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Introduction to SPC for Excel

SPC for Excel (SPC) is an add-in to Microsoft® Excel® that provides flexible, pre-configured statistical analysis
tools that can free the user to generate rapid and meaningful results without having to perform extensive Excel
development.

Using the “Getting Started” Guide

To use the features of SPC, you are expected to have some background knowledge of the statistical

techniques you want to use. The topics within this guide describe the most commonly-used features ‘
of SPC to illustrate its operation within Excel. The topics within this guide appear in the order of @
their tool appearance in the SPC ribbon layout. Internet links to each topic’s help file are shown in

red underlined text such as this link and indicated in the right margin using the question mark icon shown.
Pressing “control” and clicking on the link will open your default browser and display the linked help file from
the SPC for Excel website (www.spcforexcel.com).

look for links to the SPC Knowledge Base noted throughout this guide in blue underlined text
similar to this text and marked in the right margin by the server icon. More than 150 articles
describe the various techniques and tools available through SPC. There are also on-line videos that
give an overview of how to use the named technique indicated as noted by links similar to this text.

This guide cannot cover all options and techniques built into SPC software. For more information i

- &
-*.

The data used in the guide examples are from the workbook file “SPC-for-Excel-Example-Data-for-Getting-
Started.xlsx.” This workbook file offers sample data and notes to help you learn how to use SPC. To begin, open
the workbook file and go to the tab for the statistical technique you want to use. Follow along with the steps in
this guide. This workbook file is included with the software download and may be found in the folder where you
unzipped the program. You can also find the workbook file on-line using this link.

Overview of How the Software Works
SPC is designed for ease of use. The following steps are common to most of the techniques in the software:

e Enter the data into an Excel worksheet.

e Select the statistical technique you want to use from the SPC ribbon.
e Enter any required information (e.g., chart name).

e Select “OK” and SPC performs analysis and presents graphic results.

Many of the techniques (including control charts) are updated easily with new data.


https://www.spcforexcel.com/help
http://www.spcforexcel.com/
https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc-software/statistical-tools-spc-for-excel
https://www.spcforexcel.com/Downloads/SPC-Example-Data-for-Getting-Started.xlsx
https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html

Navigating the SPC for Excel Ribbon

The SPC for Excel ribbon appears between the “Home” and “Insert” tabs in the Excel ribbon. Selecting “SPC for
Excel” displays 13 panels listing the available statistical analysis categories.

File Home SPC For Excel Insert Draw Page Layout Formulas Data Review View Developer Help P Tell me what you want te de
I, Frequency |l Basic == Attribute | L Cpk 43 Update Charts | [ Scatter i, MsA X ANOM Normal Probability ™ Desc. Stats 12 Correlation D select Cells | @P)PowerPoint | #® Program Update
Defect i Multiple | = Variable il Multiple Cpk # Options B Fishbone ‘0 poE > ANOX a Data Transformation | Ho Sample Tests TP NenParametric # FixShade B word @ sPCHelp
Variable . Group A Actions ' Non-Normal Ppk ¥ Regression | 534 ANOVA '? Distribution Fitting ¥ Muttiple Processes 4 Misc. Tools [E] Format (D About SPC for Excel
Pareto Histograms | Control Charts Process Capability Updating/Options | Cause and Effect Analysis Distributions Statistical Tools Utilities Export Help

The title of the category appears at the bottom of the panel. The various techniques of that category appear
above the category title.

N Cpk
P \ Statistical techniques

S Multiple Cpk <

/ included
Process capability J\. Non-Normal Ppk

panel — > Process Capability

This guide describes operation of one technique from each of the 13 panels. For example, this guide describes
the Cpk option to explain the general operation of the Process Capability panel. Information concerning the
other panel options can be found through the listed on-line help links to their respective help pages and
additional information may be found through the articles in the SPC Knowledge Base links if applicable.

Opening SPC for Excel the First Time

The Welcome to SPC for Excel window appears as shown when opening SPC for the first time or by selecting
“About SPC” in the last panel of the SPC ribbon. In addition to publisher information, the window provides
reference information and links to help tools online.

About SPC for Excel *
Welcome to SPC for Excel!

SPC for Excel s a statistical analyss package Four things to help you learn to use this software:

created and distributed by BPI Consulting, LLC.
There are four aids to help you learn to use the
package.

1. Use the "Getting Started with SPC for Excel" guide and the workbook . — This gUIde
designed to go with the guide. Both documents accompany the software <]
and can be found in the "SPC for MS Excel” folder under your Documents

folder after installation.

2. Watch videos for the various technigues. These videos wil give you an
overview of how each techingue is used. Select the link below to see a list of
videos avaizble.

