the
maximum of UC, (UEL+LEL)/2 and Lower is the minimum of LC, (UEL+LEL)/2.

8. Due to the complexity of calculations, this template uses VBA macros rather than Excel
formulas. SigmaXL must be initialized and appear on the menu in order for this template to
function.

REFERENCES

1. Hsu, J.C., Hwang, J.T.G,, Liu, H. K., and Ruberg, S. J. (1994), Confidence Intervals Associated with Tests
for Bioequivalence, Biometrika 81, 103-114.

2. Li, H.Q,, Tang, M.L., Poon, W.Y. and Tang, N.S. (2011), Confidence intervals for difference between two
Poisson rates, Comm. Stat. Simul. Comput. 40, pp. 1478-1491.

3. Przyborowski, J., Wilenski, H., (1940), Homogeneity of results in testing samples from Poisson series.
Biometrika 31, 313-323.

85



SigmaXL: Measure Phase Tools

Basic Statistical Templates - One-Way Chi-Square Goodness-of-Fit
Test

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > One-Way Chi-Square
Goodness-of-Fit Test to access the One-Way Chi-Square Goodness-of-Fit Test calculator. The
template gives the following default example.

JHJL One-Way Chi-Square Test
Sample Data (user inputs): Results:
Category ID Otés:::fd S‘;:p:::lf:f{:;!.z:acﬁl Percentage of cells with
expected count < 5| 40.0% Show Calculations
1 1 1 Sum of Observed Counts 26
2 2 2 Chi-Square| 3.4231
3 3 3 df 4
4 10 4 p-value| 0.4897
5 10 5
Notes:

1. Enter Category ID, Observed Count values and (optional) Historical Counts. Do not modify any
other part of this worksheet.

2. If optional Historical Counts are not specified, chi-square is calculated using equal expected
proportions.

3. If optional Historical Counts are specified, a value must be entered for each observed count.

4. Chi-Square statistic requires that no more than 20% of cells have an expected count less than 5.
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Basic Statistical Templates - One-Way Chi-Square Goodness-of-Fit
Test - Exact

Click SigmaXL > Templates & Calculators > Basic Statistical Templates > One-Way Chi-Square
Goodness-of-Fit Test - Exact to access the One-Way Chi-Square Goodness-of-Fit Test — Exact
calculator. The template gives the following default example.

One-Way Chi-Square Test
Sample Data (user inputs): Results: Show/Hide Calculations
Category ID Observed Specify His.torical Percentage of cells with expected
Count Count (optional) count<5| 40.0%
1 1 1 Sum of Observed Counts 26 st sl
2 2 2 Chi-Square| 3.4231
3 3 3 DF 4
4 10 4 Chi-Square P-Value| 0.4897 Monte Carlo P-Value
5 10 5 Exact P-Value| 0.5013
6
Notes:

1. Enter Category ID, Observed Count values and (optional) Historical Counts. Do not modify any
other part of this worksheet.

2. If optional Historical Counts are not specified, chi-square is calculated using equal expected
proportions.

3. If optional Historical Counts are specified, a value must be entered for each observed count.

4. The Chi-Square statistic requires that no more than 20% of cells have an expected count less
than 5 (and none of the cells have an expected count less than 1). If this assumption is not
satisfied, the Chi-Square approximation may be invalid and Exact or Monte Carlo P-Values
should be used. In this example 40% of the cells have an expected count less than 5 so Exact
should be used.

5. This example shows that the Exact P-Value is 0.5013 and the “large sample” Chi-Square P-Value
is 0.4897.

6. Chi-Square Exact solves the permutation problem using enhanced enumeration. For further
details refer to the Appendix Exact and Monte Carlo P-Values for Nonparametric and
Contingency Test.

7. ltis important to note that while exact P-Values are “correct,” they do not increase (or
decrease) the power of a small sample test, so they are not a solution to the problem of failure
to reject the null due to inadequate sample size.

8. For data that requires more computation time than specified, Monte Carlo P-Values provide an
approximate (but unbiased) P-Value that typically matches exact to two decimal places using
10,000 replications. One million replications give a P-Value that is typically accurate to three
decimal places. A confidence interval (99% default) is given for the Monte Carlo P-Values.
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Monte Carlo Example:

1. The Exact P-Value for this example is solved very quickly, so Monte Carlo is not needed, but we
will run it for continuity in the example. Click Monte Carlo P-Value. Select Number of
Replications = 10000 and Confidence Level for P-Value = 99%.

Monte-Carlo P-Value

Number of Replications: 10000]

Confidence Level for P-Yalue: 89 %

=

0K >>

Cancel

Help

Tip: The Monte Carlo 99% confidence interval for P-Value is not the same as a confidence
interval on the test statistic due to data sampling error. The confidence level for the hypothesis
test statistic is still 95%, so all reported P-Values less than .05 will be highlighted in red to
indicate significance. The 99% Monte Carlo P-Value confidence interval is due to the
uncertainty in Monte Carlo sampling, and it becomes smaller as the number of replications
increases (irrespective of the data sample size). The Exact P-Value will lie within the stated
Monte Carlo confidence interval 99% of the time.

2. Click OK. Results:

Results:
Percentage of cells with expected

count< 35| 40.0%

Sum of Observed Counts 26
Chi-Square| 3.4231

DF 4
Chi-Square P-Value| 0.4897
Monte Carlo P-Value| 0.5012
Monte Carlo P-Value 99% Cl Upper| 0.5128
Meonte Carlo P-Value 99% Cl Lower| 0.485%6

The Monte Carlo P-Value here is 0.5012 with a 99% confidence interval of 0.4896 to 0.5128.
This will be slightly different every time it is run (the Monte Carlo seed value is derived from the
system clock). The true Exact P-Value = 0.5013 lies within this confidence interval.

Small Sample Exact Example:

3. Now we will consider a small sample problem. Enter the following values for sample data in the
yellow highlight region. Note that the displayed Monte Carlo (or Exact) P-Values are cleared

when new data is entered in the template:
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One-Way Chi-Square Test
Sample Data (user inputs): Results: sShowlHide Calculations
Category ID Observed Specify His.torical Percentage of cells with expected
Count Count (optional) count<5| 100.0%
1 7 3 Sum of Observed Counts 10 Eracilelallic
2 1 3 Chi-Square| 8.0000
3 1 3 DF 3
4 1 1 Chi-Square P-Value| 0.0460 Monte Carlo P-Value
5 Meonte Carlo P-Value
6 Monte Carlo P-Value 99% Cl Upper
7 Monte Carlo P-Value 99% Cl Lower
-]

This example is adapted from Mehta, C.R. and Patel, N. R., IBM SPSS Exact Tests, IBM Corp.,
page 44.
ftp://public.dhe.ibm.com/software/analytics/spss/documentation/statistics/21.0/en/client/Ma
nuals/IBM SPSS Exact Tests.pdf

4. Click Exact P-Value. Select Time Limit for Exact Computation = 60 seconds.

[ Exact P-Value ==

Time Limit for Exact Computation:

B0 {Seconds)

-

5. Click OK. Results:

Results:

Percentage of cells with expected
count < 5| 100.0%

Sum of Observed Counts 10
Chi-Square| 8.0000

DF 3
Chi-Square P-Value| 0.0460
Exact P-Value| 0.0523

Note that the Exact P-Value is 0.0523 which is a “fail-to-reject” of the null hypothesis (HO), but
the “large sample” or “asymptotic” Chi-Square P-Value incorrectly rejected HO with a P-Value of
0.046. The exact P-Value matches that given in the reference. The error can also go the other
way, where a large sample Chi-Square P-Value is a “fail-to-reject” of the null hypothesis and the
Exact P-Value is a rejection of HO.

In conclusion, always use the Exact (or Monte Carlo) P-Value when the Chi-Square large sample
assumptions are not met.
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Probability Distribution Calculators - Normal

Click SigmaXL > Templates & Calculators > Probability Distribution Calculators > Normal to access
the Normal Distribution Probability calculator. The template gives the following default example:

Normal Distribution Probability Calculator

Input the following information:

Mean I 0

Standard Deviation o 1

Lower Bound (or LSL) X1 1

Upper Bound (or USL) X2 2

Select the Probability of Interest from
Areas: the following probabilities:

between X1 and X2 A Prob(1<X<2) 0.135905122
outside X1 and X2 A Prob( X=1 AND X2 2) 0.864094878

below X1 Prob(X=1) 0.841344746

above X1 Prob(X21) 0.158655254

above X2

1
xl
below X2 ,AL Prob(X=2) 0.977249868
A

Prob(X22) 0.022750132
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Basic MSA Templates - Type 1 Gage Study

Click SigmaXL > Templates & Calculators > Basic MSA Templates > Gage Bias and Linearity Study
to access the Gage Bias and Linearity Study template.

The following example is given in SigmaXL > Help > Template Examples > MSA > Type 1 Gage
Study.

Type 1 Gage Study |

Gage Name:|Example Type 1 Gage Study
Date of Study:
Performed By:
Notes:
Tolerance (Tol, USL - LSL): 0.2 Count 50 Bias| 0.00071
Part Reference Value (Ref): 10 Mean| 10.00071 Bias t-Statistic| 1.210106
Gage Resolution: 0.0001 StDev| 0.004149 Bias P-Value| 02320
StDev Multiplier: 6.00 StDev*Multiplier (SV)| 0.024893 Gage Capability Cg
Percent of Tolerance for Cg/Cgk: 20 Ref +0.1*Tol| 10.02 Gage Capability Cgk
Ref-0.1"Tel| 9.98 Gage Repeatability % (100*SViTol)| 12.45%
Trial:| Measurement Data Gage Repeatability & Bias % (20/Cgk)| 12.90%
1 10.0063 Resolution % of Tolerance
2 10.0014
2 TG Type 1 Gage Run Chart
Type 1 Gage Run Chart Ref + 0.1*Tol
10.02
10.015 -
e 10.01 -
et
a
™ 10.005 -+ ¢
S e
£ 10 - =
: VY
2 9995 -
@
2 999 |
9.985
Ref - 0.1*Tol
998 rrrrrrrrrrrrrrrrrrrrrr e rrrrrrrr e e e T T
1 35 7 91113151719212325272931333537394143454749
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Notes:

1. This calculator assumes that the data are normally distributed.

2. Enter your data in the Measurement Data column. Minimum recommended sample size is 25,
but 50 is preferred. This template has a maximum sample size of 1000, suitable for automated
test systems.

3. Enter Tolerance (Upper Specification Limit USL - Lower Specification Limit LSL).

4. Enter Part Reference Value. If missing, Gage Capability Cgk is not computed. Bias will assume a
0 value.

5. Enter Gage Resolution. If missing, Resolution % of Tolerance is not computed.

6. The default StDev Multiplier is 6 (99.73% coverage). Change this to 5.15 if AIAG convention is
being used (99% coverage). Dietrich [1] recommends using 4 for approximate 95% coverage.
We recommend 6 for typical and critical measurement systems, and 4 for non-critical.

7. The default Percent of Tolerance for Cg/Cgk is 20. Stacey [2] suggests using 10 for critical
measurement systems.

8. If Cg and Cgk are >= 1.33, the measurement device is capable. If Cg or Cgk are < 1.33, the
measurement device is not capable and needs to be improved.

9. If Resolution % of Tolerance (RE%) is <= 5%, the resolution is acceptable. If RE% is > 5% the
resolution is not acceptable.

10. Click the Type 1 Gage Run Chart button to create a Run Chart with center line = Ref, upper limit
= Ref + 0.1*Tol and lower limit = Ref - 0.1*Tol (assuming 20% of Tolerance).

11. This calculator requires Excel 2010 or higher.

REFERENCES

1. Dietrich, E. (2002), "Measurement System Capability" Reference Manual, http://www.g-
das.com/uploads/tx_sbdownloader/Leitfaden_v21_me.pdf.

2. Stacey, J.,, Mathematics of Measurement Systems Analysis, Rolls-Royce plc.,

http://www.mei.org.uk/files/pdf/Mathematics of Measurement Systems Analysis.pdf
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Basic MSA Templates - Gage Bias and Linearity Study

Click SigmaXL > Templates & Calculators > Basic MSA Templates > Gage Bias and Linearity Study
to access the Gage Bias and Linearity Study template.

The following example is given in SigmaXL > Help > Template Examples > MSA > Gage Bias and
Linearity Study.

Gage Bias and Linearity Study

Gage Name:|Example Gage Bias and Linearity Study - AIAG MSA Reference Manual, 4th Edition, Page 99
Date of Study:
Performed By

Notes:|

‘ | Process Variation (SV from Gage, ‘Gage Linearity Report

R&R or 6 * Historical StDev):
Part:[ 1 | 2 | 3 | 4 | 5 | Part:[ 1 | 2 [ s T & T s 1]
Reference Va\ue:l 2 | 1 | 6 ‘ a | 10 I Reference Va\ue:l 2 | 4 ‘ [3 ‘ 3 ‘ 10 I
Trial Trial Bias Calculations
1 27 5.1 5.8 76 9.1 1 07 11 -0.2 -04 -09
2 25 3.9 5.7 7.7 9.3 2 05 -0.1 -0.3 -0.3 07
3 24 4.2 59 7.8 9.5 3 04 0.2 -01 -0.2 05
4] 25 g 59 .7 9.3 4] 0.5 1 -01 -0.3 07
5 27 38 6 78 9.4 5 07 -0.2 0 -0.2 -06
6 23 3.9 6.1 78 95 6 03 -0.1 0.1 -0.2 -05
7 25 3.9 6 7.8 9.5 7 05 -0.1 [} -0.2 -05
8 25 3.9 6.1 77 9.5 8 0.5 01 0.1 -0.3 05
9 24 3.9 6.4 7.8 9.6 9 04 01 04 -0.2 04
10| 24 4 6.3 75 9.2 10| 04 0 0.3 -05 -08
11 26 41 6 7.6 9.3 11 0.6 0.1 0 -04 -07
12 24 3.8 6.1 77 9.4 12 04 02 0.1 -0.3 -06
13 13
14) 14}
15 15
16, 16,
17| 17|
18 18
19 19
20| 20|
Bias| 0.491666667 0.125 0.025 -0.201666667 | -0.616666667 Average Bias| -0.053333333
% Bias| 4.92% 1.25% 0.25% 2.92% 6.17% % Average Bias| 0.53%
P-Value 0.0000 0.3540 0.6671 0.0000 0.0000 P-Value 0.0894
Coeff SE Coeff P-Value R-Square 71.43%
Constant| 0736666667 0.072524273 0.0000 Adj, R-Square 70.94%
Slope| -0.131666667 0.010933445 0.0000 StDev| 0239539789
Linearity] 1.316666667
Gage Linearity % Linearity 13.17%
15
Percent of Process Variation
14.00%
L . 12.00%
10.00%
2.00%
as y=-0.1317x + 0.7367
6.00%
@
2 4.00%
&
2.00%
0 <
0 10 12 0.00% —
% Average Bias % Linearity
a5

Reference Value
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Notes:

1.

Enter Process Variation (SV from Gage R&R or 6 * Historical StDev). If neither are available, use
Process Tolerance. % Average Bias will be blank if not specified. Note that % Linearity does not
require Process Variation.

2. Enter part Reference Values. These should be relative to a traceable standard, but if not
available, see AIAG MSA Reference Manual [1], pp. 92-93 for suggestions on how to obtain
reference values. Reference values should cover the operating range of the gage.

3. Enter part measurement data in the yellow highlight region below the respective
part/reference value. AIAG recommends a minimum of 10 trials per part/reference. It is
important that the parts be selected at random for each trial in order to minimize appraiser
"recall" bias.

4. Click Gage Linearity Report button to generate the Linearity Report.

5. If a P-Valueis < .05, it is highlighted in bold red to indicate significance. If the Average Bias P-
Value or Linearity Slope P-Value are < .05, the respective bar in Percent of Process Variation will
also be red to highlight significance.

6. Statistical significance is the best indicator of a problem with bias or linearity. Some
practitioners also use a rule of thumb that a good measurement system will have % Average
Bias < 5% and % Linearity < 5%.

7. The dashed lines on the Linearity scatter plot are the regression fit 95% confidence intervals. If
the zero reference line is not within the intervals, the linearity slope is significant, indicating
that the measurement system linearity is not acceptable.

8. This calculator requires Excel 2010 or higher. Linearity regression uses vba macros rather than
Excel formulas. SigmaXL must be initialized and appear on the menu in order for this template
to function.

9. Rows 34-39 and 42 are hidden to simplify the output report. These may be unhidden to view
how the calculations are performed.

REFERENCE

1. Automotive Industry Action Group AIAG (2010). Measurement Systems Analysis MSA Reference

Manual, 4th Edition
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Basic MSA Templates - Gage R&R Study (MSA)

Click SigmaXL > Templates & Calculators > Basic MSA Templates > Gage R&R Study (MSA) to
access the Gage R&R Study template.

The following example is given in SigmaXL > Help > Template Examples > MSA > Gage R&R. If
prompted, please ensure that macros are enabled.

Gage Name:|Example Gage R&R
Date of Study:
Performed By:
Notes:
Process Tolerance
USL: 2
LSL: 1
stDev Multiplier:| £.00|
Operator A Part 1 Part 2 Part 3 Part 4 Part 5 Part & Part 7 Part § Part 9 Part 10
Reading 1 1.34 1.3 1.52 1.44 1.44 1.29 1.52 1.43 1.44 1.52
Reading 2 1.3 1.36 152 1.42 149 1.23 152 1.49 1.47 152
Reading 3
Operator B Part 1 Part 2 Part 3 Part 4 Part 5 Part 6 Part 7 Part § Part 9 Part 10
Reading 1 1.23 1.29 1.58 1.42 1.42 1.4 152 1.49 1.39 1.52
Reading 2 1.23 1.26 1.43 1.33 1.33 1.2 1.55 1.47 1.36 1.43
Reading 3
Operator C Part 1 Part 2 Part 3 Part 4 Part 5 Part & Part 7 Part § Part 9 Part 10
Reading 1 1.26 1.44 1.55 1.42 1.42 1.23 1.52 1.43 1.42 1.55
Reading 2 1.29 1.42 1.52 1.42 1.42 1.26 155 1.49 1.42 1.55
Reading 3
Contribution % Total Create Stacked Column Format
Variance | of Yariance Sthev* Variation for"Analyze Gage R&R" ==
Gage R&R Metrics| Component| Component Sthev Multiplier (TV) % Tolerance
Gage R&R:] 0.001289167] 11.44] 0.035004967| 0.215429803 33.83] 21.54
Operator (AV Appraiser Variation):] 0.000258426] 2.29] 0.016075631| 0.096453789) 15.15) 9.65]
Operator * Part (INT Interaction):] 0.000627407] 5.57] 0.025045102| 0.150288611 23.60] 15.03
: 7.86] 0.029762952| 0.178577714] 28.04] 17.86
:| 0.000403333 3.% 0.02008316) 0.120495963| 15.92| 12.05
Part Variation (PV):| 0.009977222| 88.56| 0.099886046| 0.599316277| 94.10 59.93
Total Variation (TV):] 0.011266389) 100.00] 0.106143247] 0.636859452 100.00 63.69]

Click Create Stacked Column Format
for “Analyze Gage R&R” >> if you wish
to analyze the above data using
SigmaXL’s menu Gage R&R Analysis

Notes for use of the Gage R&R Template:

1. The Automotive Industry Action Group (AIAG) recommended study includes 10 Parts, 3
Operators and 3 Replicates. The template calculations will work with a minimum of 2
Operators, 2 Parts and 2 Replicates. The data should be balanced with each operator
measuring the same number of parts and the same number of replicates. Use SigmaXL >
Measurement Systems Analysis to specify up to 30 Parts, 10 Operators and 10 Replicates.

2. Enter process Upper Specification Limit (USL) and Lower Specification Limit (LSL) in the Process
Tolerance window. This is used to determine the % Tolerance metrics. If the specification is
single-sided, leave both entries blank.
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3. The default StDev multiplier is 6. Change this to 5.15 if AIAG convention is being used.

4. The cells shaded in light blue highlight the critical metrics Gage R&R % Total Variation (also
known as %R&R) and %Tolerance: < 10% indicates a good measurement system;
> 30% indicates an unacceptable measurement system.
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Basic MSA Templates - Gage R&R: Multi-Vari & X-bar R Charts

Click SigmaXL > Templates & Calculators > Basic MSA Templates > Gage R&R: Multi-Vari & X-bar R
Charts to access the Multi-Vari & X-bar R Charts template. An example is given in SigmaXL > Help >
Template Examples > MSA > Gage R&R - Multi-Vari and Gage R&R — X-Bar R:

(Gage RAR Multivari Gage RER Mult-vari Gage RAR Multi-vari Gage RER Mult-vari

—H

Gage R&R - X-Bar by Operator

5
2
x 1.1890

1.0890

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Gage R&R - R-Chart by Operator

0.06
0.05
0.04
0.03

AR VAVA ARV

e o A ® o © > % e o A B 0 W N A s x5 6 A B 2 9

,,,,,,,,,,,,,,,,,,,

000000

R - Reading1 - Reading3

Notes for use of the Gage R&R: Multi-Vari & X-bar R Charts:

1. The Gage R&R Multi-Vari and X-bar & R charts can only be generated if a Gage R&R template
has been completed and is the active worksheet. Select the Gage R&R worksheet and click
SigmaXL > Templates & Calculators > Gage R&R: Multi-Vari & X-Bar R Charts to create the
above charts.

2. The Multi-Vari chart shows each Part as a separate graph. Each Operator’s response readings
are denoted as a vertical line with the top tick corresponding to the Maximum value, bottom
tick is the Minimum, and the middle tick is the Mean. The horizontal line across each graph is
the overall average for each part.

3. When interpreting the X-bar and R chart for a Gage R&R study, it is desirable that the X-bar
chart be out-of-control, and the Range chart be in-control. The control limits are derived from
within Operator repeatability.
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Basic MSA Templates - Attribute Gage R&R (MSA)

Click SigmaXL > Templates & Calculators > Basic MSA Templates > Attribute MSA to access the
Attribute MSA Study template. An example is given in SigmaXL > Help > Template Examples >

Attribute MSA.

MEASUREMENT SYSTEM STUDY FOR ATTRIBUTE DATA {Recommend 3 Appraisers, 2 Repeats, Minimum of 10 Good Parts and 10 Bad Parts)

Product/Unit Name: Example Attribute MSA
Date of Study:
Performed By:
Notes:
Good Part or Unit:
Bad Part or Unit:
Appraiser A Appraiser B Appraiser C
Part True Trial #1 Trial #2 Trial #1 Trial #2 | Trial#1 | Trial #2
Standard
1 G G G NG G G G
2 G NG G G G G G
3 NG NG NG NG NG NG NG
4 G G G G NG G G
5 NG NG NG NG NG NG NG
6 NG NG NG NG NG NG NG
7 G G G NG G G G
8 NG NG NG NG NG NG NG
9 G G G G G G G
10 NG NG NG NG NG NG NG
11 G G G NG G G G
12 NG NG NG NG NG NG NG
13 NG NG NG NG NG NG NG
14 G NG G NG G G G
15 NG NG NG NG G NG NG
16 G G NG G G G NG
17 G G G G G G G
18 NG NG NG NG G NG NG
19 NG NG NG NG NG NG NG
20 G G G NG G G G
Create Stacked Colurmn format to Analyze
with "Attribute MSA (Binary)” »>
Attribute MSA Analysis:
Cohen's
Within Appraiser Agreement: M # Matched Percent 95% LC 95% UC Kappa
A 20| 17 85.00% 62.11% 96.79% 0.6939
B 20 12| 60.00% 36.05% 80.88% 0.2381
[ 20| 19 95.00% 75.13% 99.87% 03000'
Type | = False Reject (Appraiser Rejected Good Part)
Type Il = False Accept (Appraiser Accepted Bad Part)
Mixed = Assessments across trials are not identical
Type | Type | Typell | Typell Mixed Mixed Cahen's
Each Appraiser vs Standard Agreement:( # Inspected # Matched Percent 95% LC 95% UC Errors Error % Errors Error % Error Error % Kappa
A 20| 17 85.00% 62.11% 96.79% 0 0.00% 0] 0.00% 3] 15.00% 0.8500]
B | 20| 12| 60.00% 36.05% 80.88% 0 0.00% 0| 0.00% 8 40.00% 0.6000]
[ | 20| 19 95.00% 75.13% 99.87% 0 0.00% 0 0.00% 1 5.00% 0.9500]
Between Appraiser Agreement: #Inspected # Matched Percent 95% LC 95% UC
20 10 50.00% 27.20% 72.80%|
Cohen's
All Appraisers vs Standard Agreement:| #Inspected # Matched | Percent 95% LC ‘ 95% UC | Kappa
20 10] 50.00% 27.20%] 72.80%| 0.8000]

Click Create Stacked Column Format to Analyze with “Attribute
MBSA (Binary)” >> if you wish to analyze the above data using
SigmaXL’s menu Attribute MSA Analysis tool.

Notes for use of the Attribute Gage R&R (MSA) Template:

1. Attribute Gage R&R is also known as Attribute Agreement Analysis.

98




SigmaXL: Measure Phase Tools

2. Recommend for study: 3 Appraisers, 2 to 3 Replicates, Minimum of 10 Good Parts and 10 Bad
Parts. The data should be balanced with each appraiser evaluating the same number of parts
and the same number of replicates.

3. Specify the Good Part or Unit as G or other appropriate text (P, Y, etc.). Specify the Bad Part or
Unit as NG or other appropriate text (F, N, etc.). Be careful to avoid typing or spelling errors
when entering the results. A space accidentally inserted after a character will be treated as a
different value leading to incorrect results.
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Basic Process Capability Templates - Process Sigma Level -
Discrete Data

Click SigmaXL > Templates & Calculators > Basic Process Capability Templates > Process Sigma
Level — Discrete to access the Process Sigma Level — Discrete calculator. The template gives the
following default example.

Sigma_’71 Process Sigma Level Calculator - Discrete Data
)L
Sample Data (user inputs):
Number of units n 500
Total number of defects cbserved d 5
Mumber of defect opportunities per unit o 1
Sigma Shift (typically +1.5) 1.5
Results:
Defects per Unit dpu 0.01
Defects per Million Opportunities dpmo 10,000.0
Defects per Opportunity dpo% 1.00%
Yield yield% 99.00%
Process Sigma Level sigma 3.826

Notes for use of the Process Sigma Calculator for Discrete Data:

1. Total number of defects should include defects made and later fixed.

2. Sample size should be large enough to observe 5 defects.
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Basic Process Capability Templates - Process Sigma Level -
Continuous Data

Click SigmaXL > Templates & Calculators > Basic Process Capability Templates > Process Sigma
Level — Continuous to access the Process Sigma Level — Continuous calculator. The template gives
the following default example.

igma""] Process Sigma Level Calculator - Continuous Data
—=AL (Assumes that data are normally distributed)
Sample Data (user inputs):
Mean x-bar 0 1
Standard Deviation s 1
Upper Specification Limit USL 3
Lower Specification Limit LSL -3
Sigma Shift (typically +1.5) 1.5
Results:
Expected ppm > USL 1349.9
Expected % = USL 0.13%
Expected ppm < LSL 1349.9
Expected % < LSL 0.13%
Expected ppm (overall) 2699.8
Expected yield (overall) % 899.73%
Process Sigma Level 4.282

Note: This calculator assumes that the Mean and Standard Deviation are computed from data that
are normally distributed.
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Basic Process Capability Templates — Process Capability Indices

Click SigmaXL > Templates & Calculators > Basic Process Capability Templates > Process Capability
to access the Process Capability Indices calculator. The template gives the following default
example.

igma 7 Process Capability Indices - Continuous Data
AL (Assumes that data are normally distributed)
Sample Data (user inputs):
Mean x-bar 0 J.
Standard Deviation s 1
Upper specification limit USL 3
Lower specification limit LSL -3
Results:
Cp,Pp 1.00
Cpu, Ppu 1.00
Cpl, Ppl 1.00
Cpk, Ppk 1.00

Notes for use of the Process Capability Indices Calculator:

1. This calculator assumes that the Mean and Standard Deviation are computed from data that
are normally distributed.

2. Reports Cp, Cpk if entered S is Within or Short Term (using a control chart).

3. Reports Pp, Ppk if entered S is Overall or Long Term.
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Basic Process Capability Templates — Process Capability &

Confidence Intervals

Click SigmaXL > Templates & Calculators > Basic Process Capability Templates > Process Capability
& Confidence Intervals to access the Process Capability Indices & Confidence Intervals calculator.

The template gives the following default example.

Process Capability Indices and Confidence Intervals - Continuous Data
(Assumes that data are normally distributed)

Sample Data (user inputs):

Mean x-bar 1 Upper Specification Limit USL 3

Standard Deviation 5 1 Lower Specification Limit LSL -3
Sample Size n 30 Confidence Level (enter .95 for 95%) 95.0%

Sigma Shift (typically +1.5) 1.5
Process Sigma Level Results: Process Capability Results:

Expected ppm > USL 22,7501 Cp, Pp 1.00
Expected % > USL 2.28% Lower Limit Cp, Pp 0.74
Expected ppm < LSL 31.7 Upper Limit Cp, Pp 1.26
Expected % < LSL 0.00% Cpu, Ppu 0.67
Expected ppm (overall) 22,781.8 Cpl, Ppl 1.33
Expected yield (overall) 87.72% Cpk, Ppk 0.67
Lower Limit Cpk, Ppk 0.46
Process Sigma Level 3.499 Upper Limit Cpk, Ppk 0.88

Note: Cp, Cpk if S is Within or Short Term; Pp, Ppk if S is Overall or Long Term

Notes for use of the Process Capability & Confidence Intervals Calculator:

1. This calculator assumes that the Mean and Standard Deviation are computed from data that

are normally distributed.

2. Reports Cp, Cpk if entered S is Within or Short Term (using a control chart).

3. Reports Pp, Ppk if entered S is Overall or Long Term.
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Basic Process Capability Templates — Tolerance Interval
Calculator (Normal Exact)

Click SigmaXL > Templates & Calculators > Basic Process Capability Templates > Tolerance Interval
Calculator (Normal Exact) to access the Tolerance Interval Calculator (Normal Exact). The template
gives the following default example.

Siqmg_j--—‘ Tolerance Interval Calculator (Normal Exact)
XL
Sample Data (user inputs):
Sample Size n 30
Sample Mean x-bar 1
Sample Standard Deviation 5 1
Population Coverage (enter .99 for 99%) 100%(p)% 899.0%
Confidence Level (enter .95 for 95%)| 1007%(1-u)% 85.0%
Tolerance Interval Type Two-Sided
Results:
Upper Tolerance Limit 4.3546
Lower Tolerance Limit -2.3546

Notes:

1. Enter summarized Sample Data, Population Coverage and Confidence Level in cells with yellow
highlight.

2. Select Tolerance Interval Type using drop-down.

3. This calculator assumes that the summary statistics come from data that is normally
distributed. Tolerance intervals are exact, one-sided uses the noncentral t distribution, two-
sided uses the noncentral chi-square distribution. See Appendix Tolerance Interval Calculator
(Normal Exact) for statistical details.

4. Due to the complexity of calculations, this template uses vba macros rather than Excel
formulas. SigmaXL must be initialized and appear on the menu in order for this template to
function.
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Basic Control Chart Templates - Individuals Chart

Click SigmaXL > Templates & Calculators > Control Chart Templates > Basic > Individuals. Enter the
data as shown (or copy and paste the “Before” data from the histogram data above):

Before/After | Data

Before 48

Before 47

Before aa)

Before 43

Before 43

- 47 Individuals Control Chart
Before a9

Eefore a0 Add Data
Before 45

Before a2

Click the Individuals Control Chart button to produce the Individuals Chart (note that in actual
application, one should use a minimum of 20 to 30 data points to compute the initial control
limits).

Individuals Control Chart

—e— Data UCL =——CL (Mean) LCL

70 64.34

60 -

_ Mean CL#47.2
50 - /\ . /.\\7
40 - \/

30

30.06

Individuals: Data

20 ~

10

O T T T T T T T T T
Before Before Before Before Before Before Before Before Before Before
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Now enter the data as shown (or copy and paste the “After” data from the histogram data used

earlier):

Before/After| Data
Befare 48
Before A7
Befare ot}
Before 43
Befare 43
Before A5
Before 39
Before 50
Before Ak
Before 52
After 29
After 27
After 31
After 2a
After 32
After s
After 34
After 23
After 23
After 21

Click the Add Data button to add the “After” data to the Individuals chart.

Individuals Control Chart
—e—Data UCL =———CL (Mean) LCL

707 64.34

60 -
© 50 - o /S Mean CL: 47.2
©
a
W 40
§ . 30.06
2

20 -

10 -

0 T T
@ @ @ @ @ & & S S S
& o o o & ¥ ¥ ¥ &
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Notes:

1. This Individuals Control Chart template should be used with continuous data like cycle time.
The data must be in chronological time-sequence order.

2. You can replace the X-Axis Label and Data column headings with any headings that you wish.
3. Enter your data in the Data column.

4. Enter labels in X-Axis Label column. Labels can be Date, Time, Name, or other text information.
These labels are optional and will appear on the horizontal X-Axis of the Individuals Control
Chart.

5. Click the Individuals Control Chart button to create an Individuals Control Chart.

6. After the control chart has been created and additional new data entered into the Data
column, click the Add Data button to add the data to the existing chart.
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Part C - Descriptive/Summary Statistics

Descriptive Statistics

1. Open Customer Data.xlsx. (To access, click SigmaXL > Help > Sample Data or Start > Programs
> SigmaXL > Sample Data). Click Sheet 1 Tab.

2. Click SigmaXL > Statistical Tools > Descriptive Statistics.

3. Check Use Entire Data Table, click Next.

4. Select Overall Satisfaction, click Numeric Data Variables (Y) >>. Select Customer Type, click
Group Category (X1) >> as shown:

P

Descriptive Statistics

Custormer Record Mt
Order Diate

A Mo, of orders pe
Aw days Order to de
Loyalty - Likely to Re
Responsive to Calls
Ease of Cammunica
Staff Knowledge
Size of Customer
Major-Complaint
Froduct Type
SatDiscrete

Mumeric Data Yariables (¥) >> | Overall Satisfaction

Group Category (X1} >>

Group Category (X2) »>»

<< Remove ‘

Confidence Lewvel

95.0

‘ Custormer Type

Options

(2]

OK »>»

Cancel

Help

* Row Format

" Column Format

Tip: Be careful to not select a continuous variable for Group Category, as each unique value
will be considered as a category level.

5. Click OK.

6. Descriptive Statistics are given for Customer Satisfaction grouped by Customer Type:

Overall Satisfaction by Customer Type

Anderson-Darling Normality Test
p-value (A-D Test)

Skewness

p-value (Skewness)

Kurtosis

p-value (Kurtosis)

0312776
05306
-0.235169
0.5557]
-0 67163

0.3705

0826259
0.0302
-0.967994]
0.0121
0679609

02865

Descriptive Statisti Customer Type =1 |Customer Type =2 |Customer Type =3

Count N 42 27|
Mean 3.394 4.208) 3.641
Stdev 0324680 0.621200 0.670478
Range 3.080 2.560 2.740
Minimum 1.720 2.420 2.190
25th Percentile (Q1) 2810 3.828 3.240
50th Percentile (Median) 3.560 4.340 3.510
75th Percentile {Q3) 4.020 4.725 4.170
Maximum 4.800 4.980) 4.930
95.0% Cl Mean 3.091 to 3.696 4.012t0 4.399 3.376 to 3.906|
95.0% Cl Sigma 0.659012 0 1.102328)  0.51112610 0.792132]  0.528013 to 0.918845

0.389291
0.3600]
0139571
0.7411
-0.313701

0.8435]

Which Customer Type has the highest mean satisfaction score? Clearly Type 2. However, we have
to be careful concluding that there is a significant difference in satisfaction solely by looking at the
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Means. In the Analyze Phase, we will run tests of hypothesis to validate that Type 2 Customers are,
in fact, significantly more satisfied.

Tip: Click on Column B, click View | Window | Split, Freeze Panes. This freezes Column A and
allows you to scroll across the Descriptive Statistics for each level of the Group Category. This is
particularly beneficial when there are a large number of columns.

7. Click Recall SigmaXL Dialog menu or press F3 to recall last dialog. Change the format selected
to Column Format as shown:

I

Descriptive Statistics @

Customer Recard Mc Numeric Data Variables (¥) > | Crerall Satisfaction
Crder Date

0K »>»

Awg Mo, of arders pe

Awg days Order to de Cancel
Loyalty - Likely to Re —_—

Fesponsive to Calls
Ease of Communical
otaft Knowledge
Size of Customer
bajor-Complaint
Froduct Type

Group Category (1) >>

Group Category (X2) >>

‘ Custormer Type

Help

Sat-Discrete << Bemove ‘

" Row Format
Confidence Level | 950 Options & i

8. Click OK. Descriptive Statistics are given for Customer Satisfaction broken out by Customer
Type in Column Format:

Overall Satisfaction by Customer Type

Descriptive Statistic|Count Mean | Stdev. Range | Minimum|25th Percentile (Q1) [50th Percentile (Median) | 75th Percentile (Q3) |Maximum |95.0% CI Mean [95.0% Cl Sigma_ |Anderson-Darling Hormality Test]p-value (A-D Test) lue (Sk p-value lKurlns\s]l
Customer Type = 1 31| s304| vozseao| s0s0| 1720 2510 3560 s0z20| 4800 3.091102.696| 0658012 o 1.10232] 031277¢] 0.5308| -0.235169| osss7| -a67169) 03705
Customer Type =2 | «2| <20| 021200 2560f 220 3828 4340 a72s|  ass0| 401210 4309] 0511128 1o 0.702137) 0.826259) 0.0302| -0.967904| 0.0121| 0&73600) 0.2855]
Customer ype = 3 27| 3641] 0670478) 2740) 2.190] 3.240 3.510 4.170] 4.930] 3.376 10 3.906| 0.528013 to 0.918845] 0.389291 0.3600] 0.139571 0.7411] -0.313701 0.8435

Tip: This column format is useful to create subsequent graphs on the summary statistics.
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Descriptive Statistics - Options

1. Click Recall SigmaXL Dialog menu or press F3 to recall last dialog. Click Options. Check Select
All and change Percentile Confidence Intervals to Percentile to display all Percentile values in

the report.

Descriptive Statistics

Custorner Record Mt
Order Date

A Mo, of orders p

Aw days Orderto de
Loyalty - Likely to Re
Fesponsive to Calls
Ease of Communical

Staff Knowledge Group Category (X1) >>

Size of Customer
Major-Complaint

Froduct Type
Sat-Discrete << Hemove ‘

Confidence Level | 950

v Select All

¥ Additional Descriptive Statistics
" Exact

V¥ Additional Normality Tests
¥ Qutlier and Randomness Tests

v Percentile Report " Exact

* Interpolated

(¢ Interpolated

Numeric Data Variables (Y] >> | Crverall Satistaction

‘ Custormer Type

Options

¥ Percentile Confidence Intervals

" Quartile

v Percentile Tolerance Intervals

OK »>

Cancel

Help

* Row Format
~

Tip: Select only those options that are of interest in order to minimize the size of the report.
Here we are selecting all options for demonstration purposes. Note that when any option is
checked, Row Format is automatically selected, Column Format and Group Category (X2) are
greyed out. These display options are limited due to the amount of information displayed in

the extended report.

Customer Type:

Click OK. Extended Descriptive Statistics are given for Customer Satisfaction grouped by
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Overall Satisfaction by Customer Type

Descriptive Statistics

Customer Type =1

Customer Type =2

Customer Type =3

Count Ky 42 27|
Mean 3.394 4205 3.641
Stdev| 0.824680 0.621200 0.670478
Range 3.080 2560 2.740
Minimum 1.720 2420 2.190
25th Percentile (Q1) 2.810 3.828 3.240
50th Percentile (Median) 3.560 4.340 3.510
75th Percentile (Q3) 4.020 4.725 4170
Maximum 4.800 4.980 4.930
95.0% CI Mean 3.0911 to 3.696 40117 to 4.3988 3.3759 to 3.9063
95.0% CI Sigma 0.65901 to 1.1023 0.51113 to 0.79213 0.52501 to 0.91884
Anderson-Darling Normality Test 0.312776 0.826259 0.389291]
PValue (A-D Test) 0.5306 0.0302 0.3600{
Skewness| -0.235169 -0.967994 0.139571
P-Value {Skewness) 0.5557 0.0121 0.7411
Kurtosis| -0.671690 0.679609 -0.313701
P-Value (Kurtosis) 0.3705 0).2865 0.8435
Additional Descriptive Statistics
5% Trimmed Mean 34413 4.251 3648
Standard Error of Mean 0148117 0.095853182 0.129034
Variance 0.680097 0.385889 0.449541
Coefficient of Variation 24 301 14772 18.414
StDev (Within, Short Term) 0.678487 0.521969 0.663985
Additional Normality Tests
Shapiro-Wilk/KSL| 0.969383 0.923744 0.971664
P-Value {Shapiro-Wilk/K5L) 0.6022 0.0080 0.6463
Doornik-Hansen 0.813602 8.554 0127399
P-Value {Doornik-Hansen), 0.6658 0.0139 0.9383

3. The Additional Descriptive Statistics are:

e 5% Trimmed Mean. The highest 5% and lowest 5% are excluded and mean calculated with
the rest of the data. This gives a robust alternative to the Median as a measure of central

tendency in the presence of outliers.
e Standard Error of Mean (StDev/\/N)
e Variance (StDev?)

e Coefficient of Variation (100 * StDev/Mean)

e Short Term StDev (MR-bar/d2)

4. The Additional Normality Tests are:
e Shapiro-Wilk (n <= 5000) and Kolmogorov-Smirnov-Lilliefors (KSL, n > 5000)

o This is a popular alternative to Anderson Darling.

e Doornik-Hansen (DH)

o Univariate omnibus test based on Skewness and Kurtosis. (Note, the bivariate DH
test is used in Correlation Matrix to test bivariate normality).

o Best for data with ties, i.e. “chunky” data. Anderson-Darling, Shapiro-Wilk and KSL
are severely affected by ties in the data and will trigger a low P-Value even if the

data are normal.

o See Appendix Doornik-Hansen (DH) Normality Test for further details and

references.
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Overall Satisfaction by Customer Type

| Descriptive Statistics | Customer Type =1 Customer Type = 2 Customer Type =3

Percentile Report

0.135 1.72 242 219

0.5 1.72 242 219

1 1.72 242 219

2.5 1.72 2.441 219

5 1.804 2778 237

10 2.138 3.285 2.832

15 2.554 3.516 3.056

20 2.602 3.65 3.144

25 2.8 3.8275 3.24

30 2.924 3.981 3.272

35 297 4.091 3.298

40 3.074 4.132 3.33

45 3.248 4.3035 3422

50 3.56 4.34 351

55 3.876 4.4195 3.566

60| 3.804 4.464 3.644

65 39 4.5275 3.988

70 3.978 4.558 4.074

75 4.02 4.725 417

80/ 41 4.786 4.294

85 4.242 4.881 4.428

90 4.586 4.91 4.688

95 4.722 4.9655 4.878

97.5 438 4.97925 4.93

99 4.8 4.95 4.93

99.5 4.8 4.95 4.93

99.865 4.8 4.95 4.93

75 - 25 (50%, Interquartile Range IQR) 1.21 0.8975 0.93

90 - 10 (80%, Interdecile Range IDR) 2443 1.625 1.856

95 - 5 (90%, Span) 2.918 21875 2.508

97.5 - 2.5 (95%, +/- 1.96 Sigma Equivalent) 3.08 253825 274

99 -1 (98%) 3.08 2.56 274

99.5 - 0.5 (99%) 3.08 2.56 274

99.865 - 0.135 (99.73%, +/- 3 Sigma Equivalent) 3.08 2.56 2.74

5. The Percentile Report gives 27 values from 0.135 to 99.865.

6. The Percentile Ranges are:

e 75-25(50%, Interquartile Range IQR)
e 90-10(80%, Interdecile Range IDR)
e 95-5(90%, Span)

e 97.5-2.5(95%, +/- 1.96 Sigma Equivalent)

e 99-1(98%)
e 99.5-0.5(99%)

e 99.865-0.135(99.73%, +/- 3 Sigma Equivalent)
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Overall Satisfaction by Customer Type

Descriptive Statistics

Customer Type = 1 | Customer Type =2 | Customer Type =3 |

Percentile Confidence Intervals {Interpolated 95.0%)

0.135)
0.5

1
2.5
5
10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95
97.5
99
99.5
99.865)

Min. sample size = 2731
Min. sample size = 736
Min. sample size = 368
Min. sample size = 146

Min. sample size = 72
Min. sample size = 36
1.8393 to 2.9095
20087 to 2.9711
24809 to 3.1075
25606 to 3.2586
26047 to 3.5658
2.7749 to 3.6297

2906 to 3.817

29535 to 3.9362
3.0221 to 3.987)

3.2061 to 4.0266
3.387 to 41066
35707 to 42345
3.7743 to 4.2921
3.8978 to 4.67

3.9853 to 46892

Min. sample size = 36
Min. sample size =72
Min. sample size = 146
Min. sample size = 368
Min. sample size = 736
Min. sample size = 2731

Min. sample size = 2731
Min. sample size = 736
Min. sample size = 368
Min. sample size = 146

Min. sample size = 72
25826 to 3.6589
3.1206 to 3.8676
3.2747 to 4.0232
3.4847 to 4 1163
3.5891 to 4.3005
3.7308 to 4.3359
3.8487 to 4. 4153
3.9942 to 4 4601
40946 to 4. 5184
4.1397 to 4 5458
4.3049 to 4 6959
43441 to 4. 7459
44284 to 4 8516
44737 to 4 8928

453t04.9

46717 to 4.9457

477 to 4.9742

Min. sample size =72
Min. sample size = 146
Min. sample size = 368
Min. sample size = 736
Min. sample size = 2731

Min. sample size = 2731
Min. sample size = 736
Min. sample size = 368
Min. sample size = 146

Min. sample size = 72
Min. sample size = 36
24389 to 3.2707
2.7108 to 3.3014
2.9143 to 3.3899
3.0606 to 3.4556
3.1354 to 3.5275
3.2052 to 3.6277
3.2554 to 3.862

3.2891 to 4.0227
3.3036 to 41239
3.3845 t0 41874
3.4401 to 4.3391
35236 to 4 4274

3.626 to 4 6107

3.9334 to 4. 7587
40779 to 4.8581

Min. sample size = 36
Min. sample size =72
Min. sample size = 146
Min. sample size = 368
Min. sample size = 736
Min. sample size = 2731

Percentile Tolerance Intervals (Interpolated 95.0%)

50%
80%
0%
95%
98%
99%
99.73%

256104.1129

1.7453 to 4.67

Min. sample size = 46
Min. sample size = 93
Min. sample size = 236
Min. sample size = 473
Min. sample size = 1756

3.62 to 4 8262

3.108 to 4.97

Min. sample size = 46
Min. sample size = 93
Min. sample size = 236
Min. sample size = 473
Min. sample size = 1756

3.04 to 42764

24552 to 4.93

Min. sample size = 46
Min. sample size = 93
Min. sample size = 236
Min. sample size =473
Min. sample size = 1756

7. The Percentile Confidence Intervals give 27 values from 0.135 to 99.865.

8. The Quartile Confidence Intervals give 3 values: 25, 50 and 75.

9. The Percentile Tolerance Intervals are 50%, 80%, 90%, 95%, 98%, 99%, and 99.73%.

10. Confidence Intervals and Tolerance Intervals can be exact or interpolated. If exact, the actual
exact confidence level will be a value greater than or equal to specified, due to percentile
values being discrete in nature. The actual exact level will also be reported in this case. If
interpolated, the result will be an interpolated estimate of the specified confidence level
(typically 95.0%) and is the recommended setting. See Appendix Percentile (Nonparametric)
Confidence and Tolerance Intervals for further details.

Tip: The Tolerance Intervals given here are nonparametric, so the data does not have to be

normal. However, if you have normal data, you can use the Tolerance Interval Calculator for
Normal data, which will allow smaller sample sizes to be used. See Basic Process Capability
Templates — Tolerance Interval Calculator (Normal Exact).
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11. If the Confidence Interval or Tolerance Interval cannot be computed due to inadequate sample
size, @ minimum sample size is reported.

Overall Satisfaction by Customer Type
Descriptive Statistics Customer Type =1 Customer Type =2 Customer Type =3

Qutlier and Randomness Tests

Potential {1.5*1QR)
Qutliers (Boxplot Rules) outlier lower count = 1.

Randomness Runs Test

12. The Outlier (Boxplot Rules) Tests are: Potential 1.5(IQR), Likely 2.2(IQR), Extreme 3.0(IQR)

13. Grubbs Outlier Test is more powerful at detecting a single outlier as maximum or minimum but
assumes that the remainder of the data are normally distributed.

14. The Randomness Runs Test is a nonparametric exact runs test. If there are values equal to the
median, they are set to both “Counted as Below” and “Counted as Above”, with the reported P-
Value being the larger of the two. This results in a more conservative test to minimize false
alarms.

15. The Outlier and Randomness Tests use the same Green, Yellow, Red highlight given in the
automatic assumptions report that are included in t-tests and ANOVA.
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16. Click Recall SigmaXL Dialog menu or press F3 to recall last dialog. Click Options. Uncheck
Select All to clear the selections and check Percentile Confidence Intervals, select Exact and
Percentile. Check Percentile Tolerance Intervals, and select Exact as shown:

Descriptive Statistics

Customer Recard M Numeric Data Variables (Y) >> | Owerall Satisfaction
Order Date

Avg Mo, of arders pe
Avg days Orderto de
Lovyalty - Likely to Re
Responsive to Calls
Easze of Communical

Staff Knowledge Group Category (X1) >> | ‘ Customer Type

Size of Customer
Major-Complaint | ‘

OK »>»

Cancel

Wl |

Help

Froduct Type
Sat-Discrate << Remove |
* Row Format
Confidence Lewvel | 350 Options 0
[ Select All ¥ Percentile Confidence Intervals
" Interpolated " Quartile

I Additional Descriptive Statistics

+ Exact
" Additional Normality Tests

¥ Percentile Tolerance Intervals
[ Qutlier and Randomness Tests

" Interpolated

[ Percentile Report & Exact
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Overall Satisfaction by Customer Type

17. Click OK. The Percentile Confidence Intervals and Tolerance Intervals are displayed:

Descriptive Statistics

Customer Type =1 | Customer Type =2 | Customer Type =3

Percentile Confidence Intervals (Exact 95.0% Minimum)

0.135)
0.5

1

2.5

5

10
15
20

25

99.5
99.865]

Min. sample size = 2731
Min. sample size = 736
Min. sample size = 368
Min. sample size = 146
Min. sample size =72
Min. sample size = 36
1.72 to 2.94 (98.1%),
1.86 to 3.01 (97.9%),
2.04 to 3.24 (98%)
2.56 to 3.26 (95.2%)
2.57 to 3.57 (96.4%)
2.65 to 3.8 (97.4%)
2.9to 3.82 (95.5%)
2.94 to 3.97 (97.1%)
3.01to 3.99 (95.5%)
3.09 to 4.05 (97.4%)
3.26 to 4.15 (96.4%)
3.57 to 4.24 (95.2%)
3.58 to 4.67 (98%),
3.82 to 4.67 (97.9%)
3.97 to 4.8 (98.1%),
Min. sample size = 36
Min. sample size = 72
Min. sample size = 146
Min. sample size = 368
Min. sample size = 736

Min. sample size = 2731

Min. sample size = 2731
Min. sample size = 736
Min. sample size = 368
Min. sample size = 146
Min. sample size =72
242 to 3.67 (96.7%
2710 3.9 (97.3%
3.24 t0 4.09 (96.6%
3.39t04.12 (96.9%
3.54 10431 (97.2%
3.67 to 4.35 (96.6%
3.83t04.43(96.1%
39910447 (95.7%
4.09to 4.53 (95.6%
41210455 (95.7%
4310472 (96.1%
4.331t04.75 (96.6%
4.4 10 4.87 (97.2%
447 t04.91 (96.9%
4.53t04.91 (96.6%
4.63t04.97 (97.3%
4.75t0 4.98 (96.7%)
Min. sample size = 72
Min. sample size = 146
Min. sample size = 368
Min. sample size = 736

Min. sample size = 2731

e e e R e e e L e e g o g o)

Min. sample size = 2731
Min. sample size = 736
Min. sample size = 368
Min. sample size = 146
Min. sample size =72
Min. sample size = 36
219 to 3.29 (97.4%)
2.64 to 3.31 (97%)
2.88 to 3.41 (95.8%)
3.04 to 3.51 (96.6%)
31210 3.53 (95.9%)
3.16 to 3.65 (97.1%)
3.24 to 3.98 (96.8%)
326 to 4.11(98.1%)
3.3t0 4.17 (96.8%)
33110 4.21(97.1%)
34310 4.42 (95.9%)
3.5110 4.43 (96.6%)
3.62 to 4.66 (95.8%)
3.65to 4.8 (97%)
4.02 to 4.93 (97.4%)
Min. sample size = 36
Min. sample size = 72
Min. sample size = 146
Min. sample size = 368
Min. sample size = 736

Min. sample size = 2731

Percentile Tolerance Intervals (Exact 95.0% Minimum)

50%
80%
90%
95%
98%
99%

99.73%

2.56 to 4.15 (96.5%)
1.72 to 4.67 (96.3%)
Min. sample size = 46
Min. sample size = 93
Min. sample size = 236
Min. sample size = 473
Min. sample size = 1756

3.62 to 4.84 (95.6%)
2.7 to 4.97 (97.9%)

Min. sample size = 46
Min. sample size = 93
Min. sample size = 236
Min. sample size = 473
Min_ sample size = 1756

3.04 to 4.42 (97.4%)
219 to 4.93 (98.1%)
Min. sample size = 46
Min. sample size = 93
Min. sample size = 236
Min. sample size = 473
Min. sample size = 1756

reported interval.

18. The specified 95% is a guaranteed minimum. The exact confidence level is given with each
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Part D - Histograms

Basic Histogram Template

Click SigmaXL > Templates and Calculators > Basic Graphical Templates > Histogram or
SigmaXL > Graphical Tools > Basic Graphical Templates > Histogram. See Part B — Templates
and Calculators for a Histogram Template example.

Single (Basic) Histogram

1. Click Sheet 1 Tab of Customer Data.xlsx (or press F4 to activate last worksheet).

N

Click SigmaXL > Graphical Tools > Basic Histogram.

w

Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

4. Select Overall Satisfaction, click Numeric Data Variable (Y) >> as shown:

Basic Histogram §|

Custorner Record Mo

Custormer Type
Avg Mo. of orders per
Next >>

Avg days Order to del |5"'""'“3"-'C e P &};l | Overall Satsfaction

Loyalty - Likely to Rect
Responsive to Calls

Ease of Communication =< Remove S
Staff Knowledge

5. Click Next. Ensure that Normal Curve is checked. Set Start Point = 1. Change the Bin Width to
0.5, and the Number of Bins to 8. Click Update Chart to view the histogram. (If the survey
satisfaction data was pure integer format, we would have checked the Integer Data option).

Histogram Basic Chart Options

v Mormal Curve Start Point 1 Finish
i i Cancel
[~ Integer Data i AT 0.5

(Bin Width = 1}
Number of G Help

- Bins
r Descriptive
Statistics ¥ Save

Defaults

Note: For SigmaXL Mac version, click SigmaXL > Graphical Tools > Basic Histogram Options to
set options. The Histogram Basic Chart is displayed after you click Finish.
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6. Click Finish. A histogram of Overall Customer Satisfaction is produced.

1.00 §

o o o
3 8 3
IS © P

Overall Satisfaction

7. Note that bin oneis 1to < 1.5, bin 2 is 1.5 to < 2, etc.

Tip: Any graph produced by SigmaXL can be Copied/Pasted into Word. It can also be enlarged
by clicking on the graph and dragging the corner. The number of decimal places displayed can
be modified by clicking on the Axis Label and selecting the Number tab to adjust. The text label

alignment can also be modified by: Select Axis, Right Click, Format Axis.