Videos Link PEEE———— R On-line videos

3. Use the on-line help. This help provides the details of how to use all the
technigues in the SPC for Excel software. There are example data workbooks
that follow the help files. These are stored in the "SPC for MS Excel folder”
under your Document folder after installation.

d— .
Heb Link @ On-line help
4. Contact us. We wil be happy to answer any guestions you have.
suppart@spcforexcel.com «— .
——  Support e-mail

SPC for Excel Web

Version: 6.0.0.0



https://www.spcforexcel.com/spc-software/statistical-tools-spc-for-excel
https://www.spcforexcel.com/help
mailto:support@spcforexcel.com

Note: help can also be accesses by selecting the Help
button that appears in the lower left-hand corner of the

input forms used in SPC.

Frequency Pareto Chart
Ranges

Categories: SAS1:SAS17 -

¥ Data has headings

Chart Input

Mame of Chart: Returns Pareto|

Cumulative Line?

Options

Titles, Dates, Category Axis

A

Freguendies: $B51:$B517 -

Categories in:

* One Column " One Row

¥ Yes " No [ Indude Other Category for Frequendies <=:

Cancel




Pareto Diagrams

A Pareto diagram is a special type of bar chart displays the "vital few" separate from the "trivial many." The
diagram is based on the 80/20 rule: e.g., 20% of our customers buy 80% of our products. The horizontal (x) axis
most often represents problems or causes of problems (the “categories”). The vertical (y) axis most often
represents frequency or cost (the “frequencies”). The problem or cause that occurs most frequently (or costs the
most) is listed first on the x axis. The second most frequently occurring problem or cause is listed second and so
on. A bar is generated for each cause or problem. The height of the bar is the frequency with which that
problem or cause occurred. A cumulative percentage line is sometimes added to the Pareto diagram.

SPC offers three different options for a Pareto diagram:

e Frequency: creates a Pareto chart based on categories and frequencies.
e Defect: creates a Pareto chart from a list of defects.
e Variable: creates a Pareto chart for defects for each variable (such as day, afternoon, and night shift).

Frequency Pareto Diagram

The “Frequency” Pareto diagram option totals the frequencies for the categories and creates the chart. Enter
the data into a worksheet — it can be done anywhere on the worksheet. The data can be in columns or rows.

Example: We have five products (A, B, C, D, E) for which we are tracking the number of returns each week.

1. Enter the number of returns each week & E

into the worksheet.  broduct Returns per
Week

2. Select first cell containing the title or data.

wmu#wm\

G Moo m
= - R )

3. Select “Frequency” from the Pareto panel % I Frequency

on the SPC for Excel ribbon (first panel Defect
from |Eft). Variable
Pareto



4.  Ensure that the categories and Frequency Pareto Chars X
frequencies ranges are correct. Ranges
Categories: I SAS1:5AS17 _I Frequencies: I $B5$1:58517 -
. X [V Data has headings
5. Checkif data has headings. S— S
Name of Chart: Returns Pareto| ’7(? One Column ¢ One Row
6.  Enter the name of the chart (e.g., Returns [mmanmm;j
Pa reto) ¥ Yes i Mo ™ Indude Other Category for Frequendes <=:
Options

Titles, Dates, Category Axis
7.  Select ”OK."  4|

» Help Cancel
I |
8.  Questions? Select “Help.”
Pareto Chart
90 - 100% - 100%
%0 1+ 90%
- 80%
70 -
- 70%
60 -
+ 60%
a -
c 50 - c
] -+ 50% o
g )
= 40 a
- 40%
29
- 0
30 % 1 30%
J 18
20 - 20%
12
10 + + 10%
3
0 ; ; ; )
E C B A D
Problem

To update a Pareto diagram, add new data below the existing data and “Update Chart” from the
Updating/Options panel on the SPC ribbon.

Pareto Diagram Links

Pareto Diagram Help Links:
e Frequency Pareto Diagrams
e Defect Pareto Diagrams
e Variable Pareto Diagrams
e Video highlighting using Pareto diagrams with SPC for Excel

SPC Knowledge Base Links About Pareto Diagrams:

e Pareto Diagrams
e Using Pareto Diagrams and Control Charts Together



https://www.spcforexcel.com/help/pareto/frequency
https://www.spcforexcel.com/help/pareto/defect
https://www.spcforexcel.com/help/pareto/variable
https://www.spcforexcel.com/spc-for-excel/pareto-diagrams
https://www.spcforexcel.com/knowledge/bar-charts/pareto-diagrams
https://www.spcforexcel.com/knowledge/bar-charts/using-pareto-diagrams-and-control-charts-together
https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html

Histograms

A histogram is a bar chart of the results over a given time period. The histogram represents a snapshot in time
of the variation in your process. It will give you an idea of the most frequently occurring value or range of
values, how much variation there is in the data, the shape of the data (distribution), and the relationship of the
data to specifications.

The SPC for Excel software has three different options for a histogram:

e Basic: creates a single histogram from the data.
o Multiple: creates multiple histograms at one time from data in a table.
e  Group: creates multiple histograms on one chart to compare the variation in multiple processes.

Basic Histogram

The basic histogram option creates a frequency histogram based on the data entered into the worksheet. There
are options to add specifications, to add a normal or non-normal curve, to show the descriptive statistics, and to
change the number of classes or class width.

Example: The conversion from a batch reactor is being tracked over time. There are data for the last 100
batches.

. . A I
1.  Enter the data into the worksheet; it can be
K ’ » 1 |% Conver:lion
one column or one row or multiple columns - |
and rows. 3 | 69.4
4 65.5
. L. . 5 70.4
2. Select the first cell containing the title or - 0.4
data. - - -
3. Select “Basic” from the Histogram panel on p illi Basic
the SPC for Excel ribbon (second panel from . Multiple
left). i Group
Histograms
4.  Ensure that the data range is correct. Histogram x
Ranges
Data: | $AS2:5A5101 =

5. Enter a name for the chart (e.g., batch

. Chart Input
conversion).
Mame of Chart: | batch conversion

Data in:

6. Change options if desired. & Coumns ¢ Rows
\ Options Hide Options

7. Select “OK.”

Descriptive Classes,
SEElE Dates Distribution F0uT

8.  Questions? Select “Help.”
\ -e\ Cancel

Rounding, Nominal,

Titles, ‘ Specs,

10



H Descriptive Statistics
Batch Conversion P
Standard Error=0.2
25 4 Median=70
Standard Deviation=2
22 Variance=4
Sum=7001.5
20 Count=100
Maximum=75.5
20 Minimum=65.5
Range=10
Kurtosis=0.2932
16 Skewness=0.2455
- 15 14
9]
c
[
3
o
g
10
8
6
5
5 - 4
3
2
0
64 66 68 70 72 74 76
Measurement

Options for Histograms

To access histogram options, select “Show Options” within the histogram parameter entry form. Options can
also be changed on an existing chart by selecting “Options” from the Updating/Options panel on the SPC for
Excel ribbon. Select the name of the chart and it will bring up the form shown previously. The options for the
basic histogram are shown as follows.

Descr’ptlve Statistics Histogram Descriptive Statistics *
e Options to show all, none or select which Descriptive Statistics Options
statistics to show on the histogram. @ Yes(M)  (No [ Select/Change Which to Include

e Options for the labels on the classes or bars
(none, number, percent or both).

Label Options for Classes

" None " Percentin Class

{* Number in Class " Number & Percentin Class

Cancel

Tltles, Roundlng’ Dates Histogram Titles, Dates and Rounding X
e Enter title and axis labels. ristogram Tt | stogranl
e Enter dates of data collection (optional). Y-aws Label: | Frequency
e Control rounding for descriptive statistics by X-Axis Label: | Measurement
entering the number of digits to right of Erm e nGr wim
Start: | End: |

decimal.

Mumber of Digits to Right of Dedmal: i

11



Specs, Nominal, Distribution

e Enter the specifications and nominal (all
optional).

e Options for distributions (none, normal, non-
normal).

e If non-normal is selected, a list of
distributions is provided in the drop-down
box.

Classes, Minimum
e Change the number of classes (bars).
e Enter the class width and/or lower class
boundary.

Specs, Neminal and Distribution Options

LsL: Nominal: UsL:

Distribution Options

" None " Normal {*" Non-Mormal

Select Distribution

Gamma - Enter
J Parameters

[ Save Non-Normal Distribution Fit for Chart Updating

Histogram Options hat

or Enter One or Both of:

|

I Enter dass width:
™ Enter lower dass boundary:

Mote: The actual number of dasses may be ane more or
one less than the number you enter based on rounding.

If you select the option to enter the dass width andor the

lower dass boundary and leave one of the two blank, the
program will automatically determine the other value.

Cancel

The histogram below is an example that has a USL added as well as a normal curve.

H Descriptive Statistics
Batch Conversion P,
Standard Error=0.2
25 4 Median=70
Standard Deviation=2
22 USL=80 Variance=4
—_— Sum=7001.5
20 Count=100
20 4 | Maximum=75.5
' Minimum=65.5
Range=10
Kurtosis=0.2932
6 Skewness=0.2455
S 15 1 14
9]
c
[
3
o
o
* 10 -
8
6
5 - 4
— 3
0 / ‘
62 64 66 68 70 72 74 76 78 80 82
Measurement

To update a histogram, add new data below the existing data and select “Update Chart” from the

Updating/Options panel on the SPC of Excel ribbon.
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Histogram Links

Histogram Help Links:

e Basic Histogram
e Multiple Histogram

e Group Histogram
e Video highlighting using histograms in SPC for Excel

SPC Knowledge Base Links About Histograms

e SPC Knowledge Base Article: Histograms — Part 1
e SPC Knowledge Base Article: Histograms — Part 2

(3

I i
-
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https://www.spcforexcel.com/help/histogram/basic
https://www.spcforexcel.com/help/histogram/multiple
https://www.spcforexcel.com/help/histogram/group
https://www.spcforexcel.com/spc-for-excel/histograms
https://www.spcforexcel.com/knowledge/bar-charts/histograms-part-1
https://www.spcforexcel.com/knowledge/bar-charts/histograms-part-2
https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html

Control Charts

A control chart displays the variation in a variable over time. A control chart will tell you if the process is in
statistical control, meaning that only common causes of variation are present in the process. Common causes of
variation are the natural variation in the process. A control chart will be out of statistical control if special
causes are present in the process — things that are not supposed to be there and need to be addressed.