Multiple Histograms

1. Click Sheet 1 Tab of Customer Data.xlsx (or press F4 to activate last worksheet).

2. Click SigmaXL > Graphical Tools > Histograms & Descriptive Statistics.

3. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

4. Select Overall Satisfaction, click Numeric Data Variables (Y) >>, select Customer Type, click

Group Category (X1) >> as shown:

Histograms & Descriptive Statistics (=3

Customer Record Mo - -

Order Date Numeric Data Variables (Y) >> | Overall Satisfaction

Avg Mo. of orders per

Avg days Order to deli

Loyalty - Likely to Rec Cancel

Responsive to Calls

Ease of Communicatiol Help

Staff Knowledge :

Size of Customer | Group Category (X1) >> | | Customer Type

Major-Complaint v Mormal Curve

Product Type Group Category (X2) >> |

Sat-Discrete I SameX &Y Axes
™ Add Title

Confidence Level | 95.0
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5. Click OK. Multiple Histograms and Descriptive Statistics of Customer Satisfaction By Customer
Type are produced:

Overall Satisfaction - Customer Type: 1

Count = 31

Mean = 3.394
Stdev = 0.824680
Range = 3.08

Minimum = 1.720

25th Percentile (Q1) = 2.810
50th Percentile (Median) = 3.560
75th Percentile (Q3) = 4.020
Maximum = 4.8

95% Cl Mean = 3.09 to 3.70

2R 8 3 o ¥ 08 B 8 T 3 OE 3 |e5%cCIsigma=0.66t0 1.10
— — oy oy [} o o o o =t =t =t =t
Overall Satisfaction - Customer Type: 1 Anderson-Darling Normality Test:
A-Squared = 0.312776; p-value = 0.5306
12 4
Overall Satisfaction - Customer Type: 2
10
Count = 42
. Mean = 4.205
Stdev = 0.621200
5 Range = 2.56
Minimum = 2.420
4 4 25th Percentile (Q1) = 3.828
50th Percentile (Median) = 4.340
2 75th Percentile (Q3) = 4.725
Maximum = 4,98
0 - 95% Cl Mean = 4.01t0 4.40
283 &8 3 o5 &8 & B 8% - I £ % |95%cCISigma=0.51t00.79
— — oy oy o4 o o o o =t =t =t =t
Overall Satisfaction - Customer Type: 2 Anderson-Darling Normality Test:
A-Squared = 0.826259; p-value = 0.0302
12 4
Owerall Satisfaction - Customer Type: 3
10 4
Count = 27
o Mean = 3.641
Stdev = 0.670478
Range = 2.74

Minimum = 2.190

25th Percentile (Q1) = 3.240
50th Percentile (Median) = 3.510
75th Percentile (Q3) = 4.170
Maximum = 4.93

95% Cl Mean = 3.38to 3.91

TR 8 3 o5 03 08 B O - F K F  |os%ciSigma=0.53t00.92
-— -— (] (] (] o o o o =t =t =t =t
Overall Satisfaction - Customer Type: 3 Anderson-Darling Normality Test:

A-Squared = 0.389291; p-value = 0.3600

Clearly Customer Type 2 shows a higher level of overall satisfaction, with the data skewed left.
Note that Customer Type 1 and 3 have data that is normally distributed, but this is not desirable
when the response is a satisfaction score!

6. Note that bin oneis 1.72 to < 1.99, bin 2 is 1.99 to < 2.26, etc. The number of decimals
displayed can be changed by double-clicking on the X axis, click Number tab, and adjust decimal
places.
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Part E - Dotplots

Dotplots

1. Click Sheet 1 Tab of Customer Data.xlsx (or press F4 to activate last worksheet). Click SigmaXL

> Graphical Tools > Dotplots.

2. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

3. Select Overall Satisfaction, click Numeric Data Variable (Y) >>, select Customer Type, click

Group Category (X1) >>:

Dotplots

Customer Record No

Order Date

Avg days Order to deli
Lovyalty - Likely to Rect
Responsive to Cals
Ease of Communicatiol
Staff Knowledge

Size of Customner
Major-Complaint
Product Type
Sat-Discrete

Numeric Data Variables (¥) >> |

Overall Satisfaction

| Group Category (X1) >> || Customer Type

<< Remove

-

OK>>

Help

Add Title

R

4. Click OK. Multiple dotplots of Customer Satisfaction By Customer Type are produced:

Overall Satisfaction - Customer Type: 2

&4
s +*
@
= 2 + ++ + + 4+ »
H 1 LR EE F EE A ¥ *
L 0 T T T T T

172 222 272 3.22 372 422 472

Overall Satisfaction - Customer Type: 1

&4 .
H [ ..
s 2 * -, * LR T T2 2 I 2
g +* + L A T AR T T T AR TS
L 0 T T T T T

172 222 272 3.22 372 422 472

*

Frequency
&1 L=
i I E—

*
- * *
L SEEEEEES & BN

*

*

172 222

2.72 3.22 372 422

Overall Satisfaction - Customer Type: 3

472

5. Since all data points are shown, dotplots are a useful alternative to Histograms, particularly

when the group sample sizes are small (n < 30).
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Part F - Boxplots & Multiple X Boxplots

Boxplots

1. Click Sheet 1 Tab of Customer Data.xlsx (or press F4 to activate last worksheet).

2. Click SigmaXL > Graphical Tools > Boxplots.

3. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.
4. Select Overall Satisfaction, click Numeric Data Variable (Y) >>, select Customer Type, click

Group Category (X1) >>, check Show Mean, check Show Legend:

Boxplots Pz|
Customer Record Mo Numeric Data ¥ariable (Y} | Overall Satisfaction
oK >

Crder Date

Avg Mo, of orders per

&yg days Order to del Cancel
Lowalty - Likely to Rect =
Responsive to Calls

Ease of Communication Help
Staff Knowledge

Size of Customner
Major-Cornplaint

Product Type

Sat-Discrete Group Category (X1) >> | Custamer Type ¥ Show Mean

Group Category (X2} ==

<< Remove I— Add Title

5. Click OK. A boxplot of Customer Satisfaction By Customer Type is produced:

Customer Type
5.5 -
" ]
45
s
g 4+
‘ Media
"g x 25th
T35 75t
2]
= 91 ke Mean
g Out
o Il
£ 3
(o)
25 °
2
1.5 1 1 2 3

6. The legend indicates that the solid center line is the median. The dashed red line shows the

sample mean. The top of the box is the 75t percentile (Q3). The bottom of the box is the 25t
percentile (Q1). The height of the box is called the Inter-Quartile Range (IQR) and is a robust
measure of spread or sample variability. The data point highlighted for Customer Type 2 is a
potential outlier (< Q1 —-1.5 * IQR or > Q3 + 1.5 * IQR). Note that extreme outliers are
highlighted with a solid dot (< Q1 -3 * IQR or > Q3 + 3 * IQR).
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Tip: If you hover your mouse cursor in the middle of any of the Boxplot lines as shown, you will see
the balloon help indicating what the line is and its numeric Y value.

Series "Median” Point "8"
{ (8, 4.34)

o

7. Now we will modify the Y axis scale, showing 1 as minimum and 5 as maximum (given that the
response data comes from a survey with 1-5 scale). To do this right click on the Y axis and
select “Format Axis”, modify the minimum value and maximum value. Change Horizontal axis

crosses > Axis value to 1 as shown:

Format Axis

AXIS OPTIONS ¥  TEXT OPTIONS
DO = ol

4 AXIS OPTIONS

Bounds
Minimum
Maximum 5.0 Reset

Units
Major 1.0 Reset
Minor 1.0 Reset

Harizontal axis crosses

Automatic
* Axis value 1
Maximum axis value

Display units Maone A

Logarithmic scale 10

Values in reverse order
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8. The Boxplot axis is modified as shown below:

Customer Type

________ — | edian

= 25th
Toth

——— Mean

o Cutliers:

Owverall Satisfaction
L

9. Click Recall SigmaXL Dialog menu or press F3 to recall last dialog.

10. Select Overall Satisfaction, click Numeric Data Variable (Y) >>; select Customer Type, click
Group Category (X1) >>; select Size of Customer, click Group Category (X2) >>; check Show
Mean; uncheck Show Legend:

Boxplots ['5_<|

Custormner Record Mo Numeric Data Yariable {Y)=> | ‘ Crverall Satisfaction
Crder Date

Avg Mo, of aorders per
Avg days Order to deli
Lowalty - Likely to Rect
Responsive to Calls

Ease of Communication

Staff Knnwledie

Product Type
Sat-Discrate

oK ==

Cancel

Help

Group Category (X1) = | | Customer Type T

Group Category (%2} == | | Size of Custorner

_<<Remove " adae
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11. Click OK. Boxplots of Customer Satisfaction By Customer Type and Size are produced:

Ci Type - Size of Ci = Large Customer Type - Size of Customer: Small

Overall Satisfaction
I
Overall Satisfaction

12. In order to adjust the Y-axis scale for both charts, click SigmaXL Chart Tools > Set Chart Y-Axis
Max/Min.

Set Chart ¥ -Axis Scale

Enter a Minimum and,/or Maximum Y-AHis

value for all charts on this sheet. 0K=>
Y-Axis Maximum: | 5 Cancel
Y-Axis Minimum: | 1| Help

13. Click OK. The Y-axis scale maximum and minimum are now modified for both charts.
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Multiple X Boxplots

Multiple X Boxplots allow you to create boxplots with one Y variable and multiple group category
X’s. A row of boxplots will be created, one for each X variable. This is useful for easy comparison of
the effect of each category X.

1. Click Sheet 1 Tab of Customer Data.xlsx (or press F4 to activate last worksheet).
2. Click SigmaXL > Graphical Tools > Multiple X Boxplots.
3. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

4. Select Overall Satisfaction, click Numeric Data Variable (Y) >>. Select Customer Type, Size of
Customer, Major-Complaint, and Product Type. Click Group Category Variables (X) >>. Check
Show Mean, uncheck Show Legend:

Multiple X Boxplots >

Customer Recard Mo Nymeric Data Variable (Y) >» | | Owverall Satisfaction
Order Date

Avg Mo, of orders pe

A days Order to de Cancel
Lovalty - Likely to Re ) Cretomar Tome -
Fesponsiveto Call:  Group Category Variables (X) | Size of Cust};t?ner Help

kajor-Complaint
Froduct Type

DK >>»

Ease of Communical
Staff knowledge

SatDiscrete

v Show Mean

[ Show I__EEﬂd
<« Bemove I Add Title

Tip: Be careful to not select a continuous variable for Group Category Variables (X), as each
unique value will be considered as a category level. If SigmaXL detects a variable with more
than 50 levels a warning is given. For example, if Responsive to Calls was selected:

Microsoft Excel

Warning: Responsive to Calls has more than 50 levels.
Are you sure that you want to use this variable in Group Category (X7
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5. Click OK. A row of boxplots showing Overall Satisfaction by Customer Type, Size of Customer,
Major-Complaint and Product Type are produced (note that this will take about one minute):

Customer Type Size of Customer
55 55
5 5
45 45
= =
2 4 S .
S =
& &
17 »
= 35 =35
@ @
T T
g s g 3
o (]
25 o 25
2 2
15 1 2 3 15 Large small
Major-Complaint Product Type
55 55
5 | 5
45 | | | 45
= c
2 a 1 g 4
G ]
= =
13 k]
© 35 @35
3 3
E E
g 3 | : 3
=] I =]
25 25
2 2
15 Difficult-to-order Not-availabl Order-takes-too-long Return-calls Wrong-color 15 Consumer Manufacturer
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Part G - Normal Probability Plots

Normal Probability Plots

1. Create 100 random normal values as follows: Click SigmaXL > Data Manipulation > Random
Data > Normal. Specify 1 Column, 100 Rows, Mean of 100 and Standard Deviation of 25 as
shown below:

'Normal Random Mumber Generator
Start Cell: | sast
Select Distribution: J Marmal
Number of Columns: ] 1
Number of Rows: J 100
Mean: J 100
Standard Deviation: J 25

2. Click OK. Change Column heading to Normal Data.

3. Create a Histogram & Descriptive Statistics for this data. Your data will be slightly different due
to the random number generation:

20 Normal Data
Count =100
Mean = 96.999
StDev = 26.751
Range = 134.25

15 A

10 A Minimum = 27.311

25th Percentile (Q1) = 81.855

50th Percentile (Median) = 96.682
75th Percentile (Q3) = 116.20

Maximum = 161.5645

95% CI Mean = 91.69 to 102.21

0~ T T T T T T ' |95% CI Sigma = 23.49 to 31.08
"~ a [=] — I o w o
o~ 4] ] o ~ o @ =]

~ o« =i} o o~
- o~ o uw o
- o~ Lol il ~

Normal Data Anderson-Darling Normality Test:
A-Squared = 0.309523; P-Value = 0.5510

If the P-Value of the Anderson-Darling Normality test is greater than or equal to .05, the data is
considered to be normal (interpretation of P-Values will be discussed further in Analyze).

4. Create a normal probability plot of this data: Click SigmaXL Random Data (1) Sheet, Click
SigmaXL > Graphical Tools > Normal Probability Plots.

5. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

6. Select Normal Data, click Numeric Data Variable (Y) >>. Check Add Title. Enter Example
Normal Prob Plot. Click OK.
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7. Click OK. A Normal Probability Plot of simulated random data is produced (again, your plot will
be slightly different due to the random number generation):

Example Normal Prob Plot

2.37 +
1.37 4
&
=) 0.37
]
w
=
-0.63
-1.63
-2.63 T T T T T
3] 8 S 3] S 3 8 3 8 8 3
S S g 2 g S 2 g g 2 g
Normg Data O = a i =

The data points follow the straight line fairly well, indicating that the data is normally distributed.
Note that the data will not likely fall in a perfectly straight line. The eminent statistician George
Box uses a “Fat Pencil” test where the data, if covered by a fat pencil, can be considered normal!
We can also see that the data is normal since the points fall within the normal probability plot 95%
confidence intervals (confidence intervals will be discussed further in Analyze).

8. Click Sheet 1 Tab of Customer Data.xlsx.
9. Click SigmaXL > Graphical Tools > Normal Probability Plots.

10. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.
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11. Select Overall Satisfaction; click Numeric Data Variable (Y) >>. Click OK. A Normal Probability
Plot of Customer Satisfaction data is produced:

NSCORE

-0.63

-1.63

-2.63 T T T T T T
N My W ] e “ i -

Overall Satisfaction

Is this data normally distributed? See earlier histogram and descriptive statistics of Customer
Satisfaction data.

12. Now we would like to stratify the customer satisfaction score by customer type and look at the
normal probability plots.

13. Click Sheet 1 of Customer Data.xlsx. Click SigmaXL > Graphical Tools > Normal Probability
Plots. Ensure that Entire Table is selected, click Next. (Alternatively, press F3 or click Recall
SigmaXL Dialog to recall last dialog).

14. Select Overall Satisfaction, click Numeric Data Variable (Y) >>; select Customer Type as Group
Category (X) >>. Click OK. Normal Probability Plots of Overall Satisfaction by Customer Type
are produced:

e
3
B

9

L

Overall Satisfaction - Customer Type: L Overall Satisfaction - Customer Type: 2 Overall Satisfaction - Customer Type: 3

Reviewing these normal probability plots, along with the previously created histograms and
descriptive statistics, we see that the satisfaction data for customer type 2 is not normal, and
skewed left, which is desirable for satisfaction data! Note that although the customer type 2 data
falls within the 95% confidence intervals, the Anderson Darling test from descriptive statistics
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shows p < .05 indicating nonnormal data. Smaller sample sizes tend to result in wider confidence
intervals, but we still see that the curvature for customer type 2 is quite strong.

Tip: Use the Normal Probability Plot (NPP) to distinguish reasons for nonnormality. If the data fails
the Anderson-Darling (AD) test (with p < 0.05) and forms a curve on the NPP, it is inherently
nonnormal or skewed. Calculations such as Sigma Level, Pp, Cp, Ppk and Cpk assume normality and
will therefore be affected. Consider transforming the data using LN(Y) or SQRT(Y) or using the Box-
Cox Transformation tool (SigmaXL > Data Manipulation > Box-Cox Transformation) to make the
data normal. Of course, whatever transformation you apply to your data, you must also apply to
your specification limits. See also the Process Capability for nonnormal data tools.

If the data fails the AD normality test, but the bulk of the data forms a straight line and there are
some outliers, the outliers are driving the nonnormality. Do not attempt to transform this data!
Determine the root cause for the outliers and take corrective action on those root causes.
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Part H- Run Charts

Run charts, also known as trend charts and time series plots, add the dimension of time to the

graphical tools. They allow us to see trends and outliers in the data. Run Charts are a precursor to
control charts, which add calculated control limits. Note that Run Charts should be used only on

unsorted data, in its original chronological sequence.

Basic Run Chart Template

Click SigmaXL > Templates and Calculators > Basic Graphical Templates > Run Chart or
SigmaXL > Graphical Tools > Basic Graphical Templates > Run Chart. See Part B — Templates

and Calculators for a Run Chart Template example.

Run Charts

1. Click Sheet 1 Tab of Customer Data.xIsx (or press F4 to activate last worksheet). Click SigmaXL
> Graphical Tools > Run Chart. Ensure that entire data table is selected. If not, check Use Entire
Data Table. Click Next.

2. Select Overall Satisfaction, click Numeric Data Variable (Y) >>. Select Show Mean. Uncheck
Nonparametric Runs Test (to be discussed later in Part N of Analyze Phase).

Run Chart

Customer Record Mo
Crder Date

Customer Type

Ayg Mo, of orders per mo
Ayg days Order to delivery
Layalty - Likely to Recomm

5D
Ease of [Dmmunl[atmns
Staff Knowledge
Size of Customer
Major-Cornplaint
Product Type

Numeric Data Variable (¥) > Overall Satisfaction
Optional X-Axis Labels >

<< Remove

" Show Median
+ Show Mean

" Show None

r Add Title

I” Nonparametric Runs Test

%)

OK >>
Cancel
Help

3. Click OK. A Run Chart of Overall Satisfaction with Mean center line is produced.
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4. Select theY axis, Right Click, Format Axis, to activate the Format Axis dialog. Change Minimum
to 1, Maximum to 5, Horizontal axis crosses > Axis value to 1:

Format Axis

AXIS OPTIONS ¥  TEXT OPTIONS
o
SO 0 o= ol

4 AXIS OPTIONS
Bounds
Minimum 1.0 Reset
Maximum 5.0 Reset
Units
Majar 0.5 Auto
Minor 01 Auto

Harizantal axis crosses

Automatic
*® Axisvalug 1
Maximum axis value

Display units Mone v

Logarithmic scale 10

Values in reverse order

5. The chart is automatically updated.

6. Are there any obvious trends? Some possible cycling, but nothing clearly stands out. It may be
interesting to look more closely at a specific data point. Any data point value can be identified
by simply moving the cursor over it:

LI L L I"‘l\e,l T T T T 1

Series 1Point 78 | |

:!,:"‘:lft;)(‘\{ Value: 1.72
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7.

9.

A label can be added to a data point by one single-click on the data point, followed by a Right
mouse click, and select Add Data Label. See also SigmaXL Chart Tools > Add Data Label in
Control Phase Tools, Part B - X-Bar & Range Charts.

Delete Series
K: Reset to Match Style
11 Change Series Chart Type...

Select Data...

Add Data Label I}) k
Add Trendline...

14 Format Data Point...

Click OK. Resulting Run Chart with label attached to data point:
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Run Chart: Overall Satisfaction
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This label can be changed to a text comment. Single-click three times on the label and type in a
comment as shown:
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Run Chart: Overall Satisfaction
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Overlay Run Charts

1. Click Sheet 1 Tab of Customer Data.xlsx (or press F4 to activate last worksheet). Click SigmaXL
> Graphical Tools > Overlay Run Chart.

2. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

3. Select Overall Satisfaction, Responsive to Calls and Ease of Communications. Click Numeric Data

Variable (Y) >>.

Overlay Run Chart

x]

Customer Record Mo

Owerall Satisfaction

Crder Date

Mumeric Data Yariables (¥) ==

Responsive to Calls 0K =2

Custormer Type

Lwig Mo, of arders per
2vg days Order to deli
Loyalty - Likely to Rect

Staff Knowledge
Size of Customer
Major-Cormplaint

Ease of Cornrmunicatior
Cancel

Help

Optional X-Axis Labels > ‘

Product Type
Sat-Discrete

Add Title

¢ Bk

<< Remove | [

4. Click OK. An Overlay Run Chart of Overall Satisfaction, Responsive to Calls and Ease of
Communications is produced.

D

—@— Overall Satisfaction
| —®— Responsive to Calls
Ease of Communications

9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97
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Part I - Measurement Systems Analysis

Type 1 Gage Study Template

Click SigmaXL > Templates and Calculators > Basic MSA Templates > Type 1 Gage Study or
SigmaXL > Measurement Systems Analysis > Basic MSA Templates > Type 1 Gage Study.

See Basic MSA Templates — Type 1 Gage Study for an example of the Type 1 Gage Study template.

Gage Bias and Linearity Study Template

Click SigmaXL > Templates and Calculators > Basic MSA Templates > Gage Bias and Linearity
Study or SigmaXL > Measurement Systems Analysis > Basic MSA Templates > Gage Bias and
Linearity Study.

See Basic MSA Templates — Gage Bias and Linearity Study for an example of the Gage Bias and

Linearity Study template.

Gage R&R Study (MSA) Template

Click SigmaXL > Templates and Calculators > Basic MSA Templates > Gage R&R Study (MSA) or
SigmaXL > Measurement Systems Analysis > Basic MSA Templates > Gage R&R Study (MSA).

See Basic MSA Templates — Gage R&R Study (MSA) for an example of the Gage R&R Study (MSA)
template. If you wish to analyze the template data with the Gage R&R Analysis Tool, click Create

Stacked Column Format for “Analyze Gage R&R"” >>.

After entering the data into the Gage R&R Study template, you can create Gage Multi-Vari & X-bar
R charts. Click SigmaXL > Templates and Calculators > Basic MSA Templates > Gage R&R: Multi-
Vari & X-bar R Charts or SigmaXL > Measurement Systems Analysis > Basic MSA Templates >
Gage R&R: Multi-Vari & X-bar R Charts. See Basic MSA Templates - Gage R&R: Multi-Vari & X-bar
R Charts for an example.

Attribute Gage R&R (MSA) Template

Click SigmaXL > Templates and Calculators > Basic MSA Templates > Attribute Gage R&R (MSA) or
SigmaXL > Measurement Systems Analysis > Basic MSA Templates > Attribute Gage R&R (MSA).
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See Basic MSA Templates — Attribute Gage R&R (MSA) for an example of the Attribute Gage R&R
(MSA) template.

Create Gage R&R (Crossed) Worksheet

1. To create a blank Gage R&R worksheet, click SigmaXL > Measurement Systems Analysis >
Create Gage R&R (Crossed) Worksheet. A crossed Gage R&R study means that every
operator/appraiser will measure every part/sample.

Create Gage R&R (Crossed) Worksheet

Number of Parts/Samples: | 10 j Ok === |
Number of Operators;Appraisers: | 3 - Cancel

Number of Replicates,/Trials: 3 - Help
¥ Randomize Parts/Samples

|+ Randomize Operators/Appraisers

Part;/Sample Names:

rs
1: Part 01
2 Part 02
3: Part D3

hd
Operator,Appraiser Names:
rs
1: Operator A
2 Operator B
3: Operator C
hd

2. The default settings are 10 Parts, 3 Operators, 3 Replicates with Parts and Operators
randomized. Clicking the Reset button will restore the dialog to these default settings.

3. Part and Operator names can be edited.

4. Click OK. The following worksheet is produced:
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Gage R&R Study (Crossed) Worksheet

Gage Name:
Date of Study:
Performed By:
Notes:
Run Order Std. Order Part Operator Measurement

1 B6|Part 09 Operator C

2 B1|Part 01 Operator C

3 B5|Part 02 Operator C

4 74 |Part D5 Cperator C

5 B4 |Part 02 DOperator C

5] 03|Part DB Cperator C

7 71|{Part 04 Operator C

8 BE|Part 02 Operator C

9 B2|Part 01 Operator C

10 S0{Part 10 Operator C

11 76|Part 06 Dperator C

12 80{Part 07 DOperator C

13 73|Part D5 Cperator C

14 79|Part 07 DOperator C

15 B3|Part 01 Operator C

5. Your worksheet order will be different due to the randomization. The results of the Gage R&R
study are entered in the yellow highlighted Measurement cells.
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Analyze Gage R&R (Crossed)

1. Open the file Gage RR — AIAG.xlsx. This is an example from the Automotive Industry Action

Group (AIAG) MSA Reference Manual, 3rd Edition, page 101. Note that parts were measured in

random order, but the worksheet is given in standard order.

2. Click SigmaXL > Measurement Systems Analysis > Analyze Gage R&R (Crossed). The data
worksheet is recognized by SigmaXL and highlighted automatically. Click Next.

3. Select Part, Operator and Measurement as shown. Check Display Multi-Vari & X-Bar R Charts.

Check Tolerance/Historical StDev (Optional) and enter 8 for the Process Tolerance Upper-

Lower Spec.

Analyze Gage R&ER (Crossed)

Run Crder Part ==

Std. Crder
Operator =2

Measurement ==

<< Remove

v ‘Display Multi-¥ari & X-Bar R Charts

[+ Report Information {Dptional)

Gage Name: | AIAG Exarnple, MSL Reference

Performed By: |

Date: |

Notes: | Parts were measured in randon

| Part
oK=>
| Cperatar
Cancel
| MeasLirernent
Help
B -

Standard Deviation Multiplier:

]

q

Alpha to Remove Interaction:

Confidence Level: 0.0

| Tolerance/Historical StDey {Dptional)

(* Upper-Lower Spec: =]
" Upper Spec:
" Lower Spec:

Historical Process
Standard Deviation:

111

o
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4. Click OK. The following Gage R&R Study Report is produced:

Gage R&R Study (Crossed) Report

Gage Name:

AlAG Example, MSA Reference Manual, 3rd Edition, Page 101

Date of Study:

Performed By:

Notes:

Parts were measured in randorn order, but warksheet is given in standard order.

Process Tolerance (USL - LSL): 8
Historical Process Standard Deviati
Standard Deviation Multipli g
Alpha to Remove Interaction: 0.1
Confidence Level: 90.0
Number of Parts: 10
Number of Operators: 3
Number of Replicates: 3
Design Type: Balanced
Analysis of Variance with Part * Operator Interaction:
Source DF SS MS F P
Part: a 85.362 2.8180 452,29 0.0000
Operator: 2 3.1673 1.5836 75,406 0.0000
Part * Operator: 15 0.3585382|  0.019243457 0.433721 0.9741
Repeatability: G0 27589  0.0455932002
Total: =] 24647 1.06
Analysis of Variance without Part * Operator Interaction (P for Interaction >= 0.1):
Source DF SS MS F P
Part: a 85.362 2.8180 24561 0.0000
Operator: 2 3.1673 1.5836 39617 0.0000
Repeatability: 78 31179 0.039973275
Total: g5 9464711222 1.053450659
StDev StDev % Total % TV % TV
Gage R&R Metrics StDev Lower 90% ClI | Upper 90% CI 6 * StDev Variation (TV) | Lower90% ClI | Upper 90% Cl
Gage R&R: 0.302372 0.235108 1.03 1.8142 27 .86 15.46 70.93
Operator (AV Appraiser Variation) 0.226835 0127545 1.01 1.3610 20.80
Part * Operator (INT Interaction): 1] 1] 1] 1] 0.00
Reproducibility (SQRT{AVA2 + INT*2)): 0.226835 0127545 1.01 1.3610 20,90
Repeatability (EV Equipment Variation) 0.199933 0176915 0.230560 1.1995 15.42
Part Variation (PV]): 1.04 0.758521 1.7170 5.2540 95.04
Total Variation (TV]: 1.09 0.816092 1.8111 5.5118 100.00

% Tolerance % Tolerance
Gage R&R Metrics| % Tolerance Lower 90% Cl | Upper 90% CI
Gage R&R: 22 68 17.63 77.50
Operator (AV Appraiser Variation): 17.01 9.57 76.03
Part * Operator (INT Interaction): 0.0 0.0o 0.0
Reproducibility (SQRT(AVA2 + INT~2)): 17.01 9.57 76.03
Repeatability (EV Equipment Variation): 14.99 13.27 17.29
Part Variation (PV): 7817 o691 128.78
Total Variation (TV): 51.40 51.21 13583

% Comtribution of

Variance Variance
Gage RER Metrics Cumpunent Component

Gage R&R: 0.0514258538 776

Operator: 0.051455261 4.37

Part * Operator: 0 0.00

Reproducibility: 0.051455261 437

Repeatability: 0.039597 3276 3.39

Part Variation: 1.09 92.24

Total Variation: 1.1779 100.00

NDC NDC
Gage R&R Metrics) NDC Lower 90% CI | Upper 90% CI
Number of Distinct Categories

(Signal-to-Noise Ratio: 1.41 * PV/R&R): 4.9 1.4 2.0
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5.

8.

The first ANOVA table shows that the Operator * Part Interaction is not significant with the P-
Value = 0.9741 (greater than the alpha-to-remove value of 0.1). The second ANOVA table
shows the results excluding the Part * Operator Interaction.