A variable (such as daily downtime or a part measurement) is plotted over time. An average is calculated and
added to the chart. The control limits are then added. The upper control limit (UCL) is the largest value you
would expect if you just have common causes present in the process. The lower control limit (LCL) is the
smallest value you would expect if you just have common causes present in the process. As long as there are no
points beyond the control limits and there are no patterns in the data, then the process is said to be in statistical

control.

Data Entry

SPC for Excel has over 25 different control chart options. There are attribute control charts as well as variable
control charts. The data entry is very similar for all the charts. There are usually two data ranges that are
required for a control chart: the subgroup/sample identifiers and the data. The data can be anywhere in a
worksheet and can be in columns or rows. For example, suppose you are measuring a contaminant in a stream
each day. The data entry for an individuals (X-mR) chart is shown below.

Sample identifiers entered in - ——_

column K.

The software uses these to
identify each sample, define
control limits, split control limits,
remove points from calculations,
etc.

K
Day
Number

- R N )

L

Contaminant
{(ppm)

11.4

9.4
12.5
14.6
14.4
13.2

Data: individuals results entered in
column L

Suppose you are measuring bag weights and take four bag weights at the start of each hour. The data entry for

the X-R chart is shown below.

A

B

Subgroup identifiersin —— . Subgroup g4

1

column A. 1

L=1 IR R S R N

2
3
a
3

Number

50.54
50.27
50.47
49.86
49.62

C
Bag 2

50.09
49.36
50.13
50.19
49.39

D
Bag 3

49.50
50.18
49.71
30.35
a0.12

£

Bag 4 ¢ Datain columnsBto E fora

50.39
50.70
49.59
49.87
20.19

subgroup size of 4.

14



Individuals Control Chart

Example: A contaminant in an output stream is being tracked daily. A sample of the stream is taken and the

contaminant content (ppm) is measured.

1.

10.

11.

Enter the sample identifiers and data into | A B
the worksheet. 4 Day  Contaminant
/’///”W Number (ppm)
Select the first cell containing the title or 2 1 114
data. 3 2 9.4
4 3 12.5
5 a 14.6
6 5 14.4
Select “Variable” from the Control Charts £ Attribute
panel on the SPC for Excel ribbon (third = == Variable
panel from the left). A Actions
Control Charts
Select “Individuals Charts.” Variable Control Charts x
Type of Chart
Select “X-mR Chart.” — T i
A mR. Chart
(* Individuals Charts Table X-mR.
Table X
" BetweenWithin Charts ;:‘:.Rci:?{t
Levey-Jennings Chart
£ Time Weighted Charts on-blormal X-mi Chart
" Multivariate Charts
Help Cancel
Ensure that the ranges for the samK
. . pe Ranges
identifiers and the data are correct. . N rra—— e
ample Identifiers: SAS2:5A821 - Data: $852:88521 -

Chart Input

lame o art: W
Enter the name of the chart (e.g,, ———————— "oreoro=s | conennnt

. Sample Identifiers & Data Automatic Updating of Limits?

Contaminant). ¥ 1 One Column Gree  Cho

" InOne Row
Option to update limits with new data or Options Hide Optons
not to update limits with new data Out of Contrl Cortrol Lt it and ‘

Tests Options Formats —
Manual Control Chart Location BD;(D-CD)( Ty
. Limits Transformation

Select any options you want to change.

% Conce

Select “OK.”

Questions? Select “Help.

15



X Chart
22 <« Outof control points are in red.

20+ UCL=20.2 === -

. i
LN A
ARV E=ZVA=Va

Sample Result
=
N

2 T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1
Sample Number

7 18 19 20

mR Chart
12

10

Moving Range
[e)]
L

‘1 a\
- Avg=3.2 /\

Estimated value of the standard

T deviation is given here.
6 17 18 19 20

0 T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1
Sample Number

Est. Sigma=2.8

Options for Control Charts

Each control chart has numerous options that are listed on the
Ranges

input form on the previous page. The options vary by control
Sample Identifiers: SAS2:8AS21 - Data: $8§2:88521 -
chart, but most are very similar. When a control chart is first Chart Input

made, the options will be hidden. To unhide the options, select Name of Chart: | testmmm

. Sample Identifiers & Data Automatic Updating of Limits?
the Show Options button. ¥ 1n One Columm Gve O ho
" In One Row

The options for the individuals control chart are given below. Options

16



Out of Control Tests

Select which out of control tests to
apply.

Select the number of points to
include (k).

Plot the 1 and 2 sigma lines.

Show reason for out of control
point on chart

Set the selected tests as defaults.
Reset tests to program defaults
(shown to the right).

Control Limit Options

Change number of sigma limits.
Add additional lines on the X chart.
Set target for the average.

Check for trends.

Add specs (individuals chart only).

Titles and Formats

Enter titles and axis labels.

Allow values below 0.

Print average and limits on chart or
in chart title.

Dates of data collection.

Rounding to use.

Plot only last k points.

Manual Control Limits

Enter average and sigma (used in
place of the calculated values).
Enter X chart average and control
limits.

Add two additional lines on X chart
(above and below average).

Enter mR chart average and control
limits.

Chart Location

On new chart sheet.

As chart objects on the current
worksheet.

As chart objects on new worksheet
(size based on window size).

Tests for Out of Control Points

Set Selected Tests

as Defaults [+ Paint beyond the control limits

I k points in a row trending up or down

Reset Tests to
Program Defaults I kout ofk +1 points in Zone A or beyond®

B

I kout of k+1 points in Zone B or beyond*

Show reasen for out
I~ of control point on

chart
[ Mixture Test: k paints in a row with none in Zone C*
Plot 1and 2 Sigma I stratification Test: k points in a row within Zone C*
[~ Lines { for zone
tests)

I” Overcontrol: k points in a row alternating up/ down

*These apply to
¥bar or X chart only

I k Points in a row in Zone C or beyond {one side of avg.

)

4

Cancel

£ S99

Base Control Limits on +(- | 3 Sigma
Additional Lines for X Chart at Sigma and Sigma
Target for Average: [ Check for Trends

Spedifications: LsL: UsL:

Sigma is estimated from the moving range withn = 2

X Chart Title & Y Axis Label: Print Average,Limits:

Title: | X Chart
& On Ava. and Limits

Y-Axis Label: | Sample Result
P € In Chart Title

mR Chart Title & Y Axis Label: Dates of Data Callection

Title: | mR Chart Start:
Y-Axis Label: | Maving Range End:

Rounding to Use for Average
and Limits on Chart:

X-Axis Label: | Sample Number

Note: The X axis label on the mR chart is the
same as the X chart. I Show Last K Points Only:

Allow Values Below 07
Cve o

—

,_
Cancel

Enter Average and Sigma ™ Enter X Chart Limits [~ Enter mR Chart Limits

Average: ueL:
Sons Center Line:

Program uses these values if LCL:
present for the average (or

median) and sigma instead of Additional Lines for X Chart
the calculated values. N
First Secand

I

UCL:

Center Line:

LCL:

11

" Charts on Separats Chart Sheets
(" Chart Objects on This Waorksheet

(% Chart Objects in New Worksheet

11

Cancel




Box-Cox Transformation

e Perform Box-Cox transformation.

e Use optimal or rounded lambda.
e Enteralambda.
e Calculate for each split limit.

Process Capability
e Linked to control chart; updates
when control chart is updated.
e Add specifications (only one
required) and nominal.
e Options — see process capability
section of this guide.

Updating a Control Chart with New Data

I Use Box-Cox to Transform the Data

Options for Lambda

" Find optimal lambda between: to
" Find rounded lambda between: to
{" Enter alambda between -5 and 5
I Calculate lambda for each split limit
[¥ Incude Proces Capability Analysis with this Control Chart
Name of Chart: |
Specifications
Lst: | Naminal: UsLs
Capability Results Table
Plot & Sigma Opts, Titles, Labels,
Conf. Limits Target © Yes & No

Classes, Minimum Cpk Statistics Cancel

To update a control chart with new data, simply add the data to the worksheet containing the original data. The
software uses the sample/subgroup identifier range to find the new data. After entering the new data, do the

following:

1.  Select “Update Charts” from the
Updating/Options panel on the SPC for Excel
ribbon (fifth panel from the left).

2.  Select the name of the chart you want to

update.

3. You have the option to update all chartsin ———— - e A1 s

the workbook.

4.  Select “OK” and the chart will update with

the new data.

5. Have questions? Select “Help.”

Changing Options for a Control Chart

3 Update Charts
¥ Options

Updating/Options

Charts to Update X

‘You may select one ar
multiple charts to udpate.

= ite All Charts
button below to updat
charts in the workbook.

Test

Returns
contaminant 1
Contaminant

cont sep

Help oK Cancel
—»
|

You can make changes to the options for an existing control chart. For example, you might want to change the
out of control tests used or include a Box-Cox transformation. When you change the options on a control chart,
the original input form is shown again. There are some options that cannot be changed. These will be grayed
out in the input form. Options that cannot be changed include the name the chart and whether the data are in
rows or columns. To change the options on a control chart, do the following:
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1.  Select “Options” from the Updating/Options 4 Update Charts

panel on the SPC for Excel ribbon (fifthpanel\b 3 Options
from the left).