The cells shaded in light blue highlight the critical metrics: Gage R&R % Total Variation (also
known as %R&R) and %Tolerance: < 10% indicates a good measurement system;

> 30% indicates an unacceptable measurement system. The Number of Distinct Categories
should be at least 5. Initial analysis shows that this is a marginal measurement system.
(Traditionally NDC is truncated to an integer value, but SigmaXL reports a more informative one
decimal place).

SigmaXL also reports the confidence intervals for the Gage R&R metrics. Note that when the
confidence intervals are taken into account, it is possible that this measurement system is
totally inadequate. This strongly suggests that the measurement system needs to be improved
but it also points out the weakness of the traditional Gage R&R study with 10 Parts, 3
Operators, and 3 Replicates. These sample sizes will typically yield wide confidence intervals.
For statistical details of the Gage R&R confidence intervals see Burdick, R. K., Borror, C. M., and
Montgomery, D. C., “Design and Analysis of Gauge R&R Studies: Making Decisions with
Confidence Intervals in Random and Mixed ANOVA Models”, ASA-SIAM Series on Statistics and
Applied Probability, 2005.

Click on the Gage R&R — Multi-Vari Sheet tab to view the Multi-Vari Chart:

Mean Options: Total

Gage R&R Multi-Vari Gage R&R Multi-Vari

0.80 0.80

0304+ e — 0.30

-020 - -020
-0.70 -070 - D —— T

-120 -1.20 _l B—

-170 -1.70

220 220
Operator A OperatorB Operator G Operator A Operator B Operator G

Operator - Part 01 Operator - Part 02

The Multi-Vari chart shows each Part as a separate graph. Each Operator’s response readings
are denoted as a vertical line with the top tick corresponding to the Maximum value, bottom
tick is the Minimum, and the middle tick is the Mean. The horizontal line across each graph is
the overall average for each part.
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9. Click on the Gage R&R — X-Bar R Sheet tab to view the X-

Gage R&R - X-Bar by Operator
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When interpreting the X-bar and R chart for a Gage R&R study, it is desirable that the X-bar
chart be out-of-control, and the Range chart be in-control. The control limits are derived from
within Operator repeatability. The Range chart indicates a problem with Operator B being

inconsistent.
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Attribute MSA (Binary)

Attribute MSA is also known as Attribute Agreement Analysis. Use the Binary option if the assessed
result is text or numeric binary (e.g., 0/1, Pass/Fail, Good/Bad, G/NG, Yes/No).

1. Open the file Attribute MSA — AIAG.xlIsx. This is an example from the Automotive Industry
Action Group (AIAG) MSA Reference Manual, 3™ edition, page 127 (4" Edition, page 134).
There are 50 samples, 3 appraisers and 3 trials with a 0/1 response. A “good” sample is denoted
as a 1. A “bad” sample is denoted as a 0. Note that the worksheet data must be in stacked
column format and the known reference values must be consistent for each sample.

2. Click SigmaXL > Measurement Systems Analysis > Attribute MSA (Binary). Ensure that the
entire data table is selected. Click Next.

3. Select Part, Appraiser, Assessed Result and Reference as shown. Check Report Information and
enter AIAG Attribute MISA Binary for Product/Unit Name. Select Percent Confidence Interval
Type — Exact. The default Good Level of “1” will be used as specified in the AIAG manual:

Attribute MSA (Binary) @
PartjSample »>> ‘ | Part
Appraiser >> ‘ | Appraiser Cancel
Assessed Result »> ‘ | Aszessed Result Help
True Standard (Optional) >> ‘ | Feference
<< Remove

_ o] Lol 72 ‘ K

¥ Report Information {Optional) Confidence Level | 950

Percent Confidence Interval Type:
Product/Unit Name: | AIAG Attrbute MSA Binary|

" Wilson Score

Performed By:

+ Exact

|
Date: |
MNotes: |

Tip: The Good Level definition is used to determine Type | and Type Il error rates. Itis
applicable only when a True Standard is selected.

Tip: Percent Confidence Interval Type applies to the Percent Agreement and Percent
Effectiveness Confidence Intervals. These are binomial proportions that have an "oscillation"
phenomenon where the coverage probability varies with the sample size and proportion value.
Exact is strictly conservative and will guarantee the specified confidence level as a minimum
coverage probability, but results in wider intervals. Wilson Score has a mean coverage
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probability that matches the specified confidence interval. Since the intervals are narrower and
thereby more powerful, Wilson Score is recommended for use in attribute MSA studies due to
the small sample sizes typically used. Exact is selected in this example for continuity with the
results from SigmaXL Version 6.

Click OK. The Attribute MSA Binary Analysis Report is produced. The tables and associated
graphs are described separately by section for clarity.

Tip: While this report is quite extensive, a quick assessment of the attribute measurement
system can be made by viewing the Kappa color highlights: Green - very good agreement
(Kappa >=0.9); Yellow - marginally acceptable, improvement should be considered (Kappa 0.7
to < 0.9); Red - unacceptable (Kappa < 0.7). Further details on Kappa are given below.
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Within Appraiser Agreement is an assessment of each appraiser’s consistency of ratings across
trials and requires at least two trials. This is analogous to Gage R&R Repeatability. Note that the
reference standard is not considered, so an appraiser may be perfectly consistent but consistently
wrong!

Percent/Cl: Within Appraiser Agreement Graph:

100.0 +
90.0 - i
80.0 - f

70.0 -
60.0 -
50.0 -
40.0 -
30.0 A
20.0
10.0 -

0.0 T T 1
A B C

Percent/Cl: Within Appraiser
Agreement

Kappa/Cl: Within Appraiser Agreement Graph:

1.00 -
0.90 -
0.80 -
0.70 -
0.60 -
0.50 -
0.40 -
0.30 -
0.20 -
0.10 -
0.00 . . |
A B C

Agreement

Kappa/Cl: Within Appraiser

Within Appraiser Agreement Table:

Attribute Agreement Report:

Fleiss' Kappa Fleiss' Kappa 95.0%
P-Value LC

A 50 42 84.00 70.89 92.83 0.7600 0.0000 0.6000 0.9200

B 50 45 90.00 78.19 96.67 0.3451 0.0000 0.6850 1.0000

[ 50 40 80.00 66.28 89.97 0.7029 0.0000 0.5429 0.8629

Within Appraiser Agreement #lnspected | #Matched | Percent | 95.0%LC (Exact) | 95.0% UC (Exact) Fleiss' Kappa Fleiss' Kappa 95.0% UC

Within Appraiser Percent Agreement will decrease as the number of trials increase because a
match occurs only if an appraiser is consistent across all trials. Use the Kappa/Cl: Within Appraiser
Agreement Graph to determine adequacy of the Within Appraiser agreement. See below for
additional interpretation guidelines.

Tip: Hover the mouse pointer over the heading cells to view the following report comments.
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# Inspected: Number of parts or samples.
# Matched: A match occurs only if an appraiser is consistent across all trials.
Percent Agreement = (# Matched / # Inspected) * 100

LC = Percent Lower Confidence Limit. UC = Percent Upper Confidence Limit. Confidence intervals
(CI) for binomial proportions have an "oscillation" phenomenon where the coverage probability
varies with n and p. Exact is strictly conservative and will guarantee the specified confidence level
as a minimum coverage probability, but results in wide intervals. Wilson Score has a mean
coverage probability that matches the specified confidence interval. Since the intervals are
narrower and thereby more powerful, they are recommended for use in attribute MSA studies due
to the small sample sizes typically used. See Appendix Percent Confidence Intervals (Exact Versus

Wilson Score) for references.

Fleiss’ Kappa statistic is a measure of agreement that is analogous to a “correlation coefficient” for
discrete data. Kappa ranges from -1 to +1: A Kappa value of +1 indicates perfect agreement. If
Kappa = 0, then agreement is the same as would be expected by chance. If Kappa = -1, then there
is perfect disagreement. “Rule-of-thumb” interpretation guidelines: >= 0.9 very good agreement
(green); 0.7 to < 0.9 marginally acceptable, improvement should be considered (yellow); < 0.7
unacceptable (red). See Appendix Kappa for further details on the Kappa calculations and “rule-of-
thumb” interpretation guidelines.

Fleiss’ Kappa P-Value: HO: Kappa = 0. If P-Value < alpha (.05 for specified 95% confidence level),
reject HO and conclude that agreement is not the same as would be expected by chance. Significant
P-Values are highlighted in red.

Fleiss' Kappa LC (Lower Confidence) and Fleiss' Kappa UC (Upper Confidence) limits use a kappa
normal approximation. Interpretation Guidelines: Kappa lower confidence limit >= 0.9: very good
agreement. Kappa upper confidence limit < 0.7: the attribute agreement is unacceptable. Wide
confidence intervals indicate that the sample size is inadequate.

In this example, we have marginal Within Appraiser Agreement for each of the appraisers.
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Each Appraiser vs. Standard Agreement is an assessment of each appraiser’s ratings across trials
compared to a known reference standard. This is analogous to Gage R&R Accuracy.

Percent/Cl: Each Appraiser vs. Standard Agreement Graph:
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Each Appraiser vs. Standard Agreement Table:

Fleiss" Fleiss' Ka| Fleiss" Ka 95.0%
Each Appraiser vs. Standard Agreement #Inspected | #Matched | Percent | 95.0% LC (Exact) | 95.0% UC (Exact) ] K:r::i W "l',’i,ams‘“’ elss sza Fleiss’ Kappa 95.0% UC

A 50 42 84.00 70.89 92.83 0.8802 0.0000 0.7202 1.0000
B 50 45 90.00 7819 96 67 0.0000 0.7626 1.0000
C 50 40 80.00 66.28 89.97 0.7747 0.0000 0.6147 0.9347

Tip: The Percent/Cl Each Appraiser vs. Standard Agreement Graph can be used to compare
agreement to standard across the appraisers, but should not be used as an absolute measure of
agreement. Each Appraiser vs. Standard Agreement will decrease as the number of trials increase
because a match occurs only if an appraiser agrees with the standard consistently across all trials.
Use Fleiss’ Kappa in the Each Appraiser vs. Standard Agreement Table to determine the adequacy
of Each Appraiser versus Standard agreement.

# Inspected: Number of parts or samples.

# Matched: A match occurs only if an appraiser agrees with the standard consistently across all
trials.

Percent Agreement = (# Matched / # Inspected) * 100

Kappa is interpreted as above: >=0.9 very good agreement (green); 0.7 to < 0.9 marginally
acceptable, improvement should be considered (yellow); < 0.7 unacceptable (red).

Appraisers A and C have marginal agreement versus the standard values. Appraiser B has very good
agreement to the standard.
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Each Appraiser vs. Standard Disagreement is a breakdown of each appraiser’s rating
misclassifications (compared to a known reference standard). This table is applicable only to binary
two-level responses (e.g., 0/1, G/NG, Pass/Fail, True/False, Yes/No).

Type! Typell Wixed Wixed
Erors, | TPENENOT Emorts Error Error%
A 0 0.00 0 0.00 8 16.00 Error Type Assessment True Standard
B 0 0.00 0 0.00 5 10.00 Type It 0 1

c 0 500 0 000 0 20.00 Typeli: 1 3
Wixed: Assessments across lals are not identical

Each Appraiser vs. Standard Disagreement Type 1 Error Disagreement Legend

A Type | Error occurs when the appraiser consistently assesses a good part/sample as bad. "Good"
is defined by the user in the Attribute MSA analysis dialog.

Type | Error % = (Type | Error / # Good Parts or Samples) * 100

A Type Il Error occurs when a bad part/sample is consistently assessed as good.
Type Il Error % = (Type |l Error / # Bad Parts or Samples) * 100

A Mixed Error occurs when the assessments across trials are not identical.

Mixed Error % = (Mixed Error / # Parts or Samples) * 100

Between Appraiser Agreement is an assessment of the appraisers’ consistency of ratings across
trials and between each other. At least two appraisers are required. This is analogous to Gage R&R
Reproducibility. Note that the reference standard is not considered, so the appraisers may be
perfectly consistent, but consistently wrong!

Fleiss' Fleiss’ Kappa Fleiss' Kappa 95.0%
Kappa P-Value Lc
50 39 78.00 64.04 88.47 0.7936 0.0000 0.7474 0.8398

Between Appraiser Agreement #Inspected | # Matched Percent 95.0% LC (Exact) | 95.0% UC (Exact) Fleiss' Kappa 95.0% UC

All Appraisers vs. Standard Agreement is an assessment of all appraisers’ ratings across trials
compared to a known reference standard. This is analogous to Gage R&R Accuracy.

Fleiss' Fleiss' Kappa Fleiss Kappa 95.0%
Kappa P-Value Lc
50 39 78.00 64 04 88 47 08592 0.0000 0.7668 09516

All Appraisers vs. Standard Agreement # Inspected | # Matched Percent 95.0% LC (Exact) | 95.0% UC (Exact) Fleiss’ Kappa 95.0% UC

Kappa is interpreted as above: >=0.9 very good agreement (green); 0.7 to < 0.9 marginally
acceptable (yellow); < 0.7 unacceptable (red).

Since the Between Appraiser Agreement and All Appraisers vs. Standard Agreement are
marginally acceptable, improvements to the attribute measurement should be considered. Look
for unclear or confusing operational definitions, inadequate training, operator distractions or poor
lighting. Consider the use of pictures to clearly define a defect.
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The Attribute Effectiveness Report is similar to the Attribute Agreement Report, but treats each
trial as an opportunity. Consistency across trials or appraisers is not considered. This has the
benefit of providing a Percent measure that is unaffected by the number of trials or appraisers.
Also, the increased sample size for # Inspected results in a reduction of the width of the Percent
confidence interval. The Misclassification report shows all errors classified as Type | or Type Il.
Mixed errors are not relevant here. This report requires a known reference standard and includes:
Each Appraiser vs. Standard Effectiveness, All Appraisers vs. Standard Effectiveness, and
Effectiveness and Misclassification Summary.

Each Appraiser vs. Standard Effectiveness is an assessment of each appraiser’s ratings compared
to a known reference standard. This is analogous to Gage R&R Accuracy. Unlike the Each Appraiser
vs. Standard Agreement table above, consistency across trials is not considered here - each trial is
considered as an opportunity. This has the benefit of providing a Percent measure that is
unaffected by the number of trials. Also, the increased sample size for # Inspected results in a
reduction of the width of the Percent confidence interval.

Percent/Cl: Each Appraiser vs. Standard Effectiveness Graph:
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Each Appraiser vs. Standard Effectiveness Table:

Attribute Effectiveness Report:

Each Appraiser vs. Standard Effectiveness #Inspected | #Matched | Percent | 95.0% LC (Exact) | 95.0% UC (Exact) ] z‘z: l F'e;f’a'f::"“ RS Kipc‘"’ 359% | 1giss’ Kappa 95.0% UC

A 150 142 94 67 89.76 97 67 08788 0.0000 0.7187 1.0000
B 160 145 96.67 92.39 98.91 0.0000 0.7629 1.0000
C 150 135 90.00 84.04 94 29 07739 0.0000 06138 09339

# Inspected = # Parts or Samples * # Trials

# Matched: A match occurs if an appraiser agrees with the standard (consistency across trials is not
considered here).

Percent Effectiveness = (# Matched / # Inspected) * 100. Interpretation Guidelines for Percent
Effectiveness: => 95% very good; 85% to <95% marginal, may be acceptable but improvement
should be considered; < 85% unacceptable. These guidelines assume an equal number of known
good and known bad parts/samples.

Kappa is interpreted as above: >= 0.9 very good agreement (green); 0.7 to < 0.9 marginally
acceptable (yellow); < 0.7 unacceptable (red).

Tip: The Kappa values in the Effectiveness tables are very similar to those in the Agreement tables
(the slight difference is due to average Kappa for unstacked versus Kappa for stacked data). Thisis
why the Kappa/Cl Each Appraiser vs. Standard Agreement graph is not shown. It would essentially
be a duplicate of the Kappa/Cl Each Appraiser vs. Standard Effectiveness graph.

Appraisers A and C have marginal agreement versus the standard values, with less than 95%
Effectiveness and Kappa < 0.9. Appraiser B has very good agreement to the standard.
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All Appraisers vs. Standard Effectiveness is an assessment of all appraisers’ ratings compared to a
known reference standard. This is analogous to Gage R&R Accuracy. Unlike the All Appraiser vs.
Standard Agreement table above, consistency across trials and appraisers is not considered here -
each trial is considered as an opportunity. This has the benefit of providing a Percent measure that
is unaffected by the number of trials or appraisers. Also, the increased sample size for # Inspected
results in a reduction of the width of the Percent confidence interval.

Fleiss® Fleiss' Ka Fleiss’ Kaj 95.0%
All Appraisers vs. Standard Effectiveness #Inspected | # Matched Percent | 95.0% LC (Exact) | 95.0% UC (Exact) K:r;:- ‘ﬁhlnsvﬂ ai=s LEF"’

450 422 9378 9113 95 83 08581 0.0000 0.7657 0.9505

Fleiss' Kappa 95.0% UC

# Inspected = # Parts or Samples * # Trials * # Appraisers

# Matched: A match occurs if an appraiser agrees with the standard (consistency across trials and
appraisers is not considered here).

Percent Effectiveness = (# Matched / # Inspected) * 100.

The interpretation guidelines for Kappa and Percent Effectiveness are the same as noted above.
This measurement system is marginally acceptable.
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Each Appraiser vs. Standard Misclassification is a breakdown of each appraiser’s rating
misclassifications (compared to a known reference standard). This table is applicable only to binary
two-level responses (e.g., 0/1, G/NG, Pass/Fail, True/False, Yes/No). Unlike the Each Appraiser vs.
Standard Disagreement table above, consistency across trials is not considered here. All errors are
classified as Type | or Type Il. Mixed errors are not relevant.

#nspected | Type |
) Eror %
A 5 102 490 3 48 625 Error Type | Assessment [ True Standard
B 2 102 1% 3 48 625 Type I: | 0 | 1
C 9 102 882 6 48 12,50 Type II: | 1 [ 0

Type Il e lmeiicat
Each Appraiser vs. Standard Misclassification Type | Error Type Il Error # Inspected (0) i Misclassification Legend

A Type | error occurs when the appraiser assesses a good part/sample as bad (consistency across
trials is not considered here). "Good" is defined by the user in the Attribute MSA analysis dialog.
See Misclassification Legend for specific definition of Type | and Type Il Errors.

# Inspected = # Good Parts or Samples * # Trials
Type | Error % = (Type | Error / # Inspected Good) * 100

A Type Il error occurs when a bad part/sample is assessed as good. See Misclassification Legend
for specific definition of Type | and Type Il Errors.

# Inspected = # Bad Parts or Samples * # Trials

Type Il Error % = (Type Il Error / # Inspected Bad) * 100

All Appraisers vs. Standard Misclassification is a breakdown of all appraisers’ rating
misclassifications (compared to a known reference standard). This table is applicable only to binary
two-level responses (e.g., 0/1, G/NG, Pass/Fail, True/False, Yes/No). Unlike the All Appraisers vs.
Standard Disagreement table above, consistency across trials and appraisers is not considered
here. All errors are classified as Type | or Type Il. Mixed errors are not relevant.

i ) i ) # Inspected Type | Type ll
All Appraisers vs. Standard Misclassification Type | Error 1) Error % Error %

16 306 523 12 144 §.33

Type Il Error # Inspected (0)

A Type | error occurs when the appraiser assesses a good part/sample as bad (consistency across
trials is not considered here). "Good" is defined by the user in the Attribute MSA analysis dialog.
See Misclassification Legend for specific definition of Type | and Type Il Errors.

# Inspected = # Good Parts or Samples * # Trials * # Appraisers
Type | Error % = (Type | Error / # Inspected Good) * 100

A Type Il error occurs when a bad part/sample is assessed as good. See Misclassification Legend
for specific definition of Type | and Type Il Errors.

# Inspected = # Bad Parts or Samples * # Trials * # Appraisers

Type Il Error % = (Type Il Error / # Inspected Bad) * 100
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Effectiveness and Misclassification Summary is a summary table of all appraisers’ correct rating
counts and misclassification counts compared to the known reference standard values.

Effectiveness and Misclassification Summary Standard (0) | Standard (1)
Appraiser (0) 132 16
Appraiser (1) 12 250

Attribute MSA Data is a summary showing the original data in unstacked format. This makes it
easy to visually compare appraiser results by part. If a reference standard is provided, the cells are
color highlighted as follows: agrees with reference (green); Type | error (yellow); Type Il error (red):

Attribute MSA Data:

In conclusion, with the Kappa scores in the “yellow zone” (< 0.9) and Percent Effectiveness less
than 95% this measurement system is marginal and should be improved. Appraiser B is the
exception and does well against the standard. Look for unclear or confusing operational definitions,
inadequate training, operator distractions or poor lighting. Consider the use of pictures to clearly
define a defect. Use Attribute MSA as a way to “put your stake in the ground” and track the
effectiveness of improvements to the measurement system.
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Attribute MSA (Ordinal)

Attribute MSA is also known as Attribute Agreement Analysis. Use the Ordinal option if the
assessed result is numeric ordinal (e.g., 1, 2, 3, 4, 5). There must be at least 3 response levels in the
assessed result, otherwise it is binary. Examples of ordinal responses used elsewhere in this
workbook include:

e Customer Loyalty —Likely to Recommend score which contains ordinal integer values from 1
to 5, where a 1 indicates that the customer is very unlikely to recommend and a 5 indicates
that the customer is very likely to recommend. This example is used in Ordinal Logistic
Regression.

e Taste Score on a scale of 1-7 where 1 is "awful" and 7 is "delicious." This is used in the cake
bake taste test Design of Experiments: Part B — Three Factor Full Factorial Example Using
DOE Template.

An Ordinal Attribute MSA study should be done prior to formal ordinal data collection for use in
hypothesis testing, regression or design of experiments.

1. Open the file Attribute MSA — Ordinal.xlsx. This is an Ordinal MSA example with 50 samples, 3
appraisers and 3 trials. The response is 1 to 5, grading product quality. One denotes “Very Poor
Quality,” 2 is “Poor,” 3 is “Fair,” 4 is “Good” and a 5 is “Very Good Quality.” The Expert
Reference column is the reference standard from an expert appraisal. Note that the worksheet
data must be in stacked column format and the reference values must be consistent for each
sample.

2. Click SigmaXL > Measurement Systems Analysis > Attribute MSA (Ordinal). Ensure that the
entire data table is selected. Click Next.
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3. Select Sample No., Appraiser, Assessed Result and Expert Reference as shown. Check Report
Information and enter Attribute MSA Ordinal for Product/Unit Name. Select Percent
Confidence Interval Type — Wilson Score:

Attribute (Ordinal) (=5
Part}Sample »>>» ‘ | Sample Mo.
Appraiser >> ‘ | Appraiger Cancel
Assessed Result »» ‘ | Assessed Result Help
True Standard (Optional) >> ‘ | Expert Feference
<< Bemove
¥ Report Information {Optional) Confidence Leve] IW

Percent Confidence Interval Type:
Product/Unit Name: | Attribute MSA [rdinal
* Wilson Score

Performed By:
" Exact

|
Date: |
|

Notes:

4. Click OK. The Attribute MSA Ordinal Analysis Report is produced.

Tip: While this report is quite extensive, a quick assessment of the attribute measurement
system can be made by viewing the Kendall Concordance and Kendall Correlation color
highlights: Green - very good agreement; Yellow - marginally acceptable, improvement should
be considered; Red - unacceptable. Further details on the Kendall Coefficients are given below.

Tip: Fleiss’ Kappa and Percent Agreement are included in the report for completeness but not
recommended for use with Ordinal response data because they treat each response level as
nominal. Kendall’s Concordance and Correlation take the order of the data into account, so a
deviation of 1 is not as bad as a deviation of 2 or more. See Attribute MSA — Nominal for a
discussion of the Fleiss’ Kappa report.
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Kendall’s Concordance/Cl Within Appraiser Agreement Graph:

1.00 - =
0.90 -

0.80 - i

0.70 ~
0.60 -

0.50 - }
0.40 -
0.30 ~
0.20 -
0.10 -

0.00 T T ]
Joe Moe Sue

Kendall's Concordance/fCl:
Within Appraiser Agreement

Within Appraiser Agreement Table:

Aftribute Agreement Report:

Kendall's
e n 95.0% LC 95.0% UC Kendall's Coeff. Kendall's Concordance Kendall's
Within Appraiser Agreement # Inspected # Matched Percent (Score) (Score) Concordance PValue Concordance 95.0% LC Concordance 95.0%

UC
Joe 50 14 28.00 1747 41.67 0.8204 0.0000 0.7234 0.8772
Moe &0 2 400 1.10 13.46 0.0048 04112 0.6351
Sue 50 40 80.00 66.96 8876 0.0000 0.9670 0.9308

Between Appraiser Agreement Table:

Kendall's
. 95.0% LC 95.0% UC Kendall's Coeff. | Kendall's Concordance Kendall's
Bel " # #Matched Percent (Score) (Score) Concordance P-Value Concordance 95.0% LC Conwrdagw e
50 1 200 0.35 1050 0.0000 0.5649 07214

Kendall's Coefficient of Concordance (Kendall's W) is a measure of association for discrete ordinal
data, used for assessments that do not include a known reference standard. Kendall’s coefficient
of concordance ranges from 0 to 1: A coefficient value of 1 indicates perfect agreement. If the
coefficient = 0, then the agreement is random, i.e., the same as would be expected by chance.
“Rule-of-thumb” interpretation guidelines: >= 0.9 very good agreement (green); 0.7 to < 0.9
marginally acceptable, improvement should be considered (yellow); < 0.7 unacceptable (red).
See Appendix Kendall’s Coefficient of Concordance for further details on the Kendall Concordance
calculations and “rule-of-thumb” interpretation guidelines.

Kendall's Concordance P-Value: HO: Kendall's Coefficient of Concordance = 0. If P-Value < alpha
(.05 for specified 95% confidence level), reject HO and conclude that agreement is not the same as
would be expected by chance. Significant P-Values are highlighted in red.

Kendall's Concordance LC (Lower Confidence) limit and Kendall's Concordance UC (Upper
Confidence) limit cannot be solved analytically, so are estimated using bootstrapping. See Appendix
Kendall’s Coefficient of Concordance for further details on the bootstrap confidence intervals.
Interpretation Guidelines: Concordance lower confidence limit >= 0.9: very good agreement.
Concordance upper confidence limit < 0.7: the attribute agreement is unacceptable. Wide
confidence intervals indicate that the sample size is inadequate.

The Within Appraiser Agreement for Joe is marginal, Moe is unacceptable and Sue is very good.

The Between Appraiser Agreement is unacceptable.

155



SigmaXL: Measure Phase Tools

Kendall’s Correlation/Cl Each Appraiser vs. Standard Effectiveness Graph:
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Each Appraiser vs. Standard Agreement Table:

: 9B.0%LC | 95.0%UC Kendall's Kendall's Correlation | Kendall's Correlation | Kendall's C
Each vs. Standard # # Matched Percent (Score) (Score) | Correlation Coeff. P-Value 95.0% LC 95.0% UC
Joe 50 1 2200 12.75 24 07323 0.0000 06215 08427

Moe 50 2 4.00 1.10 1346 0.0000 0.3057 05265
Sue 50 40 80.00 66.96 88.76 0.0000 0.8391 1.0000

All Appraisers vs. Standard Agreement Table:

# Natched Percent 95.0% LC 95.0% UC Kendall's Kendall's C: i Kendall's C i Kendall's C

Al vs. Standard Ag #Insp (Score) (Score) | Correlation Coeff. PValue 95.0% LC 95.0% UC

50 1 2.00 0.35 10.50 0.6993 0.0000 0.6355 0.7631

Each Appraiser vs. Standard Effectiveness Table:

) ) 95.0%1C | 950%UC Kendall's Kendall's Correlation | Kendall's Correlation | Kendall's C

Each vs. Standard & # #Matched Percent (Score) (Score) | Correlation Coefr. PValue 95.0% LC 95.0% UC
Joe 150 81 £4.00 160 6178 0.7280 00000 06201 08359
Woe 150 7 FEE 2445 3014 0.0000 0.3058 05217
Sue 150 34 5933 3338 9333 0.0000 05399 1.0000

All Appraisers vs. Standard Effectiveness Table:

o . - ) " % Matched Percent 95.0% LC 95.0% UC Kendall's Kendall's C i Kendall's C fon | Kendall's C:
ve. Standard S P a ercen (Score) (Score) | Correlation Coeff. PValue 95.0% LC 95.0% UC
450 262 58.22 53.61 62 69 06830 0.0000 06211 0 7448

Kendall's Correlation Coefficient (Kendall's tau-b) is a measure of association for discrete ordinal
data, used for assessments that include a known reference standard. Kendall’s correlation
coefficient ranges from -1 to 1: A coefficient value of 1 indicates perfect agreement. If the
coefficient = 0, then the agreement is random, i.e., the same as would be expected by chance. A
coefficient value of -1 indicates perfect disagreement. “Rule-of-thumb” interpretation guidelines:
>= 0.8 very good agreement (green); 0.6 to < 0.8 marginally acceptable, improvement should be
considered (yellow); < 0.6 unacceptable (red). See Appendix Kendall’s Correlation Coefficient for
further details on the Kendall Correlation calculations and “rule-of-thumb” interpretation
guidelines.
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Kendall's Correlation P-Value: HO: Kendall's Correlation Coefficient = 0. If P-Value < alpha (.05 for
specified 95% confidence level), reject HO and conclude that agreement is not the same as would
be expected by chance. Significant P-Values are highlighted in red.