Updating/Options

2.  Select the name of the chart you want to chartte Chinge Options *
up . options.

3.  Select “OK.”

4. Have questions? SeIect”Help."\ cance

Test

Returns
contaminant 1
Contaminant

cont sep

5. The original input form is shown. e central Chart x
Ranges
Sample Identifiers: SAS2:8A821 o Data: $B£2:48821 o
6. Options can be changed here. X\’
-
Sample Identifiers & Dats Automatic Updating of Limits?
= {* Yes  No

Options " Hide Options |

Out of Control
Tests

Control Limit
Options

Titles and
Formats

Box-Cox

Process
Capability
Transformation

Help oK Cancel

Manual Contral

Limits Chart Location

Editing an Existing Control Chart
There are numerous edits you can make to an existing control chart including, but not limited to:

e Change the titles and axis labels on the

My New Titl

chart. 2 ms m—-——
e Change the size of the lines/markers. 20 | ' A ]
e Change the color scheme for the chart area s |

and/or plot area. / \ /
e Add text boxes. 7

I =

N S
| I

z

o3
1l

-

N

L‘)
»
—
[

You can do any edit on the control chart you want,
and they will be maintained. One thing that
cannot be changed is the color of the out of control

~
It

<
«
<

points. They will always be red. 6

s
Some examples of changes are shown in the chart e —
to the rlght 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

My New X Label
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Actions on Existing Control Charts

There are a number of actions that you can take on an existing control chart including splitting control limits,
adding comments, removing points from the calculations, etc.

Select “Actions” from the Control Charts panel on == Attribute

the SPC for Excel ribbon (third panel from the Ieft).\ #= Variable
/’iﬁ\ctinn:

Control Charts

The “Control Chart Actions” form is shown.

Control Chart Actions X

Single Point Actions Multiple Point Actions

Split Limits /Remove Points/Start Chart
; . ¢ Remove all points beyond the control limits
™ split/Remove split control limits at this point § from the calculations

. REImDIVPT from/fAdd back this point to the ¢~ Add back all paints beyond the control limits to
caleulations the calculations

Add or Remove Comments ¢~ Select subgroup (sample) range on which to

" Add or replace comment for this point base average and control limits

¢~ Select the subgroup (sample) identifier at
which to start the chart

" Delete existing comment for this point

Worksheet Actions
Chart Actions

Axis/Size Reset " Make subgroups from single column

" Resize charts to fit sceen

" Reset char P value axs For Single Point Actions: select a single point on a chart.

Far Multiple Point Actions and Chart Actions: select a chart.

For Worksheet Actions: start on worksheet

Help Cancel

Actions are divided into four categories:

1.  Single point actions: actions that take place at single point; for example, removing a point from the
calculations.

2.  Chart actions: actions that take place on the entire chart; for example, resizing the chart.

3. Multiple point actions: actions that take place on more than one point; for example, removing all out of
control points.

4.  Worksheet actions: actions that take place on a worksheet; for example, making subgroups from a single
column of data.

The first three start with a finished control chart; the last one is from a worksheet.

Splitting Control Limits

Control limits can be split on a control chart to show process improvements. There can be more than one set of
split control limits on the same chart. Select the chart where you want to split control limits and decide at which
point you want to split the control limits.
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X Chart
42

40 -UCL=40.1 A
=1 A

/NS

1. You want to split the control 32 ]
limits at this point. 30 1

x Avg=28.8

26 A

R VANY.VA
VY

20 | T Y

icL=17.4

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Sample Number

2. Select the point; this is two-
step process in Excel; first
select the series and then the

point.
m 11 12 13 14 15
3.  Select “Actions” from the = Attribute
Control Charts panel on the \ = Variable
SPC for Excel ribbon (third A Actions
panel from the left). Contral Charts
4.  Select “Split/Remove split Control Chart Actions

Single Point Actions
Split Limits/Remove Points/Start Chart

control limits at this point.”

&+ Split/Remave spit control limits at this peint:

¢~ Remove from/Add back this paint to the

5. Select “OK” and the control e
chart is updated with split st o aemave ot _
Add or replace comment for this paint
control limits.

" Delete existing comment for this point

X Chart
45 LucL=48.8- oo
40 | /\
35 :Avg=35.z\/ \\\//
- L e
30 |

NN

15 -

10 T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Sample Number

You can remove the split control limits, select the point where the limits are split and repeat the previous steps.
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Removing Points from the Calculations

You can add or remove points from the calculations when necessary to omit errant data. For example, if you
know the reason for the out of control point, you can remove it from the calculations using the following steps:
Note: The procedure is essentially the same as splitting control limits.

1.  Select the point you want to remove from the calculations.
2.  Select “Actions” from the Control Charts panel on the SPC for Excel ribbon (third panel from the left).
3. Select “Remove from/Add back this point to the calculations” and then OK.

Control Chart Actions

Single Point Actions
Split Limits/Remove Points/Start Chart

" split/Remove spiit control limits at this point

= ;Remove from/Add back this point to the
icaloulations

Add or Remove Comments

(" Add or replace comment for this point

" Delete existing comment for this point

The chart is updated without the point included in the calculations; the average and control limits will change to
reflect the absence of this point.

A point that is included in the calculations is formatted differently than one that is omitted.
A point that is included in the calculation has the >
marker filled with a color (red if out of control,

blue if in control).

not have any color within the marker.

A point that is not included in the calculations doeS/ ﬂ

To add a point back to the calculations, select the point and repeat the previous steps.
Adding Comments
You can add/remove comments on a control chart.