Kendall's Correlation LC (Lower Confidence) and Kendall's Correlation UC (Upper Confidence) limit
use a normal approximation. Interpretation Guidelines: Correlation lower confidence limit >= 0.8:
very good agreement. Correlation upper confidence limit < 0.6: the attribute agreement is
unacceptable. Wide confidence intervals indicate that the sample size is inadequate.

Tip: Kendall’s Correlation values in the Effectiveness tables are very similar to those in the
Agreement tables (the slight difference is due to average Kendall for unstacked versus Kendall for
stacked data). This is why the Kendall’s Correlation/Cl Each Appraiser vs. Standard Agreement
graph is not shown. It would essentially be a duplicate of the Kendall’s Correlation/Cl Each
Appraiser vs. Standard Effectiveness graph.

Appraiser Joe has marginal agreement versus the standard values. Appraiser Moe has
unacceptable agreement to the standard. Sue has very good agreement to the standard.

Overall, the appraisers have marginal agreement to the standard.

Note that the Percent Agreement results in All Appraisers vs. Standard Agreement Table show
only 2% agreement! This is due to the requirement that all appraisers agree with the standard
across all trials for a 5-level response, which is very unlikely to occur. This highlights the problem
with using Percent Agreement in an Ordinal MSA. Kendall’s coefficients are the key metric to assess
an Ordinal MSA.
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Effectiveness and Misclassification Summary is a summary table of all appraisers’ correct rating
counts and misclassification counts compared to the known reference standard values.

Effectiveness and Misclassification Summary Standard (1) Standard (2) Standard (3) Standard (4) | Standard (5)
Appraiser Response (1) 102 20 3 2 0
Appraiser Response (2) 38 37 3 6 5
Appraiser Response (3) 8 14 19 20 6
Appraiser Response (4) 12 7 6 26 19
Appraiser Response (3) 2 3 5 9 78

Attribute MSA Data is a summary showing the original data in unstacked format. This makes it
easy to visually compare appraiser results by part. If a reference standard is provided, the cells are
color highlighted as follows: absolute deviation = 0 (green); absolute deviation = 1 (yellow);
absolute deviation >=2 (red):

Auribute MSA Data:

In conclusion, this measurement system is marginal and should be improved. Appraiser Moe needs
training and Appraiser Joe needs a refresher. Sue has very good agreement based on Kendall’s
Concordance and Correlation, but would have been considered marginal based on Kappa (< .9) and
Percent Effectiveness (< 95%). As discussed above, Kappa and Percent Effectiveness do not take
the order of the response data into account, so are not as useful as Kendall’s coefficients in an
Ordinal MSA study.
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Attribute MSA (Nominal)

Attribute MSA is also known as Attribute Agreement Analysis. Use the Nominal option if the
assessed result is numeric or text nominal (e.g., Defect Type 1, Defect Type 2, Defect Type 3).
There must be at least 3 response levels in the assessed result, otherwise it is binary.

1. Open the file Attribute MSA — Nominal.xlsx. This is a Nominal MSA example with 30 samples, 3
appraisers and 2 trials. The response is text “Type_1”, “Type_2"” and “Type_3.” The Expert
Reference column is the reference standard from an expert appraisal. Note that the worksheet
data must be in stacked column format and the reference values must be consistent for each
sample.

2. Click SigmaXL > Measurement Systems Analysis > Attribute MSA (Nominal). Ensure that the
entire data table is selected. Click Next.

3. Select Sample No., Appraiser, Assessed Result and Expert Reference as shown. Check Report
Information and enter Attribute MSA — Nominal for Product/Unit Name. Select Percent
Confidence Interval Type — Wilson Score:

Attribute (Nominal) =
Part/5 le »> Sample MNo.
Part{Sample ‘ p OK>»
Appraiser >» ‘ Appraiser Cancel
Assessed Result »> ‘ Assessed Result Help
True Standard (Optional) >> ‘ Expert Reference
<< Remove
¥ Report Information {Optional) Confidence Leve] | 45.0
Percent Confidence Interval Type:
Product{Unit Name: | Attribute MSA - Mominal
* YWilson Score
Performed By: |
" Exact
Date: |
MNotes: |

4. Click OK. The Attribute MSA Nominal Analysis Report is produced.

Tip: While this report is quite extensive, a quick assessment of the attribute measurement system
can be made by viewing the Kappa color highlights: Green - very good agreement (Kappa >= 0.9);
Yellow - marginally acceptable, improvement should be considered (Kappa 0.7 to < 0.9); Red -
unacceptable (Kappa < 0.7). See Attribute MSA (Binary) for a detailed discussion of the report
graphs and tables. Here we will just look at Kappa.
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Attribute Agreement Report:

Attribute Agreement Report:

o . Fleiss' Ka Fleiss' Kappa Overall | Fleiss' Kappa Overall |Fleiss' Kappa Overall| Fleiss' Kappa Response ||
Within Appraiser Agreement #Inspected # Matched Percent 95.0% LC (Score) | 95.0% UC (Score) | - O Res:o":» Respon;p:,v:une Respons:‘;;_w ic Respons:‘;;_w = ﬂ;’: N =
A 30 30 100.00 88.65 100.00 0.0000 07333 1.0000
B 30 29 96.67 8333 9941 0.0000 056799 1.0000
C 30 26 86.67 70.32 94.69 0.7849 0.0000 05184 1.0000
Fleiss’ Ka Fleiss Kappa Overall | Fleiss' Kappa Overall |Fleiss' Kappa Overall| Fleiss' Kappa R |
Each Appraiser vs. Standard Agreement #Inspected # Matched Percent 95.0% LC (Seore) | 95.0% UC (Score) m:fkes:::* ;:mnip;_w“’: ;:rms:‘; M‘E ;::Dns:; m‘u"(l: elss (T::: 1;""""""
A 30 29 96.67 8333 9941 0.0000 0.7581 1.0000
B 30 29 96.67 8333 9941 0.0000 07847 1.0000
C 30 25 8333 66.44 9266 0.8391 0.0000 06506 1.0000
. Fleiss’ Ka Fleiss’ Kappa Overall | Fleiss' Kappa Overall |Fleiss’ Kappa Overall| Fleiss' Kappa Response ||
Between Appraiser Agreement #Inspected #Matched Percent | 95.0%LC (Score) | 95.0% UC (Score) | o ol 0P | pValie. | Reaponeg 06.0% LC | Respones 05.0% UC ey T
30 25 8333 66.44 92,66 0.0000 08421 0.9798
Fleiss' Ka Fleiss' Kappa Overall | Fleiss' Kappa Overall |Fleiss' Kappa Overall| Fleiss' Kappa R I
All Appraisers vs. Standard Agreement #Inspected #Matched Percent | 95.0% LC (Score) | 95.0% UC (Score) M:ilﬁnes:::* ;:m";p:,v_,h,r: .f:,,.m;‘;‘m["c ;::.,m:;;mu':: o (T::: 1;!“0"!ie
30 25 8333 66.44 92.66 0.0000 08108 1.0000

Attribute Effectiveness Report:

Attribute Effectiveness Report:

Fleiss’ Ka Fleiss’ Ka ‘Overall | Fleiss” Ka Overall |Fleiss’ Ka Overall| Fleiss’ Ka Re
Each Appraiser vs. Standard Effectiveness #Inspected #Matched Percent 95.0% LC (Score) | 95.0% UC (Score) lelss Kappa jelss” Kappa Querall | Helss Kappa Ouerall | Flelss' Kappa Overall| Eelss appa Response

Overall Response | Response P-Value | Response 95.0% LC | Response 95.0% UC (Type_1)
A 60 58 96.67 88.64 99.08 0.0000 0.7581 1.0000
B 60 59 98.33 9114 99.71 0.0000 0.7847 1.0000

C 60 54 90.00 7985 9534 08399 0.0000 0.6513 1.0000

. . Fleiss' Kappa | Fleiss’ Kappa Overall | Fleiss' Kappa Overall | Fleiss’ Kappa Overall| Fleiss' Kappa Response
All Appraisers vs. Standard Effectiveness #Inspected #Matched Percent 95.0%LC (Score) | 95.0% UC(Score) | oo pocionee | Rosponsa Pvalue | Response 35.0% LC | Response 85.0% UC (Type.1)
180 171 95.00 90.77 97.35 0.0000 0.6111 1.0000

Effectiveness and Misclassification Summary | Standard (Type_1) | Standard (Type_2)| Standard (Type_3)

Appraiser Response (Type_1) 30 0 0
Appraiser Response (Type_2) 0 70 1
Appraiser Response (Type_3) 0 8 71

Fleiss’ Kappa statistic is a measure of agreement that is analogous to a “correlation coefficient” for
discrete data. Kappa ranges from -1 to +1: A Kappa value of +1 indicates perfect agreement. If
Kappa = 0, then agreement is the same as would be expected by chance. If Kappa =-1, then there
is perfect disagreement. “Rule-of-thumb” interpretation guidelines: >= 0.9 very good agreement
(green); 0.7 to < 0.9 marginally acceptable, improvement should be considered (yellow); < 0.7
unacceptable (red). See Appendix Kappa for further details on the Kappa calculations and “rule-of-
thumb” interpretation guidelines.

Fleiss’ Kappa P-Value: HO: Kappa = 0. If P-Value < alpha (.05 for specified 95% confidence level),
reject HO and conclude that agreement is not the same as would be expected by chance. Significant
P-Values are highlighted in red.

Fleiss' Kappa LC (Lower Confidence) and Fleiss' Kappa UC (Upper Confidence) limits use a kappa
normal approximation. Interpretation Guidelines: Kappa lower confidence limit >= 0.9: very good
agreement. Kappa upper confidence limit < 0.7: the attribute agreement is unacceptable. Wide
confidence intervals indicate that the sample size is inadequate.

Fleiss’ Kappa Overall is an overall Kappa for all of the response levels.

Fleiss’ Kappa Individual gives Kappa for each response level (Type_1, Type_2 and Type_3). Thisis
useful to identify if an appraiser has difficulty assessing a particular defect type.

This is a very good attribute measurement system, but Appraiser C is marginal so a refresher would
be helpful.
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Part ] - Process Capability

Process Capability Templates

Click SigmaXL > Templates and Calculators > Basic Process Capability Templates >
Process Sigma Level — Discrete Data or

Process Sigma Level — Continuous Data or

Process Capability Indices or

Process Capability & Confidence Intervals or

Tolerance Interval Calculator (Normal Exact).

These templates are also located at SigmaXL > Process Capability > Basic Process Capability
Templates.

See Measure Phase Part B — Templates and Calculators for Process Capability Template examples:

Basic Process Capability Templates — Process Sigma Level — Discrete Data

Basic Process Capability Templates — Process Sigma Level — Continuous Data

Basic Process Capability Templates — Process Capability Indices

Basic Process Capability Templates — Process Capability & Confidence Intervals

Basic Process Capability Templates — Tolerance Interval Calculator (Normal Exact)
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Histograms and Process Capability

1. Open the file Delivery Times.xlsx. This contains continuous data of hotel breakfast delivery
times. Deviation Time is the deviation around targeted delivery time in minutes. The Critical
Customer Requirements (CCR’s) are as follows: USL = 10 minutes late, LSL = -10 minutes (early).

2. Let’s begin with a view of the data using Histograms and Descriptive Statistics. Click SigmaXL >
Graphical Tools > Histograms & Descriptive Statistics.

3. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

4. Select Delivery Time Deviation, click Numeric Data Variable (Y) >>. Click OK.

Delivery Time Deviation

Count =725

Mean = 6.004
Stdev =7.162
Range = 37.35

Minimum = -11.900

25th Percentile (Q1) =1.299
50th Percentile (Median) = 6.300
75th Percentile (Q3) = 10.666
Maximum = 25.4493

95% CI Mean = 5.48 to 6.53

P St S S a EE 95% CI Sigma = 6.81 to 7.55

4.4

wooa =m0 P
TGO oo =

@ m
— O

Delivery Time Deviation Anderson-Darling Normality Test:
A-Squared = 0.708616; p-value = 0.0641

Note that the data has an average of 6, so on average the breakfast delivery is 6 minutes late.
Also note the wide variation in delivery times (StDev = 7.2 minutes). With the AD P-Value > .05,
this data can be assumed to have a normal distribution.
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5. Click Sheet 1 Tab. Click SigmaXL > Process Capability > Histograms & Process Capability (or
SigmaXL > Graphical Tools > Histograms & Process Capability).

6. Select Delivery Time Deviation, click Numeric Data Variable (Y) >>. Enter USL = 10, Target = 0,

LSL = -10, check Normal Curve as shown below:

Histograms & Process Capability

Floor

Numeric Data Variables (¥) >> ‘ Delivery Time Deviatiol

0K =>

Help

|

Group Category (X1) == ‘ |

Group Category (X2) == ‘ |

<< Remove

Target | 0

Enter Spec Limits

UsL 10

LsL -1

i

¥ Mormal Curve

I Add Title

7. Click OK. Resulting Histogram & Process Capability report is shown below:

LSL=-10 Target =0 UsL =10

0o <o
®o W

Ly = P
CII‘—N

4.4

- o un ;W
o w o moO

Delivery Time Deviation

Delivery Time Deviation

Count=723

Mean = 6.004

Stdev (Overall) = 7.162
USL =10

Target=0

LSL=-10

Capability Indices using Overall Standard Deviation
Pp =047

Ppu=10.19

Ppl=10.74

Ppk=10.19

Cpm = 0.36

Expected Overall Performance
ppm > USL = 288409.3

ppm < LSL = 127205

ppm Total = 301129.8

% = USL = 28.84%

%< LSL=1.27%

% Total = 30.11%

Actual (Empirical) Performance
% = USL = 26.90%

% < LSL = 1.38%

% Total = 28.28%

With the Process Performance indices Pp and Ppk < 1, this process is clearly in need of
improvement. Note that the difference between Pp and Ppk is due to the off-center process
mean. (Cp and Cpk indices are provided in the Capability Combination Report or optionally

when creating Control Charts).
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Capability Combination Report (Individuals)

1. Open the file Delivery Times.xlsx.

2. Click SigmaXL >Process Capability > Capability Combination Report (Individuals).

Select Delivery Time Deviation, click Numeric Data Variable (Y) >>. Enter USL = 10, Target =0,
LSL =-10, as shown below:

Capability Combination Report (Individuals)

Delivery Tirne Deviation

Numneric Data Yariable (¥) > | | Delivery Time Deviation

Floar

Dptional X-Axis Labels ==

<« Remove

i

Individuals/Moving Range Control Chart Options

Individuals

{*+ Calculate Control Limits Estimate:
istori oo + Average MR 10
(" Historical Control Limits ucL g usL
" Median MR
I Tests for Special Causes Tar
L get 1]

e Individual CL

- Add Title | f Mean st [0
(e " Median

Spec Limits for Capability

Moving Range

4. Click OK. The resulting Process Capability Combination report is shown below:

LSLI=-1D Target =0 USLI= 10 | Process Capability Report: Delivery Time Deviation |
| Count 728
Mean 6.004
I StDev (Overall, Long Term) 7.162
| I StDev (Within, Short Term) 7.202
usL 10
. I Target 0
I LSL -10
Capability Indices using Overall StDev
I Pp 0.47]
Ppu 0.19
Ppl 0.74
Ppk 0.19
Cpm 0.36
Potential Capability Indices using Within StDev
Cp 0.46
A4.00 Cpu 0.15
Cpl 0.74
3.00 Cpk 0.18
2.00
Expected Overall Performance
W 100 ppm > USL | 288409.3
% ppm < LSL | 12720.5
o boo ppm Total | 301130
Z 1o %> USL | 28.84%
% < LSL 1.27%
-2.00 % Total [ 30.11%
-3.00 Actual (Empirical) Performance
i —3 S<tse T
< -38%
0 & o &
£ o &5 & % Total | 28 26%
Delivery Time Deviation. Anderson-Darling Normality Test
A-Squared | 0708616
PValue | 00641

164



SigmaXL: Measure Phase Tools

TR

2734
s 23|
E 17.34- "|| ‘ ‘ o |
i L ’ x
B rm |l\||. ||i‘ A Iu ] H'" 1 1'31 Iy "" “"" ‘ ||| |" "I ‘l!' l| I” J l‘"| *'. M‘!r i “"‘ l "‘ l ﬂ" "”T -I-" 1{ b
% S h ar]'lll “1 i ||||||||I |‘ml III "I. i .,l hillh‘l I’I III IM’II\!I ,|'|||| l ||| oF ‘ill',:'“' l[lliﬂli""lw” !' C"‘,l l l'lullll'"ll ll\l!"lllr ]|’i ‘Illl'”lll y
P! 265 # l |L| '
E 756 | ‘ ]
= 265 1560
1786
L {i\ 5:\ QP\ q;\ P\Q?\ }\ﬂ:\ ?\b‘?\ P@?\ \%\ (]9P\ {ﬁ?\ ﬁ}:\ (](PP\ rﬁ;\ ﬂ§5\ (5”:\ (9‘?\ ﬂ??\ @P\ QP\ &i\ bP:\ @?\ @?\ :&5\ <°{1:\ oy‘?\ t‘??\ 6?;\ @?\ Qﬁ:\ Qb:\ @?\ ﬁg\ ,\QP\ ,\{1:\
33.28

gm P 9 e 1 3 i
E |
% 23.28 | ‘ I |
ii 18.28 |] | \ | » HI
213 |||| “l l H“ g ] l' ‘ I’ H ‘ ‘ I
2 : || ' l| | ||
. l ‘lh ' il l' n m..n.nu‘.’! " ik | ‘I. mll I.nlli. i |II~ |" I ll|u’nl. g
=

:: ﬂ"""' Il" -~|£|1 1i;'||r”!{|n||]‘ !“"; 'w Mﬂ ,&i '|| :l,i! ”ﬁ”&‘l; v rz« i im"' ;l i“‘ :& ""il“u!lmql

FEF SRS EETEEF SIS S S FE S

5. Cpisthe “best case” potential capability index. Ppkis the “worst case” actual performance. If
Cp is excellent (say Cp =2) and Ppk is poor (say Ppk < 1), this indicates that the process can be
dramatically improved through centering and stabilizing. If Cp is poor, you will have to
implement fundamental improvements using DMAIC to address common cause variation. If
Ppk = Cp, this indicates that the process is centered and stable, and the short-term (within
subgroup) variation is the same as the long-term (overall) variation.

6. Cpm is a similar statistic but it incorporates a penalty for deviation from target.

7. On atechnical note regarding compatibility with other software tools, please be advised that
SigmaXL does not use unbiasing constants when calculating Overall StDev, Pp, Ppk and Cpm.
This is done in order to ensure that the calculated Overall StDev matches the results given in
Descriptive Statistics. Note that Within StDev, Cp and Cpk are based on control chart
techniques (MR-bar/d2 for Individuals Chart, R-bar/d2 for X-Bar & R, S-bar/c4 for X-Bar & S).
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Capability Combination Report (Subgroups)

1.

Open the file Catapult Data — Xbar Control Charts.xIsx. Each operator fires the catapult ball 3
times. The target distance is 100 inches. The Upper Specification Limit (USL) is 108 inches. The
Lower Specification Limit (LSL) is 92 inches.

Select B2:F22; here, we will only use the first 20 subgroups to determine the process capability
(subgroups 21 to 25 are studied later in Control Phase Tools: Statistical Process Control (SPC)
Charts: Part B - X-Bar & Range Charts).

Select SigmaXL > Process Capability > Capability Combination Report (Subgroups).

Do not check Use Entire Data Table!

Capability Combination @

Please select your data

| P J
Data Table Format
¥ Use Data Labels

| Use Entire Data Table

Next:=>

Help Cancel

Click Next. Select Subgroups across Rows, select Shot 1, Shot 2, Shot 3, click Numeric Data
Variables (Y) >>. Select Operator, click Optional X-Axis Labels >>. Select X-Bar & R Charts.
Check Tests for Special Causes. Enter USL = 108, Target = 100, LSL = 92, as shown:

Capability Combination Report (Subgroups)

gUbGTUIJ Mo " stacked Column Format {1 Numeric Data Column & Subgroup Size or Colurn)
2rator
{+ Subgroups across Rows {2 or More Mumeric Data Columns)
Shot 2
Shot 3
Numeric Data Yariables (Y} == ‘ Shot 1 OK == |
Shot 2
Shot 3 Cancel
_ _ Help
Dptional X-Axis Labels == | Operator
<< Remove
X-Bar & R Control Chart Options Spec Limits for Capability
X-Bar R

+ ¥-Bar & R Charts

(" ¥-Bar & S Charts ucL et 108

* Calculate Control Limits L Target 100

" Historical Control Limits

LSL
i Lo 2
[+ Tests for Special Causes
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6. Click OK. The resulting Process Capability Combination report is shown below:

LSL =92 Target = 100 UsL I= 108 | Process Capability Report: Shot 1 - Shot 3 |
10 I Count 60
Mean 100.37
3 I StDev (Overall, Long Term) 4.055
I StDev (Within, Short Term) 3721
USL 108
G I Target 100
LSL 92
N Capability Indices using Overall StDev
Pp 0.66
2 Ppu 0.63
Ppl 0.69
Ppk 0.63
= S e e Cpm 0.66
e B T o e e s B T = e R
pooceananarg 98388328320
Shot1 - Shot2 Potential Capability Indices using Within StDev
Cp 072
200 4 Cpu 0.68
Cpl 0.75
200 | Cpk 068
Expected Overall Performance
w 1.00 ppm > USL [ 298740
= ppm <LSL | 195319
S o000 - ppm Total 49406
2 % > USL 2.99%
-1.00 % < LSL 1.95%
% Total 4.94%
-2.00 -
Actual (Empirical) Performance
200 % = USL
- o 0' Q' G; 6; @' d; % < LSL 5.00%
o o ) ¢ < _ : % Total 5.00%
L Y S - SN .
Shot 1- Shot 3 Anderson-Darling Normality Test
A-Squared | 0530155
PValue | 0 1689
108.81
107.00 4
106.00 4
105.00 4
104.00 4
o 103.00 -
2 102.00
“ o100 /\ 10057
3 10000 4 *
% gom |
g 98.00 -
> 97.00 4
95.00 4
55.00 - Gz
94.00 4
93.00
I q$b I Q$b R Q$b N Qﬁ‘b
17.00 w2
18.00
15.00
14.00 4
13.00
12.00 4
© 11004
E 1000
w900 A
= 8004 /\ /\ o
& g'gg 1 # re N
& 5004 e
4.00
3.00 4
2.00 A
1.00 4 ooo
0.00
-1.00
U Q@&b & S Q$b U oi‘\b O Qﬁb

Tests for Special Causes - X-Bar: Shot 1 - Shot 3
Number of Data Points Failing Tests=0
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Capability Combination Report (Individuals Nonnormal)

An important assumption for process capability analysis is that the data be normally distributed.
The Capability Combination Report (Individuals Nonnormal) allows you to transform the data to
normality or utilize nonnormal distributions, including:

Box-Cox Transformation (includes an automatic threshold option so that data with negative values
can be transformed)

Johnson Transformation
Distributions supported:

= Half-Normal

= Lognormal (2 & 3 parameter)
=  Exponential (1 & 2 parameter)
=  Weibull (2 & 3 parameter)

= Beta (2 & 4 parameter)

= Gamma (2 & 3 parameter)

= |ogistic

= Loglogistic (2 & 3 parameter)
= Largest Extreme Value

= Smallest Extreme Value

Automatic Best Fit based on AD P-Value

For technical details, see Appendix: Statistical Details for Nonnormal Distributions and
Transformations. See also Andrew Sleeper, Six Sigma Distribution Modeling, for further
information on these methods.

Note that these transformations and distributions are particularly effective for inherently skewed
data but should not be used with bimodal data or where the nonnormality is due to outliers
(typically identified with a Normal Probability Plot). In these cases, you should identify the reason
for the bimodality or outliers and take corrective action. Another common reason for nonnormal
data is poor measurement discrimination leading to “chunky” data. In this case, attempts should
be made to improve the measurement system.
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Box-Cox Transformation

SigmaXL's default setting is to use the Box-Cox transformation which is the most common approach
to dealing with nonnormal data. Box-Cox is used to convert nonnormal data to normal by applying
a power transformation, YAlambda, where lambda varies from -5 to +5. You may select rounded or
optimal lambda. Rounded is typically preferred since it will result in a more “intuitive”
transformation such as Ln(Y) (lambda=0) or SQRT(Y) (lambda=0.5). If the data includes zero or
negative values, select Lambda & Threshold. SigmaXL will solve for an optimal threshold which is a
shift factor on the data so that all of the values are positive.

1. Open the file Nonnormal Cycle Time2.xlsx. This contains continuous data of process cycle
times. The Critical Customer Requirement is: USL = 1000 minutes.

2. Let’s begin with a view of the data using Histograms and Descriptive Statistics. Click SigmaXL >
Graphical Tools > Histograms & Descriptive Statistics.

3. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

4. Select Cycle Time (Minutes), click Numeric Data Variable (Y) >>. Click OK.

a5 Cycle Time (Minutes)
Count =30
20 Mean = 703.17
Stdev = 1181.0
15 Range = 6055.00
Minimum = 46
10 25th Percentile (01) = 184.75
50th Percentile (Median) = 382
5 75th Percentile (Q3) = 378.50
Maximum = 6101
o 95% Cl Mean = 262.19 to 1144.14
F < o o - < = & B |95% CI Sigma = 940.52 to 1587.57
o L o (] o0 Lo o —_—
—_ (] " 1] =+ Lo w
Cycle Time {Minutes) Anderson-Darling Normality Test:

A-Squared = 5.337; pvalue = 0.0000

Clearly this is a process in need of improvement. To start, we would like to get a baseline
process capability. The problem with using regular Capability analysis is that the results will be
incorrect due to the nonnormality in the data. The Histogram and AD P-Value < .05 clearly
show that this data is not normal.

5. We will confirm the nonnormality by using a Normal Probability Plot. Click Sheet 1 Tab (or F4).
Click SigmaXL > Graphical Tools > Normal Probability Plots.

6. Ensure that the entire data table is selected. If not, check Use Entire Data Table. Click Next.
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7. Select Cycle Time (Minutes), click Numeric Data Variable (Y) >>. Click OK. A Normal Probability
Plot of Cycle Time data is produced:

233

133 4

NSCORE

-1.17 A

-1.67

-2.17

Cycle Time (Minutes)

8. The curvature in this normal probability plot confirms that this data is not normal.

9. For now, let us ignore the nonnormal issue and perform a Process Capability study assuming a
normal distribution. Click Sheet 1 Tab. Click SigmaXL > Process Capability > Capability
Combination Report (Individuals).

10. Select Cycle Time (Minutes), click Numeric Data Variable (Y) >>. Enter USL = 1000; delete
previous Target and LSL settings.