1. Select the point to which you want to add a comment.
2.  Select “Actions” from the Control Charts panel on the SPC for Excel ribbon (third panel from the left).
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3.  Select “Add or replace comment for this point”.

Control Chart Actions
Single Point Actions
Split Limits/Remove Points/Start Chart

" split/Remove split control limits at this point

¢~ Remove fromfAdd back this peint to the
calculations

Add or Remove Comments

&+ Add or replace comment for this point

e comment]

/ (" Delete existing comment for this point

4. Enter the comment and select “OK.”

The chart is updated with the comment by the point. The comment remains with the point even when the chart
is updated with new data.

To delete an existing comment, repeat the previous steps except select “Delete existing comment for this
point.” Deleting a comment from the chart itself will not remove it once the chart is updated. You have to go
back and perform these steps.

Remove All Points Beyond the Control Limits from the Calculations

Use the following steps to remove all the points beyond the control limits from the calculations. This may
generate new out of control points.

Go to the sheet containing the chart and select the chart.

Select “Actions” from the Control Charts panel in the SPC for Excel ribbon (third panel from the left).
Select “Remove all points beyond the control limits from the calculations.”

Select “OK.”

N =

Add Back All Points Beyond the Control Limits to the Calculations

Perform the following steps to add all points beyond the control limits to the calculations. The control chart will
be updated with all points added back to the calculations.

Go to the sheet containing the chart and select the chart.

Select “Actions” from the Control Charts panel in the SPC for Excel ribbon (third panel from the left).
Select “Add back all points beyond the control limits to the calculations.”

Select “OK.”

Hwon =

Actions on Control Charts Links:

e Control Chart Actions @

23


https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/help/control-chart/actions

Type of Control Chart Links

The software has help for each of the over 25 types of control charts. The help is available as you run the
software by selecting the blue “Help” button in the bottom left-hand corner of the initial dialog boxes. The
various types of control charts and their help links are also listed below.

You can watch a video highlighting control charts in SPC for Excel at this link.
Attribute Control Charts

Selecting “Attributes” from the Control Charts panel in the SPC for Excel ribbon will bring up the attribute
control charts available. Select this link to go to the help page for the attribute charts and to access the various
attribute charts: p chart, Laney p chart, np chart, c chart, u chart, Laney u chart and g chart.

Attribute Control Charts X @

Select Type of Chart

o Chart! " Laney p Chart
" np Chart " cChart

" uChart " Laney u Chart
" g Chart

Help | Ok | Cancel

SPC Knowledge Base Links to Attribute Control Charts:

e p Control Charts
e ¢ Control Charts

e np Control Charts Q

u Control Charts - = 2
g Control Chart
Small Sample Case for p and np Control Charts

Small Sample Case for c and u Control Charts
e Attribute Control Charts Overview

Variable Control Charts

Selecting “Variables” from the Control Charts panel in the SPC for Excel ribbon will bring up the variable control
charts available in the software. These are divided as follows:

e Subgroup Chart

e Individuals Charts

e Between/Within Charts
e Time Weighted Charts
e  Multivariate Charts
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https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/spc-for-excel/control-charts
https://www.spcforexcel.com/help/control-chart/attribute
https://www.spcforexcel.com/knowledge/attribute-control-charts/p-control-charts
https://www.spcforexcel.com/knowledge/attribute-control-charts/c-control-charts
https://www.spcforexcel.com/knowledge/attribute-control-charts/np-control-charts
https://www.spcforexcel.com/knowledge/attribute-control-charts/u-control-charts
https://www.spcforexcel.com/knowledge/attribute-control-charts/g-control-chart
https://www.spcforexcel.com/knowledge/attribute-control-charts/small-sample-case-for-p-and-np-control-charts
https://www.spcforexcel.com/knowledge/attribute-control-charts/small-sample-case-for-c-and-u-control-charts
https://www.spcforexcel.com/knowledge/attribute-control-charts/attribute-control-charts-overview
https://www.spcforexcel.com/spc-knowledge-base

Subgroup Charts

The subgroup charts available are shown below. Select this link to go the help page for the subgroup charts and

to access the help page for each chart.

Variable Control Charts

— Type of Chart

" Individuals Charts

" Between/Within Charts

” Time Weighted Charts

" Multivariate Charts

Help

¥bar-R Chart
¥bar-s Chart
¥bar Chart

R Chart

5 Chart
Median-R Chart
Median Chart

cove |

SPC Knowledge Base Links About Control Charts with Subgroups:

e Xbar-R Charts - Part 1

e Xbar-R Charts - Part 2

e Chunky Data and Control Charts

e  Xbar-s Control Charts - Part 1

e Xbar-s Control Charts - Part 2

e Rational Subgrouping and Xbar-R Charts

e Rational Subgrouping and Xbar-R Charts - Part 2

e SPC, Rational Subgrouping and Golf
e SPC and Rational Subgrouping

Individuals Charts

The individual charts available are shown below. Select this link to go to the help page for the individuals chart

and to access the helps pages for each of the charts.