Capability Combination Report (Individuals)

Cycle Time (Minutes)

Numeric Data Yariable {¥} == ‘ | Cyile Time (Minutes) oK =3

Optional X-Axis Labels == ‘ | (Cerueel

VAL

Help

i

=< Remove

Individuals/Moving Range Control Chart Options Spec Limits for Capability
Individuals Moving Range s
{* Calculate Control Limits Estimate:
N _ o 1000
™ Historical Control Limits ucL Average MR usL
" Median MR
[ Tests for Special Causes Tar
- get
a Individual CL
r Add Title ‘ {+ Mean LsL
LCL .
" Median
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11. Click OK. The resulting Process Capability Report is shown below:

U5L=I 1000

Process Capability Report: Cycle Time (Minutes) |

| Count 30
Mean 703.17]
I StDev (Overall, Long Term) 1181.0
I StDev (Within, Short Term) 70910
USL 1000
I Target
I LSL
Capability Indices using Overall StDev
Pp
Ppu 0.08
Ppl
Ppk 0.08
: T : T ] Cpm
E & & 2 5
o -
A & 5 3 3 Potential Capability Indices using Within StDev
Cycle Time (Minutes) Cp
250 - %P"I 0.14
* p
200 4
= A / Cpk 014
1.00 ! Expected Overall Perfformance
W 050 | ppm = USL | 400771.3
o ppm < LSL
0.00 +
b ppm Total | 400771
= 050 1 % =USL| 40.08%
-1.00 - % < LSL
A % Total | 40.08%
-1.50 - / (o o
200 1 - lo Actual (Empirical) Performance
-2.50 T T T T T 1 % = USL 10.00%
@ F P P PP % < LSL
S v & &S % Total |__1000%
Cycle Time (Minutes) Anderson-Darling Normality Test
A-Squared 5357
P Value 0.0000
5000.00 -
g 6000.00
§
£ 400000 o
E 283048
‘.'j 2000.00 4
E A Mean CL: 70347
= . ™ .
2 — " T e o g e e e T
E 0.00 4 H\t/. u \\'
-1424 13
2000 00
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Notice the discrepancy between the Expected Overall (Theoretical) Performance and Actual
(Empirical) Performance. This is largely due to the nonnormality in the data, since the expected
performance assumes that the data is normal. So why not just use the actual performance and
disregard the expected? This would not be reliable because the sample size, n = 30, is too small to
estimate performance using pass/fail (discrete) criteria.

Also note that the process appears to be out-of-control on both the individuals and moving range
charts.

12. We will now perform a process capability analysis using the Capability Combination Report for
Nonnormal Individuals. Click Sheet 1 Tab (or F4). Click SigmaXL > Process Capability >
Nonnormal > Capability Combination Report (Individuals Nonnormal). Ensure that the entire
data table is selected. If not, check Use Entire Data Table. Click Next.

13. Select Cycle Time (Minutes), click Numeric Data Variable (Y) >>. Enter USL = 1000. We will use
the default selection for Transformation/Distribution Options: Box-Cox Transformation with
Rounded Lambda. Check Tests for Special Causes as shown:

r 5
Capability Combination Report (Individuals - Nonnormal) ﬁ

Cycle Time (Minutes

Numeric Data Variable (¥) > | | Cycle Time (Minutes)

Optional X-Axis Labels > | | Cancel
<< Remove Help

Control Chart Options Spec Limits for Capability Capability Index Options

|v¥ Individuals - Original Data USL W

v Individuals/Moving Range - Normalized Data O

|¥ Tests for Special Causes Target
~
LsSL
™ Add Title

TransformationfDistribution Options

{* Box-Cox Transformation Box-Cox Transformation Options

o
" Johnson Transformation Rouded Eatnixia

~ -
" Automatic Best Fit O mall o

" Lambda & Threshold (Shift)

e
P e e

" Specify Distribution
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14. Click OK. The resulting Process Capability Combination report is shown below:

P Process Capability Report (Nonnormal): Cycle Time (Minutes)
ust=100p  Distribution: Box-Cox Box_Cox Transformation: Z = Ln[ Y )
I Sample Count 30
a0 Sample Mean 703.17]
I USL| 1000
55 I Target
30 LSL
| Lambda (Rounded) 0
5 Mean (Transformed) 5.920
20 I StDev (Transformed Overall, Long Term)| 1.061030703]
I StDev (Transformed Within, Short Term) 1.004837519]
15 USL (Transformed) 6.908
| Target (Transformed)
o LSL (Transformed)
5
Capability Indices using Transformed Overall StDev
o - PP
7 g g 2 &5 & & & & 8 Ppu 0.37
; 4 a 2 B B b @ 2 Ppl
Cycle Time (Minutes) Ppk] 031
Distribution: Box-Cox Potential Capability Indices using Transformed Within SDev
2.46 Cp
106 Cpu 0.33
Cpl
146 Cpk 0.33
@ 096
] Expected Overall Performance
@ 046 ppm > USL| 1760261
E -0.04 ppm < LSL
5 ppm Total 176026.1
Z 054 % = USL| 17 60%)
104 % < LSL,
% Total 17.60%
-154
204 Actual (Empirical) Performance
% = USL| 10.00%
'5<'9 “§ ‘;‘9 ‘O'db ’\SP % < LSL,
Ln(Cycle Time (Minutes)) % Total 10.00%|
Anderson-Darling Normality Tests
AD Normality Transformed Data 0.369554
AD Normality P-Value Transformed Data 0.4041
AD Normality Original Data 5.357]
AD Normality P-Value Original Data 0.0000
10000 00
“
sa00.0a
e
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The AD Normality P-Value Transformed Data value of 0.404 confirms that the Box-Cox
transformation to normality was successful. The process capability indices and expected
performance can now be used to establish a baseline performance. Note that there are no out-of-
control signals on the control charts, so the signals observed earlier when normality was assumed
were false alarms.

The Individuals — Original Data chart displays the untransformed data with control limits calculated
as:

UCL = 99.865 percentile
CL = 50t percentile
LCL = 0.135 percentile

The benefit of displaying this chart is that one can observe the original untransformed data. Since
the control limits are based on percentiles, this represents the overall, long term variation rather
than the typical short-term variation. The limits will likely be nonsymmetrical.

The Individuals/Moving Range — Normalized Data chart displays the transformed z-values with
control limits calculated using the standard Shewhart formulas for Individuals and Moving Range
charts. The benefit of using this chart is that tests for special causes can be applied and the control
limits are based on short term variation. The disadvantage is that one is observing transformed
data on the chart rather than the original data.

Automatic Best Fit
Now we will redo the capability analysis using the Automatic Best Fit option.

15. Click Recall SigmaXL Dialog menu or press F3 to recall last dialog. Select Automatic Best Fit as
shown:
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Capability Combination Report (Individuals - Nennormal)

Mumeric Data Variable (Y) >>

Optional X-Asis Labels >>

|

<< Remove

Control Chart Options

[+ Individuals - Original Data

usL
[v Individuals/Moving Range - Normalized Data
[¥ Tests for Special Causes Target
LsL

r Add Title

Transformation/Distribution Options
" Box-Cox Transformation
" Johnson Transformation
* Automatic Best Fit

" specify Distribution

—
—

| Cycle Time (Minutes)

Spec Limits for Capability

1000

Cancel
Help

Capability Index Options

16. Click OK. The resulting Process Capability Combination report is shown below. Please note that
due to the extensive computations required, this could take up to 1 minute (or longer for large

datasets):
L . Process Capability Report {Nonnormal): Cycle Time (Mi )
usL = 100p Distribution: Loglogistic (2P) Distrib " Loglogistic (2P)
I Sample Count 30
40 Sample Mean 70317
. | Location 5.895
Scale 0.571471221
30 I StDev (Transformed Overall, Long Term) 1
I StDev (Normalized Within, Short Term) 0.964388
= USL 1000
20 I Target
LSL
15 I
I Capability Indices (Z-Score Method)
10 Pp
5 Ppu 0.35
Ppl
0 Ppk 0.35
E 7 fé e} & IS 2 &5 2 5 8
v 9 pal 2 - 2 A z 3 Potential Capability Indices using Normalized Within SiDev
Cycle Time (Minutes) Cp
Distribution: Loglogistic (2P) Cpu 0.37
Cpl
Cpk 0.37
3.18
218 Expected Overall Performance
2 ppm = USL 145274 6
2 118
A ppm < LSL
£ o018 ppm Total 145274.6
= % > USL 14.53%
£ 082
2 % < LSL
= 182 % Total 14.53%
282 Actual (Empirical) Performance
382 % > USL 10.00%
& & & % < LSL
v » i ? % Total 10.00%
Ln{Cycle Time (Minutes))
And Darling Good of-Fit Tests
AD Loglogistic (2P) 0.245264
AD Loglogistic (2P) P-Value = 0.2500
AD Normality Original Data 5.357]
AD Normality P-Value Original Data 0.0000
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The 2 Parameter Loglogistic distribution was selected as the best fit distribution. For details on
how this selection was made, see Appendix: Statistical Details for Nonnormal Distributions

and Transformations.

The Anderson Darling statistic for the Loglogistic distribution is 0.245 which is less than the 0.37
value for the AD Normality test of the Box-Cox transformation indicating a better fit. (Note that
published AD P-Values for this distribution are limited to a maximum value of 0.25. The best fit
selection uses a P-Value estimate that is obtained by transforming the data to normality and
then using a modified Anderson Darling Normality test on the transformed data).

Distribution Fitting

Another helpful tool to evaluate transformations and distributions is Distribution Fitting.

1. Click Sheet 1 Tab (or F4). Click SigmaXL > Process Capability > Nonnormal > Distribution
Fitting. Ensure that the entire data table is selected. If not, check Use Entire Data Table. Click
Next.

2. Select Cycle Time (Minutes), click Numeric Data Variable (Y) >>. We will use the default
selection for Transformation/Distribution Options: All Transformations & Distributions as
shown:

Distribution Fitting

OK >>

| Numeric Data Variable (V) > | | Cycle Time (inutes)

== Remove

ncel

Help

g

Display Options
Confidence Levek:

¥ Histograms - Add Title 95.0 gy

[v Probability Plots

Estimate Percentiles (optional - enter percents separated by a space):

Transformation / Distribution Options

{* All Transformations & Distributions
" Box-Cox Transformation

" Johnson Transformation

" Automatic Best Fit

{” Specify Distribution
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3. Click OK. The resulting Distribution Fitting report is shown below. Please note that due to the
extensive computations required, this could take up to 1 minute (or longer for large datasets):

Distribution: Loglogistic (2P) Distribution: Loglogistic (2P) 2 T ogiegistio (2P]
a0 » Sample Count| 30) AD Loglogistic (2P)]
35 3.18 - Sample Mean | 7031 (2P) pvalue|
p 218
0 2 i Parameter Estimates.
= . Parameter I Estimate. | SEEstimate | Lower 85.0 Cl [_Upper 85.0 CI
0 5" Location| 5.895] 0.175714] 5.543] 6247
15 g o8 Scale| 0.571471] 0.087943898| 0.227662] 0772671
10 8 am
5 -2.82
0L g Percentile Report
o m % b e ko o~ @ ko om 2 = = =z = = = = Cycle Time (Minufes) | SE Percentile Lower 95.0 C1
RS & & R 5 8 8 5 3 8 5 = = & 2 = & = 0135, 8 329] 5 067 2528
Tycle Time (Minutes) Ln{Cycle Time (Minutes)) 363.22 65.277) 255.39)
99,865 15841] 96311 2811.0]
Distribution: Loglogistic (3P) Distribution: Loglogistic (3P) Distribution [iffing Re; 1 i Cydle =
Sample Count| 30) AD Loglogistic (3P)]
a0 Sample Mean | 7031 AD L (3P) p-value 0 582 (Z-Score Est )|
30 Parameter Estimates
Parameter Tower 95.0 C1
0 Location
Scale
0 Threshold (ML
0= . Percentile Report
% 2 E 2 & 2 2 s 2 El Cycle Time (Minutes) [ SE Percentile Lower 95.0 CI
: Cycle Time (Minutes) - 0135 :3&;' g g‘gg o
99.865| 27183 258711 4227 5| 174793'
i Wodel Summary
Box-Cox Transformation: 2 =Y * (-0.0600] -
Distribution: BoxCox L ) Bﬂx»Cmens!qrmalnSn;Z:‘Y(‘;lﬂm = Logl—‘l;kae;)lnigod}
mple Coun x-Cox
196 Sample Mean | 703, TI AD Box-Cox p-value|
40
£ oss Parameter Estimates
o L Parameter Estimate. [ Sttstimate | Lower 950 CI
20 g 004 Lambda (Optimal) ~0.06]
2 Mean (Transformed Data) 0702382} 0.007537578)
10 104 Sthev (Ti Data) 0024215135 0 00570556
o 204 |4 Percentile Report
5% = 2 Z & 2 2 s 2 2 3 2 = 3 B Cycle Time (Minutes) [ SE Percentile Lower 85.0 CI
' Cycle Time (Minutes) Ln{Cycla Time (Minues)) ;;f;g
20.179]
bt it Distribution i
Distribution: Lognormal (2P) Distribution: Lognormal (2P) DRt Ie= gl Too fearond]
245 Sample Count] AD Lognormal (2P)]
@0 196 » Sample Mean | 70317 normal (2P) p-value|
£ 146 !
0 £ oo Parameter Estimates
. L) 0e Parameter | Estimate_ SE Estimate | Lower 95.0 CI [__Upper 95.0 CI
0 E Location | 5.920] 0.193717] 5541] 8.300]
g 0os Scale] TOET030703 0140537 0818434 1,376}
15 = 054
10 3 -104
5 -154
204 4= T T T T T \ Lower 95.0 CI ]_Upperssoci
4 ¢ : ¥ 3 R F 2 g2 B 8 2 =1 2 2 2 2 =1 0135 6.221 38.348]
b 8 £ 2 oS a = B E woo G h- E
’ “eycR TinBmifles® ¢ 2 B Ln{Cycle Time [Minue 50 25485 544.50]
ve ! # riCycleTime (Minuees)) 99865 19.2] 22310]
AP P Distribution Fitti it Wodel Su
Distribution: Lognormal (3P) Distribution: Lognormal (3P) DRt oe 1 oI
50 245 Sample Count] AD Lognorm:
196 Sample Mean| 703.17] AD Lognormal (3P) p-value
R g 146
s 09
EY) P 026 Parameter Lower 95.0 CI |__Upper 85.0 CI
E 004 Location 5.307] 6.304}
2 g Scale 0.797715 1.687]
g Threshold (ML Estimate)| 23708 69 525|
10 -104
-154
204 + Lower 95.0 CI | _upperssocCi
% ¢ 2 3 3 E B 2 g2 &5 8 E 5 5 =5 & &g 3 = 0135 11.386) 96.418]
7 B 5 & & 2 & R S & 3 R 3
’ TycRTinBmifies® F OF OB Ln{Cycle Time [Minutes) - Threshol 0 23588 53403
e ! ¥ ricycle Time (Minues) - Threshole) S 32658 ]
Johnson Transformation (Type SU -
Distribution: Johnson bounded) L !
Z = Shaped + Shape? * Asinh{ (¥ - Location) / Scale )
o Sample Count| AD Johnson| 0286526
- 1% Sample Wean] T03.17] AD Johnson p-value| 0.555000}
£ £ oss Parameter Estimates
= L) Parameter Estimate_ | SEEstimate Lower 95.0 CI Upper 95.0 CI
20 E 008 Shape1 -1.0451
15 H Shape?| 0.613400]
10 104 Location 11933
5 . Scale| 96.387]
208 Mean (T Data) 0047151462 0.144433)] 0235831
5 2 T z § R o @ B & S 22323222533 = 3 Sthev (T Datal) 0.804576] 0.1038765: 0.624693 1.036246795)
7 8 B & o5 & = E I R =N - - - B A
’ Tyl Tine(Mifes® ¢ 5 0B PO T YyadTime (Minute]
Lower 95.0 CI T
13311
258 68|
4305.3]
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The distributions and transformations are sorted in descending order using the AD Normality P-
Value on the transformed z-score values. Note that the first distribution shown may not be the

selected “best fit”, because the best fit procedure also looks for models that are close but with

fewer parameters.

The reported AD P-Values are those derived from the particular distribution. The AD P-Value is not
available for distributions with a threshold (except Weibull), so the AD Normality P-Value on the
transformed z-score values is used (labeled as Z-Score Est.).

Since the sort order is based on the AD P-Values from Z-Score estimates, it is possible that the
reported distribution-based AD P-Values may not be in perfect descending order. However, any
discrepancies based on sort order will likely not be statistically or practically significant.

Some data will have distributions and transformations where the parameters cannot be solved
(e.g., 2-parameter Weibull with negative values). These are excluded from the Distribution Fitting
report.

The parameter estimates and percentile report includes a confidence interval as specified in the
Distribution Fitting dialog, with 95% being the default. Note that the wide intervals here are due
to the small sample size, n = 30.

The control limits for the percentile-based Individuals chart will be the 0.135% (lower control limit),
50% (center line, median) and 99.865% (upper control limit). Additional percentiles may be entered
in the Distribution Fitting dialog.

After reviewing this report, if you wish to perform a process capability analysis with a particular
transformation or distribution, simply select Specify Distribution from the
Transformation/Distribution Options in the Capability Combination Report (Individuals -
Nonnormal) dialog as shown below (using 2 Parameter Loglogistic):
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‘ Numeric Data ¥Yariable (Y] >> |

| Cyele Time (Minutes)

Optional ¥-Axis Labels >>

OK »>>

Control Chart Options

v Individuals - Original Data

v Individuals/Moving Range - Normalized Data

[~ Tests for Special Causes

I Add Title

Transformation/Distribution Options
~ Box-Cox Transformation

~ Johnson Transformation

" Automatic Best Fit

+ Specify Distribution

<< Bemove

Spec Limits for Capability

1000

Cancel

Help

ik

Capability Index Options

v Z-Score Method

~ Percentile {I50)

uUsL
Target
Method
LSL N etho
J Selected Distribution
Gamma with
Threshold

(3 Parameter)

Logistic
(2 Parameter)

Loglogistic
(2 Parameter)

Distribution: Loglogistic (2P)

Process Capability Report (Nonnormal): Cycle Time (Minutes]

Ust= 1000 Distribution: Loglogistic (2P,
I Sample Count] 30
40 Sample Mean 703.17]
s | Location 5395,
Scale 0571471221
30 | StDev (T Overall, Long Term) 1
- | StDev (Normalized Within, Short Term) 0.964388]
USL | 1000}
0 | Target
| LSL
15
| Capability Indices (Z Score Method|
10 Pp)
5 Ppu 0.35]
Ppl
0 Ppk| 0.35
B 2 3 A < a s 2 Potential Capability Indices using Normalized Within StDev
Cycle Time (Minutes) ol
Distribution: Loglogistic (2P) Cc‘:: 0.37
Cpk| 037
3.18
Expected Overall Performance
218 ppm > USL] 145274.6
g ppm < LSL|
g 118 ppm Total 145274 6
2 % > USL] 14.53%
H 0.18
£ % < LSL|
S 082 % Total| 14.63%
g
82 Actual (Empirical) Performance
% > USL 10.00%
282 % < LSL|
. % Total| 10.00%
QQ ‘B“ QQ - o
s o Anderson-Darling Goodness-o-Fit Tests
Ln(Cycle Time (Minutes)) AD Loglogistic (2P) 0.245264]
AD Loglogistic (2P) P-Value > 0.2500)
AD Normality Original Data 5 357]
AD Nbrmﬁlig PValue Original Data 0.0000|

Loglogistic
(2 Parameter)
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Box-Cox Transformation

This is a standalone tool that allows you to visually see how the Box-Cox transformation selects a
rounded or optimal lambda value.

1. Open the file Nonnormal Cycle Time2.xIsx. Select Sheet 1 Tab.

2. Click SigmaXL > Process Capability > Nonnormal > Box-Cox Transformation (or SigmaXL > Data
Manipulation > Box-Cox Transformation or SigmaXL > Control Charts > Nonnormal > Box-Cox
Transformation). Ensure that the entire data table is selected. If not, check Use Entire Data
Table. Click Next.

3. Select Cycle Time (Minutes), click Numeric Data Variable (Y) >>. The selected variable must
contain all positive values.

Box-Cox Transformation §|

| Numeric Data Yariable (¥) == | | Cycle Time (Minutes) oK == |

Cancel

<< Remove ‘

Jl

Help

* Rounded Lambda
" Optimal Lambda

Do not store transformed data if
Lambda = 1 Falls within 95%0 CI

Do not store if transformed data
is not normal (AD p-value = 0.05)

Tip: Note that while this tool is often successful to transform the data to normality, there may
not be a suitable transformation to make the data normal. The output report indicates the
Anderson-Darling P-Value for the transformed data. You may wish to check Do not store if
transformed data is not normal. Another option is Do not store transformed data if Lambda =
1 falls within 95%CI. This latter option prevents you from using transformations that do not
result in a statistically significant improvement towards normality.

180



SigmaXL: Measure Phase Tools

4. Click OK. The resulting report is shown:

Box-Cox Power Transformation: Cycle Time {(Minutes) Cycle Time (Minutes) Transformed Data (Ln(Y))
3216 8.076
Optimal Lamhbd -0.06 261 5.565
Final (R led) Lambd 0 392 5.871
UC Lamhbda (95%) 0.423205 63 4.143
LC Lamda (95%) -0.573963 a01 B.217
Anderson Darling Normality

Test for Transformed Data: 5101 8.716
A-Squared 0.369554 151 5.017
AD pvalue 0.4041 46 3.529
1465 7.290
383 5.948
287 5.6589
322 8.775
Box-Cox Power Transformation: Cycle Time (Mi 538 F.288
a74 5.3583
256 586 6.373
920 6.524
178 5.182
129 4.860
e 187 5.231
71 4.263
342 5.835
167 5.118
. 794 B.677
. 205 5.323
] 476 6.356
® 475 6.354
sane 381 5.943
a76 5.356
918 6.522
190 5.247

3836

3136

-2 1.5 1 0.5 o 0.5 1 15 2
Lambda

5. The fact that Lambda=1 falls outside of the 95% confidence interval tells us that the
transformation is statistically significant. The Anderson-Darling P-Value of 0.4041 indicates that
we cannot reject the null hypothesis that the transformed data is normal, so the Ln
transformation has successfully converted the data to normality.

SigmaXL uses the Box-Cox Confidence Interval formula recommended by Draper & Smith
(1998), Applied Regression Analysis, 3™ ed., Wiley, pp. 282-283, Formula 13.2.10.
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Part K - Reliability/Weibull Analysis

Reliability/Weibull Analysis

The Weibull distribution is a continuous distribution that was publicized by Waloddi Weibull in
1951. It has become widely used, especially in the reliability field. The Weibull distribution's
popularity resulted from its ability to be used with small sample sizes and its flexibility. See
Dodson, B. “The Weibull Analysis Handbook” Second Edition, ASQ, for further information. For
SigmaXL technical details, see Appendix: Statistical Details for Nonnormal Distributions and

Transformations.

The Weibull distribution can also be used as an alternative to the Box-Cox Transformation to
determine Process Capability Indices or Control Limits for nonnormal data.

Weibull is particularly effective when the data are censored, with exact failure times unknown or
suspension of test. Suspension of test is also referred to as right censored. SigmaXL can analyze
complete or right censored data.

1. Open the file Weibull Dodson.xlIsx. This contains right censored time-to-failure data from
Dodson, page 28.

2. Click SigmaXL > Reliability/Weibull Analysis. Ensure that the entire data table is selected. Click
Next.

3. Select Time-to-Fail, click Numeric Response (Y) >>. Note that the selected variable must
contain all positive values. Select Censor Code, click Right Censor Column >>. The default
censor value of 1 will be used. We will use the default method of estimation, Maximum
Likelihood (some reliability practitioners prefer Least Squares Regression (X on Y) for small
sample sizes). Other defaults include Threshold = 0, and Confidence Level = 90%. Enter time
values to estimate survival probabilities as shown:
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Reliability/Weibull Analysis

_ensar Description

Mumeric Response {Y) =

{Time to Event)

Right Censor Column =

(Optional: Text or Numeric)

<< Remove

Censor ¥alue ==

‘ Time-to-Fail

oK ==

Cancel

‘ Censor Code

| T

Method of Estimation:

i

Help

Threshold:
f+ Maximum Likelihood
" Least Squares Regression (% on ¥) Confidence Level: so0 %

Estimate Additional Time Percentiles (enter percents separated by a space):

Estimate Survival Probabilities (enter time values separated by a space):

‘ 10 20 30 40 50 60 70 80 90 100 150 200 250 300

4. The resulting Weibull analysis report is shown:
Weibull Analysis: Time-to-Fail
User Settings:
baximum
Estimation Method Likelihood
Confidence Level an.n
Threshold 0
Censoring Information:
NHumber of Uncensored Observations 11
Humber of Right Censored Observations 9
Total 20
Model Summary and Goodness-of-Fil:
Log-Likelihood 4 -B5.176|
HollanderProschan Test | 0029
Hollander-Proschan pvalue S 0.9771]
Parameter Estimates:
Parameter __Eatimrate—  SE Estimate Lower 90% Cl Upper 90% CI
Shape 29744] ™ 0716595 20005 4.4218
Scale L 20322 S =es 171.74 24055
Distribution Characteristics:
Estimate SE Estimate | Lower 90% CI Upper 90% CI

Mean (MTTF) 181.47 18.4.20 153.57 214.44
Standard Deviation b5 463 16.172 44541 99.174
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Percentile Report:

I-’an:entile
Percentage (Time) SE Percentile | Lower 90% CI Upper 90% CI
I E 11.035 8.0201 49.549|
0135 22.052 11.650] 9.2279| 52639
L e 14 552 17.010] 60,037
1 43.293 16077 23.508] 79747
5 74.595 16.491 49.695] 112.41
10 g5.401 16.620] 59, 204] 131 .52
25 133.73 17.724 107 53] 166.30|
< 50 179.73 16.395 151.58] 212 58]
75 226 89 24,902 189.42] 271.78
a0 269.08 35.256 216.58] 33357
95 293.99 42.803] 231.38] 373.54
sl 71 58.540] 25586 451.03
15 36T 54.652] 264.14 450.10|
{ 99565 3|3sE] ) 75.460| 277 51 530.11
999 389321~ 77.600] 2680.26 54083
Survival Probability Report:
Survival
Time Probability |Lower 90.0% CI| Upper 90.0% CI
10 0.999571 0.995704 0.999996
20 0.955590 0.985014 0.993932
30 (1.996631 0.9658919| 0.299639)
40 0.992091 0.947956 0.995521
&0 0.534598 0.922545 0.997055
2] 097386 0.893053| 0.293800)
70 0.958916 0.853514 0.983415]
&0 0.939499 0.823131 n.sa:naal
0915219 0.783272 0.965351
i 1% 0835858, D.740474 0.952258]
7 150 D.EE7092| ) D.465546 0.795498
e 200 0.385752 0.202191 0.560906
SO O eea| 0035495215 0.358756
00| 004151304 0.00135017 0.215707
Weibull Analysis: Time-to-Fail
0.500 -
0.000 -
-0.500
&
S -1.000 -
W
= -1.500 -
=
= -2.000 -
=
-2.500
-3.000 - o
-3.500 . . . . : : ; ; . .
) N ) o 3] © ) o 0y ) 0
Ln (Time-to-Fail)

184




SigmaXL: Measure Phase Tools

10.

The Hollander-Proschan test is used when there are right censored observations (see Dodson).
If the P-Value is less than 0.05, this indicates significant lack of fit, so Weibull would not be an
appropriate distribution. Given the P-Value of 0.9771, there is no lack-of-fit with this time-to-
fail data. This is confirmed in the Weibull probability plot with the data roughly following a
straight line.

If the data is uncensored then the Anderson-Darling unadjusted test is used.

The shape parameter, also referred to as Beta, is the slope of the line on the Weibull probability
plot. The Weibull distribution can be used in a wide variety of situations and dependent on the
value of Beta, is equal to or can approximate several other distributions. For example, if Beta =
1, the Weibull distribution is identical to the exponential distribution; if Beta = 2.5, the Weibull
distribution approximates the lognormal distribution; and if Beta = 3.6, the Weibull distribution
approximates the normal distribution. Because of this flexibility, there are few observed failure
rates that cannot be accurately modeled by the Weibull distribution. Furthermore, if Beta is <
1, the system is suffering from infant mortality failures; if Beta is = 1, failures are random — they
are occurring at a constant failure rate and are independent of time; if Beta is > 1, components
are wearing out with age.

The scale parameter is the characteristic life. This is the point at which we could expect 63.2%
of the population under study to have failed. The survival probability report shows that the
survival probability at time 200 = 0.386. The cumulative failure probability at 200 is 1 —0.386 =
0.614.

The percentile report tells us that we can expect a 50% failure rate (one-half of the population
will fail) at time = 179.73, i.e. the Median = 179.73.

The percentile report can also be used to determine control limits for nonnormal data. The
lower control limit is the 0.135 % value = 22.052; the center line is the 50% value = 179.73; the
upper control limit is the 99.865 % value = 383.55.
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Part A - Stratification with Pareto

SigmaXL'’s Pareto tool allows you to create Basic (Single) or Advanced (Multiple) Pareto Charts.
Advanced Pareto charts are particularly useful in the Analyze Phase because of the ease with which
you can slice and dice (or stratify) your data. Of course, Pareto charts are not limited to the
Analyze Phase —they can also be used to aid project selection and to prioritize in the Measure
Phase.

Consider the following guidelines to help ensure that your Pareto analysis is successful:

e Your Pareto analysis will only be as good as the quality of the data collected. Ensure that
you have the right data and that the data is correct. Use other graphs such as run charts to
apply a sanity check to your data.

e Check process stability using appropriate control charts. If the process is not in control,
your prioritization of defects and root causes could be invalid.

e Avoid collecting data over too short a time period. Your data may not be representative of
the process as a whole. Also keep in mind that since the data is discrete, a minimum sample
size of 500 is recommended with 1000 preferred.

e Conversely, data gathered over too long a time period may include process changes that
could lead to incorrect conclusions. SigmaXL provides a date subsetting feature that allows
you to easily explore different time periods.

e [f your initial Pareto analysis does not yield useful results, explore other categories that may
be important. SigmaXL’s Advanced Charts makes it easy for you to 'slice and dice' your data
with different X categories.

e Consider Pareto charting measures such as cost and severity, in addition to defect counts.
SigmaXL enables you to chart multiple Y responses.
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Basic Pareto Chart Template

Click SigmaXL > Templates and Calculators > Basic Graphical Templates > Pareto Chart or
SigmaXL > Graphical Tools > Basic Graphical Templates > Pareto Chart. See Measure Phase
Part B — Templates and Calculators for a Pareto Template example.

Basic (Single) Pareto Charts

1. Open the file Customer Data.xIsx. Click SigmaXL>Graphical Tools >Basic Pareto Chart.

2. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

3. Select Major-Complaint, click Pareto Category (X) >>.

Auwg Mo, of orders psﬂ
Awg days Orderto d
Lovalty - Likely to Fe
Cheerall Satisfaction
Responsive to Calls
Ease of Communics
Staff Knowledge

size of Customer

SatDiscrete hd

Fareto Category () >>

Optional Numeric Count (¥} >>

<< Remowve

| bajor-Complaint

r

Einish >>

MNext >>

Cancel

Help

Add Title

Tip: SigmaXL will automatically count the number of unique items in the Pareto Category. If we
had a separate column with a count (or cost), this count column would be selected as the
Optional Numeric Count (Y).

Click Next. Set Basic Chart Options as follows:

Tab “Other” Bar/Cum Sum:
Cum Sum Line — On Top of First Bar

"Other® BarfCum Sum l Chart Options ]

Combine Category Bars "Other® Bar
. e r
After
Cumulative % o

’fj Wﬂf

Cum Sum Line

* On Top of First Bar
" Independent of Bars

" Not Shown

Finish »>»
Cancel

Help

i

Save
Defaults
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Tab Chart Options:

Category (X) Font — Slanted

Data Labels — Check Bars, Cum Sum
Check Save Defaults.

" Decimal (.01) Save

Defaults |

[
| *Other" Bar/Cum Sum Chart Options ] -~
Gap Width Category () Font Data Labels Secondary Y Axis Einish »> _
" Horizontal v Bars Cancel |
. * Percent (%) -
150 ﬂ * Slanted ¥ Cum Sum Help |
- |

" Vertical [~ DataTable

Tip: After you have saved your defaults, you can bypass the above options, by clicking Finish
instead of Next at the original Basic Pareto Chart dialog box. The saved defaults will
automatically be applied.

Note: For SigmaXL Mac version, click SigmaXL > Graphical Tools > Basic Pareto Chart Options
to set options. The Basic Pareto Chart is displayed after you click Finish.

5. Click Finish. The Pareto Chart is produced:

100 100% r 100%
90 - 90%
80 1 - 80%
70 A r 70%
60 1 - 60%

50 A r 60%

Count

40 - r 40%

30 A r 30%

r 20%

r 10%

0 I 0%

Major-Complaint
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Advanced (Multiple) Pareto Charts

1.

2.

"Other" Bar/Cum Sum lChag Options ]

Click Sheetl Tab of Customer Data.xlsx (or press F4 to activate last worksheet).

Click SigmaXL > Graphical Tools > Advanced Pareto Options.

Note that the Sample Charts have nothing to do with the data set being evaluated. They are
used to dynamically illustrate how your options affect the charts to be produced. (The Sample
Charts are not displayed in Excel for Mac).

Set Order of Bars to Same Order on the “Other Bar”/Cum Sum options tab.
This is typically used for comparative purposes. The Descending Order option makes each
Chart a true Pareto Chart, but is less useful for comparison.

Finish »>>
Combine Category Bars "Other" Bar Order of Bars Cum Sum Line
& of Cancel

Categories ~ " Descending :

il

v inimite_d 20 ﬂ i* Independent of Bars Help
Categories -
- Save

v 5 Ord
ame reer " Mot Shown ¥ Defaults

4.

s

Click Chart Options tab. Set according to choice — in this case we have selected Data Labels for
the Bars but not for the Cum Sum line.

"Other" Bar/Cum Sum Chart Options l Finish >
Gap Width Category (%) Font Data Labels Secondary Y Axis —
. Cancel
" Horizontal v Bars
= * Percent (%) Hel
150 E‘ i+ Slanted ™ Cum Sum sl

) ~ : Save

" Vertical [~ DataTable BesimallColh v Defaults

Ensure that Save Defaults is checked. Note that these options will be saved and applied to all
Advanced Pareto Charts. Click Finish

SigmaXL automatically takes you to the next step of Chart Generation (This is equivalent to
clicking SigmaXL > Graphical Tools > Advanced Pareto Charts). If necessary, check Use Entire
Data Table.

Click Next.
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8. Select Major Complaint, click Pareto Category (X1) >>; select Customer Type, click Group

Category (X2) >>.

Custormer Record No
Order Date

Aoy No. of arders per
Awg days Order to deli
Loyalty - Likely to Reco
Dwverall Satistaction
Responsive to Calls
Ease of Communicatior
Staff Knowledge

Size of Customer
Froduct Type
Sat-Discrete

s

Pareto Category (X1) >>

tdajor-Complaint

Group Category (X2) >>

Group Category (X3) >>

Group Category (X4) >>

Numeric Count () >>

<« Remove

Custamer Type

DK »>»

Cancel

Help

v Include Zero Values

-

- Add Title

9. Click OK. A Pareto Chart of Major Customer Complaints is produced for each Customer Type.

unt

co
e w B &K OB R OB W 8

Major-Complaint - Customer Type: # 1

Count
o w B &H B R B W 8

0
5 & o

o &
& &

Major-Complaint - Customer Type: # 2

100%
s0%
0%
%
0%

ount

s0%

[
o w B W B B 8 ® &

0%

30%

20%
10%

10. Click Sheet 1 Tab, Click SigmaXL > Graphical Tools > Advanced Pareto Charts.

11. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next. (Steps
10 and 11 can be bypassed with the Recall SigmaXL Dialog menu or by pressing F3 to recall last

dialog).
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12. Select Major Complaint, click Pareto Category (X1) >>; select Size of Customer, click Group
Category (X2) >>; select Product Type, click Group Category (X3) >>.

Advanced Pareto Selection

Custorner Record Mo

Pareto Catego 1) >>»
Order Date gory &)

Avg Mo of orders per e

Group Catego 2) »>
Ang days Order to deliy P gory (<)

bajor-Complaint

Loyalty - Likeky to Reco Group Category (X3) >>

Size of Customer

Cryarall Satisfaction

Fesponsive to Calls Group Category (%4) >>

Froduct Type

Cancel

Ease of Cormmunicatior

Staff Knowledge .
Numeric Count () >>

Help

dildiy

Sat-Discrete
Cu 12r Ty

<< Remove

M Include Zero Yalues

r

r Add Title

If a Numeric Count (Y) variable is not specified, SigmaXL automatically determines the counts

from the Pareto Category (X1).

Normally we would use a text column of discrete Xs, but be aware that numeric columns are

also allowed. Be careful here — this could easily generate a very large number of charts.

The total number of charts generated = (# of levels in X2) * (# of levels in X3) * (# of levels in X4)
* (# of Y variables). Please note, Group Category (X3) and Group Category (X4)

13. Click OK. Multiple Paretos are generated:

100% 100%
90% 90%
pal Pl
20% 20%
0 0% 20 70%
B0% 0%
- =
e 13 s | 308 50%
o o
40% 40%
10 10
7 30% 0%
5 20% 5 5 20%
2 2 10% 1 2 2 10%
0 | -
o || || o5 0 — | 0%
& D‘aa\ o @@‘ & 40 3&1‘ & @‘9‘ &
o o / & o o & ; =
&% o o o oy & o o i A
of & & & & o & o & &
& & & r
J o E ¥
o o
Major-Complaint - Size of Customer: Large - Product Type: Consumer Major-Complaint - Size of Customer: Small - Product Type: Consumer
100% 100%
90% 90%
pal Pl
20% 20%
0 0% 20 70%
B0% 0%
- =
35 13 50% e 0%
o L=
a0% 40%
10 10
30% 30%
B n 20% c 20%
0 .
o || || o5 0 — o
& D‘aa\ o @@‘ & 40 3&1‘ & @‘9‘ &
o o & 5 A o o & 3 o
o e o ad o & o o % &
¥ & & +F o A & & + S
J ¥ o o
o o
Major-Complaint - Size of Customer: Large - Product Type: Manufacturer Major-Complaint - Size of Customer: Small - Product Type: Manufacturer
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Part B - EZ-Pivot

One of the most powerful features in Excel is the Pivot table. SigmaXL’'s EZ-Pivot tool simplifies the
creation of Pivot tables using the familiar X and Y dialog box found in the previous Pareto tools.

Example of Three X’s, No Response Y’s

1. Open Customer Data.xlsx, click Sheet 1 (or press F4 to activate last worksheet). Select SigmaXL
> Graphical Tools > EZ-Pivot/Pivot Charts.

2. Ensure that entire data table is selected. If not, check Use Entire Data Table. Click Next.

3. Select Major Complaint, click Count Category (X1) >>. Note that if Y is not specified, the Pivot
Table Data is based on a count of X1, hence the name Count Category.

4. Select Customer Type, click Group Category (X2) >>; select Size of Customer, click Group
Category (X3) >> as shown.

EZ Pivot

Customer Record No Count Category (X1) >=> | | Major-Complaint
Order Date —

Avg Mo. of orders per
Avg days Order to deli
Loyalty - Likely to Reci 3 -
Overall Satistaction ‘ Group Category (X3) == | | Size of Customer
Responsive to Calls

Ease of Communicatiol |

Staff Knowledge Numeric Responses (Y) >>
m"h =
<< Remove

0K >>

Group Category (X2) >> || Customer Type p—
Cance

A

Help

-

~

B [ Grand Totals

v Create Pivot Charts

[ Pivot Chart Data Labels

5. Click OK. Resulting Pivot Table of Major Complaint by Customer Type is shown:

Size of Customer (Al -|

Count of Major-Complaint [Customer Type |

Major-Complaint - 1. 2 3
Difficult-to-order 5 9 5
[Not-available P 2
Order-takes-too-long 1 3 6
Return-calls 19 28 13
Wrong-color 4 21
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6. This Pivot table shows the counts for each Major Complaint (X1), broken out by Customer Type
(X2), for all Sizes of Customers (X3). (Grand Totals can be added to the Pivot Table by using
Pivot Table Toolbar > Table Options. Check Grand Totals for Columns, Grand Totals for Rows).

7. To display counts for a specific Customer Size, click the arrow adjacent to Size of Customer
(All). Select Large.

QK I Cancel |

o

8. Click OK. Resulting Pivot Table is:

Size of Customer |Large |

Count of Major-Complaint |Custormer Type w |

Major-Complaint - 1 23
Difficult-to-order 3 a3
Order-takes-too-long 22
Return-calls 9014 3
WWrong-color 2010

Note that the Major Complaint “Not-Available” is not shown. Pivot tables only show rows
where there is at least a count of one.

9. The Pivot Chart can be seen by clicking the EZ Pivot Chart (1) tab; reset Size of Customer to All
as shown below:
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Size of Customer|(All)

70 [Count of Major-Complaint]

60

50

40 Customer Type
(K]
w2
30 @1

20

10

0 — =

Difficult-to-order Not-available Order-takes-too-long Return-calls Wrong-color

Major-Complaint

10. Drag Size of Customer from Report Filter to Axis Fields (shown under PivotChart Fields to the
right of the chart) and Excel will automatically split the Pivot Chart showing both Large and
Small Customers.

20 [Count of Major-Complaint]

35
30
25
Customer Type
20 a3
|2
[m)
15
H
Difficult-to- | Order-takes- | Return-calls | Wrong-color | Difficult-to- |Not-available | Order-takes- | Return-calls | Wrong-color
order too-long order too-long
Large Small

[Size of Customer]Major-Complaint|
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Example of Three X’s and One Y

1. Select Sheet 1 of Customer Data.xlIsx; click SigmaXL > Graphical Tools > EZ-Pivot/Pivot Charts;
click Next (alternatively, click Recall SigmaXL Dialog menu or press F3 to recall last dialog).

2. Select Customer Type, click Count Category (X1) >>; select Size of Customer, click Group
Category (X2) >>; select Product Type, click Group Category (X3); select Overall Satisfaction,
click Numeric Responses (Y) >>. Note that the Label for X1 changed from Count Category to
Group Category. The Pivot Table data will now be based on Y data.

3. The Response default uses a Sum of Y. This however can be changed to Average or Standard
Deviation. Select Average. Uncheck Create Pivot Charts (Since we are looking at averages, the
stacked bar Pivot Charts would not be very useful, unless they are changed to clustered column
format using Chart > Chart Type).

EZ Pivot EI

Customer Record Mo Group Cateoo 1) | Customer Type
Order Date P Category (1) |

Avg Mo. of orders per

Avg days Order to dell Group Category (X2) == | | Size of Customer Cancel
nce
Lovalty - Likely to Rect =
Responsive to Calls Group Category (X3) >> | | Product Type
Ease of Communicatiol Help
2 Knowledge
Major-Co mplaingt Numeric Responses (¥) > | Overal Satisfaction
" Sum
<< Remowve * Average
" Std. Dev.
~
= r

[ iCreate Pivot Charts:
=

4. Click OK. The resulting Pivot Table is:

Product Type | Al |

Average of Overall Satisfaction |Size of Customer v|

Custormer Type w|Large Srmall
1 3.237857143 3.6M 764706
2 43059090909 4.091
3 3.56 3.6816REERY

5. Note that the table now contains Averages of the Customer Satisfaction scores (Y). Again,
Product Type (X3) can be varied to show Consumer, Manufacturer, or All. Double clicking on
Average of Overall Satisfaction allows you to switch to Standard Deviation (StDev).
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Exampleof 3 X’sand 3 Y’s

1. Click Recall SigmaXL Dialog menu or press F3 to recall last dialog.

2. Select Customer Type, click Group Category (X1) >>; select Size of Customer, click Group
Category (X2) >>; select Product Type, click Group Category (X3) >>. Select Avg Days Order to
Delivery, Loyalty — Likely to Respond, Overall Satisfaction, click Numeric Responses (Y) >>.
Select Average and One Pivot Table (default is separate Pivot Tables for each Y). Uncheck
Create Pivot Charts.

EZ Pivot El

Customer Record No o 1)2> ‘ Customer Type
Order Date JEET |
Avg No. of orders per ‘ 5

Responsive to Calk Group Category (X2) >> | Size of Customer —

Ease of Communicatiol
Staff Knowledge Group Category (X3) >> ‘ | Product Type el
Help

Major-Complaint

Avg days Order to deli

Humeric Responses > ‘
PO m Loyalty - Likely to Rect

Overall Satisfaction " Sum
== Remove * Average
" Std. Dev.
"o
=
[ Create Pivot Charts
=
3. Click OK. Resulting Pivot Table:
Product Type [ -]
Size of Customer |
Customer Type w|Data w|Large Small
1|Average of Avg days Order to delivery time S0.85714286 49.76470588
Average of Loyalty - Likely to Recommend 2 B57142857 3. 470588235
Average of Overall Satisfaction 3237857143 3521764708
2[Average of Avg days Order to delivery time 48.63636364 49.65
Average of Loyalty - Likely to Recommend 3.8158181818 3.85
Average of Overall Satisfaction 4.309090903 4.09
3|Average of Avg days Order to delivery time 47 47 BEEEEEET
Average of Loyalty - Likely to Recommend 3.333333333 358
Average of Overall Satisfaction 3.56 3651666667

Again, Product Type (X3) can be varied.
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Part C - Confidence Intervals

One Sample Confidence Interval Templates

Click SigmaXL > Templates and Calculators > Basic Statistical Templates >

1 Sample Z-Test and Confidence Interval for Mean or

1 Sample t-Test and Confidence Interval for Mean or

1 Sample Chi-Square Test and Cl for Standard Deviation or
1 Proportion Test and Confidence Interval or

1 Poisson Rate Test and Confidence Interval.

These confidence interval templates are also located at SigmaXL > Statistical Tools > Basic

Statistical Templates.

See Measure Phase Part B — Templates and Calculators for Confidence Interval template

examples.

Confidence Intervals - Descriptive Statistics

1. Open Customer Data.xIsx. Click Sheet 1 Tab (or press F4 to activate last worksheet).

2. Click SigmaXL > Statistical Tools > Descriptive Statistics.

3. Check Use Entire Data Table, click Next.

4. Select Overall Satisfaction, click Numeric Data Variables (Y) >>. Select Customer Type, click
Group Category (X1) >>; Confidence Level default is 95%:

Descriptive Statistics

Custorner Fecord N
Crder Date

Awg Mo, of orders p
Aniy days Orderto de
Loyalty - Likelky to Re
Responsive to Calls
Ease of Communical
Staff Knowledoge
Size of Custamer
hajor-Complaint
Product Type
SatDiscrete

Mumeric Data Variables (Y) >> | Overall Satistaction

Group Category (<1} >>» | Custamer Type

Group Category (X2) >> |

<< Remove |

Confidence Lewvel | 950 Options

0K >»>

Cancel

Help

* Row Format

" Column Format
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5. Click OK. Descriptive Statistics are given for Customer Satisfaction grouped by Customer Type:

Overall Satisfaction by Customer Type

Descriptive Statistics

Customer Type =1

Customer Type=2

Customer Type =3

Count

Mean

StDev

Range

Minimum

25th Percentile (Q1)
50th Percentile (Median)
75th Percentile (Q3)
Maximum

95.0% CI Mean

95.0% CI Sigma
Anderson-Darling Normality Test
P-Value (A-D Test)
Skewness

P-Value (Skewness)
Kurtosis

P Value (Kurtosis)

k)

3.394

0.824680

3.080

1.720

2.810

3.560

4.020

4.800

3.0911 to 3.696
0.65901 to 1.1023
0.312776
0.5306
-0.235169
0.5557
-0.671630
0.3705

42

4205

0.621200

2.560

2420

J.828

4.340

4.725

4.980

4.0117 to 4.3988
0.51113 to 0.79213
0.526259

0.0302
-0.967994
0.0121

0.679609

0.2865

27

3.641

0.670478

2740

2.190

3.240

3.510

4.170

4.930

3.3759 to 3.9063
0.52801 to 0.91884
0.389291

0.3600

0.139571

0.7411
-0.313701
0.8435

We are given the 95% confidence interval for each sample Mean (95% Cl Mean) as well as the
95% confidence interval for the Standard Deviation (95% Cl Sigma — do not confuse this with

Process Sigma Quality Level).

These confidence intervals are very important in understanding our data and making decisions

from the data. How often are we driven by sample estimates only and fail to consider the

confidence interval or margin of error? For example, newspapers will often fail to take into

account the confidence interval when reporting opinion poll results. (To calculate confidence
intervals for discrete proportion data, use SigmaXL > Templates and Calculators > Basic
Statistical Templates > 1 Proportion Test and Confidence Interval).

Note that a confidence interval of 95% implies that, on average, the true population parameter

(Mean, Median, Standard Deviation, or Proportion) will lie within the interval 19 times out of

20.

A confidence interval or margin of error does not take into account measurement error or

survey bias, so the actual uncertainty may be greater than stated. This should be addressed

with good data collection, reliable measurement systems, and good survey design.

Confidence Intervals for the Mean can be obtained in several ways with SigmaXL: Descriptive
Statistics, Histograms & Descriptive Statistics, 1-Sample t-test & Confidence Intervals, One-Way

ANOVA, and Multi-Vari Charts.

To illustrate confidence intervals for the mean of Overall Satisfaction graphically, we have
generated a Multi-Vari Chart (with 95% Cl Mean Options) using the Customer Data.xIsx data.
This chart type will be covered later (Part Q).
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4.5

3.5 1

2.5

Overall Satisfaction (Mean Options)
w

#1 #2 #3
Customer Type

The dots correspond to individual data points. The tick marks show the 95% upper confidence
limit, mean, and 95% lower confidence limit. Clearly we can see that Customer Type 2 has a
significantly higher level of mean satisfaction; the lower limit does not overlap with the upper
limit for Types 1 and 3. On the other hand, we see overlap of the CI’s when comparing types 1
and 3. Hypothesis testing will now be used to compare the mean satisfaction scores more
precisely and determine statistical significance for the results.
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Part D - Hypothesis Testing - One Sample Z and t-Test

One Sample Z, t and Equivalence Test Templates

Click SigmaXL > Templates and Calculators > Basic Statistical Templates >
1 Sample Z-Test and Confidence Interval for Mean or

1 Sample t-Test and Confidence Interval for Mean or

1 Sample Equivalence Test for Mean

These templates are also located at SigmaXL > Statistical Tools > Basic Statistical Templates.

See Measure Phase Part B — Templates and Calculators for One Sample Z, t and Equivalence
Test template examples:

Basic Statistical Templates — 1 Sample Z-Test and Confidence Interval for Mean

Basic Statistical Templates — 1 Sample t-Test and Confidence Interval for Mean

Basic Statistical Templates — 1 Sample Equivalence Test for Mean
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One Sample t-Test

1. Open Customer Data.xlsx, select Sheet 1 tab (or press F4 to activate last worksheet). Click
SigmaXL > Statistical Tools > 1 Sample t-Test & Confidence Intervals. If necessary, check Use
Entire Data Table, click Next.

2. Ensure that Stacked Column Format is selected. Select Overall Satisfaction, click Numeric Data
Variable (Y) >>, select Customer Type, click Optional Group Category (X) >>.

3. Historically, our average customer satisfaction score has been 3.5. We would like to see if this
has changed, with the results grouped by customer type. Null Hypothesis HO: u=3.5;
Alternative Hypothesis Ha: p#3.5

4. Enter 3.5 for the Null Hypothesis HO: Mean value. Set Ha as Not Equal To, Confidence Level =
95.0%, and check Display Test Assumptions Report.

1 Sample t-Test =

gujtorger Fecord No ' Stacked Column Format {1 Numeric Data Column & 1 Optional Group Category)
rdder Date

Avg Mo, of orders per mo " Unstacked Column Format (1 or more Numeric Data Columns)
Awg daws Order to delivery i i - -
Loyalty - Likelyto Pecomm  Numeric Data Variable (Y) >> ‘ ‘ Dverall Satisfaction
Responsive to Calls —
Ease of Communications  Qptional Group Category (<) >» ‘ ‘ Custamet Type Cancel
Staff Knowledge —
Size of Customer Hel
tajor-Complaint << Remove —eP
Product Type

Sat-Discrete

e L zED = 35' I Display Test Assumptions Report
Ha: | Mot Equal To j

Confidence 950

Level:
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5. Click OK. Results:

1 Sample t-Test - Overall Satisfaction

Test Information
Hy: Mean (Mu) = 3.5
H;: Mean (Mu) Not Equal To 3.5

Customer Type 1 2 3
Count 31 42 27
Mean 3.394 4204 3.641
S5tDev 0.824680 0.621200 0.670478
S5E Mean 0148117 0.095853182 0.129034
t -0.718700 7.3657 1.093599814
P Value (2sided) 04779 0.0000 0.2842
UC (2-sided, 95%) J.696 4.399 3.906
LC (2-sided, 95%) 3.091 4.012 3.376

6. Note the P-Values. Customer Type 2 shows a significant change (increase) in Satisfaction Mean
(P-Value < .05), whereas Customer Types 1 and 3 show no change (P-Value > .05). Also note the
confidence intervals around each mean match the results from Descriptive Statistics.

7. Inthe Measure Phase we determined that Overall Satisfaction for Customer Type 2 has
nonnormal data but this does not imply that the P-Value for the 1 Sample t-test is wrong. The
Central Limit Theorem applies here: the distribution of averages tends to be normal, even if the
individual observations are not-normal. With a sample size of 42, the t-test is fairly robust
against skewed data.

8. 1 Sample t-Test Assumptions Report:

1 Sample t-Test A ptions Report
Anderson Darling P-Value = 0.030. Reject null
hypothesis: "data are sampled from a normal
distribution,” so conclude that the assumption
of normality is violated (at 95% confidence
level). Skewness value = -0.9680 and Kurtosis
value = 0.6796. See robustness and outliers.

Normality:

Robustness:

Potential (1.5*1QR) outlier lower count = 1. It is
recommended to review the data with
graphical tools: Boxplot, Normal Probability
Plot, Histegram and Run Chart / Control Chart.
Consider using a Nonparametric Test.

Outliers (Boxplot Rules):

Randomness (Independence):

This is a text report with color highlight: Green (OK), Yellow (Warning) and Red (Serious
Violation).

Each sample is tested for Normality using the Anderson Darling test. If not normal, the
minimum sample size for robustness of the 1 sample t-Test is determined utilizing Monte Carlo
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regression equations (see Basic Statistical Templates — Minimum Sample Size for Robust t-
Tests and ANOVA). If the sample size is inadequate, a warning is given and a suitable
Nonparametric Test is recommended (Wilcoxon if symmetric, Sign Test if not symmetric).

Each sample is tested for Outliers defined as: Potential: Tukey's Boxplot (> Q3 + 1.5*IQR or < Q1
— 1.5*IQR); Likely: Tukey's Boxplot 2.2*IQR; Extreme: Tukey's Boxplot 3*IQR. If outliers are
present, a warning is given and recommendation to review the data with a Boxplot and Normal
Probability Plot. Here we have a potential outlier for Customer Type 2.

Tip: If the removal of outlier(s) result in an Anderson Darling P-Value that is > 0.1, a notice is
given that excluding the outlier(s), the sample data are inherently normal.

Each sample is also tested for Randomness using the Exact Nonparametric Runs Test. If the
sample data is not random, a warning is given and recommendation to review the data with a
Run Chart.

See Appendix Hypothesis Test Assumptions Report for further details.
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Part E - Power and Sample Size

Power and Sample Size - One Sample t-Test - Customer Data

Using the One Sample t-Test (above, Part D), we determined that Customer Types 1 and 3 resulted
in “Fail to reject HO: u=3.5". A failure to reject HO does not mean that we have proven the null to
be true. The question that we want to consider here is “What was the power of the test?”
Restated, “What was the likelihood that given Ha: u#3.5 was true, we would have rejected HO and
accepted Ha?” To answer this, we will use the Power and Sample Size Calculator.

Tip: Typical sample size rules of thumb address confidence interval size and robustness to
normality (e.g. n=30). Computing power is more difficult because it involves the magnitude of
change in mean to be detected, so one needs to use the power and sample size calculator.

Please use the following guidelines when using the power and sample size calculator:
Power >= .99 (Beta Risk is <= .01) is considered Very High Power
Power >= .95 and < .99 (Beta Risk is <= .05) is High Power

Power >= .8 and < .95 (Beta Risk is <= .2) is Medium Power. Typically, a power value of .9 to detect
a difference of 1 standard deviation is considered adequate for most applications. If the data
collection is difficult and/or expensive, then .8 might be used.

Power >=.5 and < .8 (Beta Risk is <= .5) is Low Power — not recommended.
Power < .5 (Beta Risk is > .5) is Very Low Power — do not use!

1. Click SigmaXL > Statistical Tools > Power and Sample Size Calculators > 1 Sample t-Test
Calculator. We will only consider the statistics from Customer Type 3 here. We will treat the
problem as a two-sided test with Ha: Not Equal To to be consistent with the original test.

2. Enter 27 in Sample Size (N). The difference to be detected in this case would be the difference
between the sample mean and the hypothesized value i.e. 3.6411 —3.5=0.1411. Enter 0.1411
in Difference. Leave Power value blank, with Solve For Power selected (default). Given any
two values of Power, Sample size, and Difference, SigmaXL will solve for the remaining selected
third value. Enter the sample standard deviation value of 0.6705 in Standard Deviation. Keep
Alpha and Ha at the default values as shown:
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[ Power and Sample Size: 1 Sample t-Test Calculator @

Solve For

0K >>»
= (o

Power (1-Beta) Cancel

Sample Size (N) 27 o Help
Difference {Mean - Ref) IREN S

Standard Deviation B705
Significance Level (Alpha) 0.05
Ha: | MotEqual Ta j

3. Click OK. The resulting report is shown:
Power and Sample Size: 1 Sample t Test

HO: Mean (p) = Reference
Ha: Mean (p) # Reference
Solve For: Power (1 - Beta)

Sample Size (N) |Difference | Standard Deviation | Significance Level (Alpha) |Power (1 - Beta)
27 0.1411 0.6705 0.05 0.183614

4. A power value of 0.1836 is very poor. It is the probability of detecting the specified difference.
Alternatively, the associated Beta risk is 1-0.1836 = 0.8164 which is the probability of failure to
detect such a difference. Typically, we would like to see Power > 0.9 or Beta < 0.1. In order to
detect a difference this small we would need to increase the sample size. We could also set the
difference to be detected as a larger value.

5. First, we will determine what sample size would be required in order to obtain a Power value of
0.9. Click Recall SigmaXL Dialog menu or press F3 to recall last dialog. Select the Solve For
Sample Size button as shown. It is not necessary to delete the entered sample size of 27 — it
will be ignored. Enter a Power Value of .9:
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6.

7.

[ Power and Sample Size: 1 Sample t-Test Calculator @
Solve For
0K >>»
- 04 .
Power (1-Beta) | Cancel
Sample Size (N) 27 (e Help
Difference {Mean - Ref) 1411 -
Standard Deviation B705
Significance Level (Alpha) 0.05
Ha: | MotEqual Ta j

Click OK. The resulting report is shown:
Power and Sample Size: 1 Sample t Test
HO: Mean (p) = Reference

Ha: Mean (p) # Reference
Solve For: Sample Size (N)

Power (1 - Beta) | Difference | Standard Deviation | Significance Level {Alpha) | Sample Size (N} |Actual Power
0.9 0.1411 0.6705 0.05 240 0.900958197

A sample size of 240 would be required to obtain a power value of 0.9. The actual power is
rarely the same as the desired power due to the restriction that the sample size must be an
integer. The actual power will always be greater than or equal to the desired power.

Now we will determine what the difference would have to be to obtain a Power value of 0.9,
given the original sample size of 27. Click Recall SigmaXL Dialog menu or press F3 to recall last
dialog. Select the Solve For Difference button as shown:
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Power and Sample Size: 1 Sample t-Test Calculator @
Solve For
0K >>»
Power (1-Beta) 04 . Cancel
Sample Size (N) er e Help

Difference {Mean - Ref) J411 v

Standard Deviation B705

Significance Level (Alpha) 005

Ha: | MotEqual To

AREIL BE

9. Click OK. The resulting report is shown:

Power and Sample Size: 1 Sample t Test

HO: Mean (p) = Reference
Ha: Mean (p) # Reference
Solve For: Difference (Mean - Reference)

[Power (1 - Beta}iﬁample Size (N) | Standard Deviation | Significance Level {Alpha) |Difference
| 0.9 27 0.6705 0.05 0.434B637

10. A difference of 0.435 would be required to obtain a Power value of 0.9, given the sample size of
27.

210



SigmaXL: Analyze Phase Tools

Power and Sample Size - One Sample t-Test - Graphing the
Relationships between Power, Sample Size, and Difference

In order to provide a graphical view of the relationship between Power, Sample Size, and
Difference, SigmaXL provides a tool called Power and Sample Size with Worksheets. Similar to the
Calculators, Power and Sample Size with Worksheets allows you to solve for Power (1 — Beta),
Sample Size, or Difference (specify two, solve for the third). You must have a worksheet with
Power, Sample Size, or Difference values. Other inputs such as Standard Deviation and Alpha can
be included in the worksheet or manually entered.

1. Open the file Sample Size and Difference Worksheet.xlIsx, select the Sample Size & Diff sheet
tab. Click SigmaXL > Statistical Tools > Power & Sample Size with Worksheets > 1 Sample t-
Test. If necessary, check Use Entire Data Table. Click Next.

2. Ensure that Solve For Power (1 — Beta) is selected. Select Sample Size (N) and Difference
columns as shown. Enter the Standard Deviation value of 1. Enter .05 as the Significance Level
value:

Power and Sample 5ize: 1 Sample t-Test

Select Column or Enter ¥alue Solve For

Power (1-Beta) == | | fo oK ==

Cancel

Jiid

Sample Size {N) > | | Sample Size (M) .
Help
Difference {Mean - Ref) == | | Difference -
Standard Deviation = | | 1
Significance Level {Alpha) > | | .05
Ha: | Mok Equal To j

<< Remove |

Note: By setting Standard Deviation to 1, the Difference values will be a multiple of Standard
Deviation.
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Click OK. The output report is shown below:

|
Power and Sample Size: 1 Sample t Test

HO: Mean (p) = Reference
Ha: Mean {p) = Reference
Solve For: Power (1 - Beta)

Sample Size (N} |Difference [Standard Deviation |Significance Level {Alpha) |Power (1 - Beta)

0.5
0.5
0.5
0.5
0.5
04s
0.5
04s
0.5

[Ou Rt By up R =S N B )
PR PR P RS PN I PO U Y

—y
[

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.061348607
0.084107056
0111274916
0.140516652

017070708
0.201327803
0.23207 7006
0.2627 46055
0.293175607

3. To create a graph showing the relationship between Power, Sample Size and Difference, click
SigmaXL > Statistical Tools > Power & Sample Size Chart. Check Use Entire Data Table. Click

Next.

4. Select Power (1 — Beta), click Y Axis (Y); select Sample Size (N), click X Axis (X1); select
Difference, click Group Category (X2). Click Add Title. Enter Power & Sample Size: 1 Sample t-

Test:

Standard Deviation ¥ Axis (Y
Significance Lewel (Alnl ¥ Auis (1)

| | Power (1 - Beta)

X Axis (X1)

| | Sample Size (M)

Group Category (X2} | | Cifference

=< Remove

Power & Sample Size Chart fg

Standard O

5. Click OK. Click OK. The resulting Power & Sample Size Chart is displayed:

0.8 4
0.6 -

0.4 4

Power (1 - Beta)

0.2

Sample 5Size (N)

Power & Sample Size: 1 Sample t-Test

—s— Difference = 0.5
—=— Difference = 1

Difference = 1.5

Difference = 2

—«— Difference = 2.5
—e— Difference = 3

Since the Standard Deviation
was specified as 1, the
Difference values are multiples
of the Standard Deviation.
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Part F - One Sample Nonparametric Tests

Introduction to Nonparametric Tests

Nonparametric tests make fewer assumptions about the distribution of the data compared to
parametric tests like the t-Test. Nonparametric tests do not rely on the estimation of parameters
such as the mean or the standard deviation. They are sometimes called distribution-free tests.

Nonparametric tests use Medians and Ranks, thus they are robust to outliers in the data. If,
however, the data are normal and free of outliers, nonparametric tests are less powerful than
normal based tests to detect a real difference when one exists.

Nonparametric tests should be used when the data are nonnormal, the data cannot be readily
transformed to normality, and the sample size is too small for robustness due to the Central Limit
Theorem.

Exact Nonparametric Tests

Nonparametric tests do not assume that the sample data are normally distributed, but they do
assume that the test statistic follows a Normal or Chi-Square distribution when computing the
“large sample” or “asymptotic” P-Value. The One-Sample Sign Test, Wilcoxon Signed Rank, Two
Sample Mann-Whitney and Runs Test assume a Normal approximation for the test statistic.
Kruskal-Wallis and Mood’s Median use Chi-Square to compute the P-Value. With very small sample
sizes (see recommendations below), these approximations may be invalid, so exact methods should
be used. SigmaXL computes the exact P-Values utilizing permutations and fast network algorithms.

It is important to note that while exact P-Values are “correct,” they do not increase (or decrease)
the power of a small sample test, so they are not a solution to the problem of failure to detect a
change due to inadequate sample size.

For data that require more computation time than specified, Monte Carlo P-Values provide an
approximate (but unbiased) P-Value that typically matches exact to two decimal places using
10,000 replications. One million replications give a P-Value that is typically accurate to three
decimal places. A confidence interval (99% default) is given for the Monte Carlo P-Values. Note
that the Monte Carlo confidence interval for P-Value is not the same as a confidence interval on
the test statistic due to data sampling error. The confidence level for the hypothesis test statistic is
still 95%, so all reported P-Values less than .05 will be highlighted in red to indicate significance.
The 99% Monte Carlo P-Value confidence interval is due to the uncertainty in Monte Carlo
sampling, and it becomes smaller as the number of replications increases (irrespective of the data
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sample size). The Exact P-Value will lie within the stated Monte Carlo confidence interval 99% of
the time.

Recommended Sample Sizes for use of Exact Nonparametric Tests
Sign Test: N <=50

Wilcoxon Signed Rank: N <= 15

Mann-Whitney: Each sample N <= 10

Kruskal-Wallis: Each sample N <=5

Mood’s Median: Each sample N <= 10

Runs Test (Above/Below) or Runs Test (Up/Down) Test: N <= 50

These are sample size guidelines for when exact nonparametric tests should be used rather than
“large sample” asymptotic based on the Normal or Chi-Square approximation. It is always
acceptable to use an exact test, but computation time can become an issue especially for tests with
two or more samples. In those cases, one can always use a Monte Carlo P-Value with 99%
confidence interval.

Validation of SigmaXL Exact P-Values

SigmaXL Exact P-Values are validated by comparison to textbook examples, published paper
examples and other exact software such as StatXact, SPSS Exact, SAS, and Matlab.

Monte Carlo P-Values are validated using 1e6 replications and compared against exact. Repeated
simulations are used to validate the confidence intervals.

For further details and references refer to the Appendix Exact and Monte Carlo P-Values for

Nonparametric and Contingency Tests.
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One Sample Sign Test

The sign test is the simplest of the nonparametric tests, and is similar to testing if a two-sided coin
is fair. Count the number of positive values (larger than hypothesized median), the number of
negative values (smaller than the hypothesized median), and test whether there are significantly
more positives (or negatives) than expected. The One Sample Sign Test is a nonparametric
equivalent to the parametric One Sample t-Test.

Historically, our Median customer satisfaction score has been 3.5. We would like to see if this has
changed, with the results grouped by customer type (HO: Median=3.5, Ha: Median#3.5, a = 0.05).

1. Open Customer Data.xlsx, select Sheet 1 tab. Click SigmaXL > Statistical Tools >
Nonparametric Tests>1 Sample Sign. If necessary, check Use Entire Data Table, click Next.

2. Ensure that Stacked Column Format is selected. Select Overall Satisfaction, click Numeric Data
Variable (Y) >>; select Customer Type, click Optional Group Category (X) >>.

3. Enter 3.5 for the Null Hypothesis HO: Median value. Set Ha as Not Equal To.

Nonparametrics: 1 Sample Sign Test fgl

Customer Recard Mo {+ Stacked Column Format {1 Numeric Data Column & 1 Group Category Column)

Crder Date ]
I eed | ¢ Unstacked Column Format (2 or More Numeric Data Columns)
Avg days Order to deli
Loyalty - Likely 10 RECC Nymeric Data Yariable (¥) == | Owerall Satisfaction
Responsive to Calls 0K ==
Ease of Commmunicatior
Staff Knowledge Optional Group Category (%) == | Customer Type
Size of Customner Cancel
Major-Carnplaint
Product Type << Remove
Help
HOD: Median = 39|
Ha: ‘ Mot Equal To j

4. Click OK. Results:
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1 Sample Sign Test for Medians: Overall Satisfaction

Test Information
Hp: Median = 3.5
Hi: Median Not Equal To 3.5

Customer Type 1 2 3
Count (N) 3 42 27
Median 3.560 4340 3510
Points Below 3.5 15 b 13
Points Equal To 3.5 0 1 0
Points Above 3.5 16 36 14
P-Value (2-sided) 1.0000 0.0000 1.0000

Note the P-Values. Customer Type 2 shows a significant change (increase) in Satisfaction
Median (P-Value < .05), whereas Customer Types 1 and 3 show no change (P-Value > .05).
While the P-Values are not the same as those given by the 1 sample t-Test, the conclusions do
match.

If Count (N) is less than or equal to 50, the Sign Test computes an exact P-Value using the
binomial distribution. For N > 50, the P-Value is estimated using a normal approximation. Since
this is always done automatically and is very fast, the Sign Test is not included in the separate
Nonparametric Exact menu.

One Sample Wilcoxon Signed Rank Test

The Wilcoxon Signed Rank test is a more powerful nonparametric test than the Sign Test, but it
adds an assumption that the distribution of values is symmetric around the median. An example of
a symmetric distribution is the uniform distribution. Symmetry can be observed with a histogram,
or by checking to see if the Skewness is large (>.5 or < -.5).

The One Sample Wilcoxon Test is a nonparametric equivalent to the parametric One Sample t-Test.

Historically, our Median customer satisfaction score has been 3.5. We would like to see if this has
changed, with the results grouped by customer type (HO: Median=3.5, Ha: Median#3.5, a = 0.05).

1. Open Customer Data.xlsx, select Sheet 1 tab (or press F4 to activate last worksheet). Click
SigmaXL > Statistical Tools > Nonparametric Tests > 1 Sample Wilcoxon. If necessary, check
Use Entire Data Table, click Next.

2. Ensure that Stacked Column Format is selected. Select Overall Satisfaction, click Numeric Data
Variable (Y) >>; select Customer Type, click Optional Group Category (X) >>.

3. Enter 3.5 for the Null Hypothesis HO: Median value. Keep Ha as Not Equal To.
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1 Sample Wilcoxon rz|
éu;t'jrgert Record Mo {+ Stacked Column Format {1 Numeric Data Column & 1 Group Category Column)
rder Date
&vg Ma. of arders per " Unstacked Column Format {2 or More Numeric Data Columns)
Avg days Order to deli
Lovalty - Likely to ReCt Nymeric Data Yariable (¥) => | Owerall Satisfaction
Responsive to Calls 0K ==
Ease of Cormrmunicatior
Staff Knowledge Optional Group Category (X} == | Customer Type
Size of Custorner Cancel
Major-Cornplaint
Product Type << Remove
Help
HO: Median = 2.5
Ha: ‘ Mot Equal To j

4. Click OK. Results:
1 Sample Wilcoxon Test: Overall Satisfaction
Test Information

Hp: Median = 3.5
H;: Median Mot Equal To 3.5

Customer Type 1 2 3
Count (N) a1 42 27
Count for Test 31 41 27
Median 36 434 3481
Wilcoxon Statistic 217.50 802.50 222.00
P-Value (2-sided) 05566 0.0000 04349

Note the P-Values. Customer Type 2 shows a significant change (increase) in Satisfaction
Median (P-Value < .05), whereas Customer Types 1 and 3 show no change (P-Value > .05).
Although the P-Values are not identical to the sign test and t-Test, the conclusions match.
(Note, in the case of Customer Type 2, the Sign Test is preferred since the data is not
symmetrical but skewed).

One Sample Wilcoxon Signed Rank Test - Exact

We will now redo the above example to compute exact P-Values. Typically, this would not be
necessary unless the sample sizes were smaller (N <= 15 for Wilcoxon), but this gives us continuity
on the example. We will consider a small sample problem later.

1. Open Customer Data.xlsx, select Sheet 1 tab (or press F4 to activate last worksheet). Click
SigmaXL > Statistical Tools > Nonparametric Tests — Exact > 1 Sample Wilcoxon - Exact. If
necessary, check Use Entire Data Table, click Next.
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2. Ensure that Stacked Column Format is selected. Select Overall Satisfaction, click Numeric Data
Variable (Y) >>; select Customer Type, click Optional Group Category (X) >>.

3. Enter 3.5 for the Null Hypothesis HO: Median value. Keep Ha as Not Equal To.

1 Sarmple Wilcoxon - Bxact @
'-“t':"Er Fecard Mo ' Stacked Column Format (1 Numeric Data Column & 1 Optional Group Category)
rdder Date
Awg Mo, of orders per ma " Unstacked Column Format {1 or more Numeric Data Columns)
Awg days Order o delivery i i - -
Loyalty - Likelyto Recornm  Numeric Data Variable (Y) >> ‘ ‘ Orwerall Satisfaction
Responsive to Calls —
Ease of Communications Optional Group Category (X) >> ‘ ‘ Customer Type Cancel
Staff Knowledge —
Size of Customer Hel
tajor-Complaint << Remove =P
Product Type
Sat-Discrete B
HO: Median = 35
Ha: | Mot Equal To j

4. Click OK. Results:

1 Sample Wilcoxon Test - Exact: Overall Satisfaction

Test Information
Hg: Median = 3.5
H;: Median Not Equal To 3.5

Customer Type 1 2 3
Count (N) K 42 27
Count for Test 31 41 27
Median A6 434 3581
Wilcoxon Statistic 2MT.R0 B02.50 222.00
Exact P-Value {2sided) 0.5584 0.0000 0.4410

The Wilcoxon Statistics are identical to the above “large sample” or “asymptotic” results. The
Exact P-Values are close but slightly different. This was expected because the sample sizes are
reasonable (N > 15), so the “large sample” P-Values are valid using a normal approximation for
the Wilcoxon Statistic.

Note, if Count (N) is greater than 1000, the Exact P-Value is estimated using a continuity -
corrected normal approximation. Since the Wilcoxon Exact P-Value is computed very quickly
for sample sizes as large as 1000, Monte Carlo P-Values are not required.

5. Now we will consider a small sample problem. Open Nonnormal Task Time Difference — Small
Sample.xIsx. A study was performed to determine the effectiveness of training to reduce the
time required to complete a short but repetitive process task. Fifteen operators were randomly
selected and the difference in task time was recorded in seconds (after training — before
training). A negative value denotes that the operator completed the task in less time after
training than before.
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6. Click SigmaXL > Graphical Tools > Histograms & Descriptive Statistics. If necessary, check Use
Entire Data Table. Click Next. Select Difference (Seconds), click Numeric Data Variables (Y) >>.
Click OK.

Difference (Seconds)

Count =15

Mean = -7.067
Stdev = 12.842
Range = 35.00

Minimum = -25

25th Percentile (Q1) = -20
50th Percentile (Median) = -2
75th Percentile (Q3) = 6
Maximum =10

95% Cl Mean = -14.18 to 0.05
95% Cl Sigma = 9.40 to 20.25

o o
o wn

Diffefence (Secolnds) Anderson-Darling Normality Test:
A-Squared = 0.841433; P-Value = 0.0227

0.0
5.0
10.0

This small sample data fails the Anderson Darling Normality Test (P-Value =.023). Note that
this is due to the data being uniform or possibly bimodal, not due to a skewed distribution.
Now we will perform a 1 Sample t-Test and review the assumptions.

7. Select Task Time Difference tab (or press F4 to activate last worksheet). Click SigmaXL >
Statistical Tools > 1 Sample t-Test & Confidence Intervals. If necessary, check Use Entire Data
Table, click Next.

8. Ensure that Stacked Column Format is selected. Select Difference (Seconds), click Numeric
Data Variable (Y) >>.

9. This is a one-sided test because we have no reason to expect that the task time will increase, so
the Null Hypothesis HO: i = 0; and the Alternative Hypothesis Ha: u < 0. Enter O for the HO:
Mean value. Select Ha as Less Than, Confidence Level = 95.0%, and check Display Test
Assumptions Report.

1 Sample t-Test ==

* Stacked Column Format (1 Numeric Data Column & 1 Optional Group Category)

" Unstacked Column Format {1 or more Numeric Data Columns)

i i Difference (Seconds
Mumeric Data Variable (Y)>>» ‘ ‘ t ]
Optional Group Category () >> ‘ ‘ Cancel

dii

<< Remove Help
Al L EED = 0 ¥ Display Test Assumptions Report

Ha: | Less Than j
Confidence a5
Level:
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10. Click OK.

1 Sample t-Test

Test Information
Hy: Mean (Mu) =0
H,: Mean (Mu) Less Than 0

Results:

Count

Mean

S5tDev

SE Mean

t

P-Value (1-sided)
UC [1-sided, 95%)

Difference (Seconds)

-7.067
12.842

3.3216
-2.131
0.0256
-1.226

1 Sample t-Test Assumptions Report

Mormality:

Robustness:

Outliers (Boxplot Rules):

Randomness (Independence):

The 1 Sample t-Test Assumptions Report highlights that the data are not normal, but note that
Kurtosis equal to -1.84 is the issue here, not Skewness. This was observed in the Histogram

Anderson Darling P-Value =0.023. Reject null hypothesis:
"data are sampled from a normal distribution,” so conclude

that the assumption of normality is violated (at 95%

confidence level). Skewness value =-0.1369 and Kurtosis

value = -1.8385. See robustness and outliers.

above with the data being uniform or possibly bimodal.

The sample size is too small for a robust t-Test, so the Exact One Sample Wilcoxon Test is

recommended. The Wilcoxon Test is recommended over the Sign Test because it is a more

powerful test and meets the requirement that the data be symmetrical. The Exact test is
recommended because the sample size is very small (N <= 15).
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11. Select Task Time Difference tab (or press F4 to activate last worksheet). Click SigmaXL >
Statistical Tools > Nonparametric Tests — Exact > 1 Sample Wilcoxon - Exact. If necessary,
check Use Entire Data Table, click Next.

12. Ensure that Stacked Column Format is selected. Select Difference (Seconds), click Numeric
Data Variable (Y) >>. Enter O for the HO: Median value. Select Ha as Less Than.

13. Click OK. Results:

14.

15.

1 Sample Wilcoxon - Exact

=58

' Stacked Column Format {1 Numeric Data Column & 1 Optional Group Category)

" Unstacked Column Format {1 or more Numeric Data Columns)

MNumeric Data Variable {¥) >> ‘ ‘ Difference (Seconds)

OK »>

Optional Group Category (X} >> ‘ ‘ Cancel

dild

<< Remove Help
HO: Median = il

Ha: | Less Than j

1 Sample Wilcoxon Test - Exact

Test Information

H,- Median=0

H,: Median Less Than 0

Results:
Count (N)
Count for Test
Median

Wilcoxon Statistic
Exact P-Value (1-sided)

Difference (Seconds)
15
14
-2
26.00
0.0497

With the P-Value = .0497 we reject HO and conclude that the Median Task Time Difference is
significantly less than 0, so the training is effective.

By way of comparison we will now rerun the analysis using the large sample (asymptotic)
Wilcoxon test.

Select Task Time Difference tab (or press F4 to activate last worksheet). Click SigmaXL >
Statistical Tools > Nonparametric Tests > 1 Sample Wilcoxon. If necessary, check Use Entire
Data Table, click Next.

Ensure that Stacked Column Format is selected. Select Difference (Seconds), click Numeric
Data Variable (Y) >>. Enter O for the HO: Median value. Select Ha as Less Than.
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1 Sample Wilcoxen @

* Stacked Column Format (1 Numeric Data Column & 1 Optional Group Category)

" Unstacked Column Format (1 or more Numeric Data Columns)

‘ Numeric Data Variable (¥} >> | ‘ Difference (Seconds)
Optional Group Category (%) >> ‘ ‘ Cancel
<< Remove M

HO: Median = n

Ha: ‘ Less Than j

16. Click OK. Results:

1 Sample Wilcoxon Test

Test Information
H;: Median=0
H,: Median Less Than 0

Results: Difference (Seconds)

Count (N) 15
Count for Test 14
Median -2
Wilcoxon Statistic 26.00
P-Value (1-sided) 0.0513

Now with the P-Value = .0513 we incorrectly fail to reject HO.

The difference between exact and large sample P-Value is small but it was enough to lead us to
falsely conclude that the training is ineffective.

In conclusion, whenever you have a small sample size and are performing a nonparametric test,
always use the Exact option.
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Part G - Two Sample t-Test

Two Sample t and Equivalence Test Templates

Click SigmaXL > Templates and Calculators > Basic Statistical Templates >
2 Sample t-Test and Confidence Interval (Compare 2 Means) or
2 Sample Equivalence Test (Compare 2 Means).

These templates are also located at SigmaXL > Statistical Tools > Basic Statistical Templates.

See Measure Phase Part B — Templates and Calculators for Two Sample t-Test template
examples:

Basic Statistical Templates — 2 Sample t-Test and Confidence Interval (Compare 2 Means)

Basic Statistical Templates — 2 Sample Equivalence Test (Compare 2 Means)
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Two Sample t-Test

1. Open Customer Data.xlsx, click Sheet 1 tab (or press F4 to activate last worksheet). We will
look at comparing means of Customer Satisfaction by Customer Type (2 vs. 3), using the Two
Sample t-test. HO: p2=p3, Ha: p2#u3

2. Click SigmaXL > Statistical Tools > 2 Sample t-test. If necessary, check Use Entire Data Table,
click Next.

3. With stacked column format checked, select Overall Satisfaction, click Numeric Data Variable Y
>>; select Customer Type, click Group Category X >>; HO: Mean Diff = 0; Ha: Not Equal To;
Confidence Level: 95%; ensure that Assume Equal Variances and Display Test Assumption
Report are checked:

2 Samplet-Test ==
gujtorgertRecord Mo * Stacked Column Format (1 Numeric Data Column & 1 Group Category Column)
rder Diate
A Mo, of orders per mo " Unstacked Column Format (2 Numeric Data Columns)
A days Orderto delivery ) i - -
Layalty - Likely to Recarnm  Numeric Data Variable (Y) >> ‘ | Crverall Satisfaction
Fesponsive to Calls —
Ease of Communications | Group Category (X) >> | | Customer Type Cancel
Staff Knowledge D e P B P : —
Size of Customer Hel
hajor-Complaint << Remove (e[
Product Type
SatDiscrete . .
HO: Mean Diff = 0 ¥ Display Test Assumptions Report
Ha: | MNotEgual Ta j
Confidence 95.0
Level:
v Assume Equal Yariances
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4. Click OK. Select Customer Type 2 and 3.

Please select 2 iterns from the following list (in desired order for one sided comparison). @
..................................... 5 OK>>
______________ > | |2
Cancel
<< Remove -
Help

5. Click OK. Resulting output:

2 Sample t-Test: Overall Satisfaction

Test Information

Hg: Mean Difference =0

H;: Mean Difference Not Equal To 0
Assume Equal Variance

Customer Type 2 3
Count 42 27
Mean 4 205 3641
Standard Deviation 0621200 0670478
Mean Difference 0564127
Std Error Difference 0158060
DF 67
t 3.569
P-Value (2sided) 0.0007
UC (2-sided, 95%) 0.879616
LC {2sided, 95%) 0248638

Given the P-Value of .0007 we reject HO and conclude that Mean Customer Satisfaction is
significantly different between Customer type 2 and 3. This confirms previous findings.
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6. 2 Sample t-Test Assumptions Report:

2 Sample t-Test Assumptions Report
Anderson Darling P-Value = 0.030. Reject null
hypothesis: "data are sampled from a normal
distribution,” so conclude that the assumption
of normality is violated (at 95% confidence
level). Skewness value = -0.9680 and Kurtosis
value = 0.6796. See robustness and outliers.

Normality:

Robustness:

Potential (1.5*1QR) outlier lower count=1. It is
recommended to review the data with
graphical tools: Boxplot, Normal Probability
Plot, Histogram and Run Chart / Control Chart.
Consider using a Nonparametric Test.

Qutliers (Boxplot Rules):

Randomness (Independence):

Equal Variance:

This is a text report with color highlight: Green (OK), Yellow (Warning) and Red (Serious
Violation).

Each sample is tested for Normality using the Anderson-Darling test. If not normal, the
minimum sample size for robustness of the 2 sample t-Test is determined utilizing Monte Carlo
regression equations (see Basic Statistical Templates — Minimum Sample Size for Robust t-
Tests and ANOVA). If the sample size is inadequate, a warning is given and the Nonparametric
Mann-Whitney Test is recommended.

Each sample is tested for Outliers defined as: Potential: Tukey's Boxplot (> Q3 + 1.5*IQR or < Q1
— 1.5*IQR); Likely: Tukey's Boxplot 2.2*IQR; Extreme: Tukey's Boxplot 3*IQR. If outliers are
present, a warning is given and recommendation to review the data with a Boxplot and Normal
Probability Plot. Here we have a potential outlier for Customer Type 2.

Tip: If the removal of outlier(s) result in an Anderson Darling P-Value that is > 0.1, a notice is
given that excluding the outlier(s), the sample data are inherently normal.

Each sample is tested for Randomness using the Exact Nonparametric Runs Test. If the sample
data is not random, a warning is given and recommendation to review the data with a Run
Chart.
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A tes