Variable Control Charts

~ Subgroup Charts
{* Individuals Charts
~ Between/Within Charts
" Time Weighted Charts

" Multivariate Charts

— TypeofChart —————

Help |

X Chart
mR. Chart

Table X-mR.

Table X

z-mR. Chart

Run Chart
Levey-Jennings Chart
Non-Hormal X-mR Chart
Non-Marmal X Chart

Cancel |

SPC Knowledge Base Links to Individual Control Charts:

e Individual Control Charts
e Chunky Data and Control Charts
e Rare Events and X-mR Charts



https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/help/control-chart/variable/subgroup
https://www.spcforexcel.com/knowledge/variable-control-charts/xbar-r-charts-part-1
https://www.spcforexcel.com/knowledge/variable-control-charts/xbar-r-charts-part-2
https://www.spcforexcel.com/knowledge/variable-control-charts/chunky-data-and-control-charts
https://www.spcforexcel.com/knowledge/variable-control-charts/xbar-s-control-charts-part-1
https://www.spcforexcel.com/knowledge/variable-control-charts/xbar-s-control-charts-part-2
https://www.spcforexcel.com/knowledge/rational-subgrouping/rational-subgrouping-and-xbar-r-charts
https://www.spcforexcel.com/knowledge/rational-subgrouping/rational-subgrouping-and-xbar-r-charts-part-2
https://www.spcforexcel.com/knowledge/rational-subgrouping/spc-rational-subgrouping-and-golf
https://www.spcforexcel.com/knowledge/rational-subgrouping/spc-and-rational-subgrouping
https://www.spcforexcel.com/help/control-chart/variable/individual
https://www.spcforexcel.com/knowledge/variable-control-charts/individuals-control-charts
https://www.spcforexcel.com/knowledge/variable-control-charts/chunky-data-and-control-charts
https://www.spcforexcel.com/knowledge/variable-control-charts/rare-events-and-x-mr-charts
https://www.spcforexcel.com/spc-knowledge-base

e Control Charts and Non-Normal Data

e Comparing Individuals Charts to-Attributes Charts
e z-mR Control Charts for Short Production Runs

e Trend Control Charts and Global Warming

e LeveyJennings Charts

Between/Within Charts

There are two between/within charts. Select this link to go to the help page for between/within charts and to

access the help pages for each chart. )

Variable Control Charts X

— Type of Chart

" Subgroup Charts X-mR-R Chart
boros X-mR-5 Chart

" Individuals Charts

£~ Time Weighted Charts

" Multivariate Charts

Help | Cancel |

SPC Knowledge Base Link About Between/Within Control Charts:

{
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e X-—mR-R (Between/Within) Control Chart h

=
i

Time Weighted Charts

There are three time-weighted charts available. Select this link below to go to the time-weighted control charts
page and to access the help page for each chart.

— Type of Chart

" Subgroup Charts Maving Average,Moving Range C
EWMA Chart
CUSUM Chart
" Individuals Charts

" Between/Within Charts
' Time Weighted Charts

" Multivariate Charts

Help Cancel |

SPC Knowledge Base Links about Time Weighted Control Charts:

e Keeping the Process on Target: CUSUM Charts
e Keeping the Process on Target: EWMA Charts

i‘\’ &
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Multivariate Charts

The T? chart is the multivariate control chart that is available.

Select this link for help on the T2 chart.

Variable Control Charts
— Type®
” Subgroup Charts
" Individuals Charts
" Between/Within Charts
" Time Weighted Charts

% Multivariate Charts

Help |

T2 Chart

e |
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Process Capability

Process capability is a measure of how well your process meets specifications. Cpk is the value most used to
represent process capability. Cpk is the minimum of the capability based on the upper specification, Cpu, and
the capability based on the lower specification, Cpl. Cpu and Cpl represent how far the upper and lower
specification limits are from the average in terms of 3 sigma. The standard deviation used in the calculation of
Cpk is estimated from a range control chart.

Ppk is another value used to represent process capability. The formulas for the Ppk, Ppu, and Ppl are the same
as for Cpk except that the calculated standard deviation is used in the formulas instead of the estimated
standard deviation from a range chart.

The SPC for Excel software has three different options for process capability analysis:

e Cpk: creates a histogram, overlays the specifications, adds normal distribution, and Jl Cpk

provides the process capability statistics (Cpk, Ppk, sigma level, etc.). i Muttiple Cplk
e  Multiple Cpk: creates multiple Cpk charts at one time from a table of data. ' Non-MNormal Ppk
e Non-normal Ppk: creates a histogram, overlays the specifications, adds a distribution Process Capability

(e.g., gamma), and provides the process capability statistics (e.g., Ppk, Ppu, etc.).

Cpk — Process Capability Analysis

Example: An engineer is monitoring a process characteristic, X, by taking hourly samples. He has taken samples
for 30 hours and wants to determine the process capability of the process. The nominal value is 100; the lower
specification limit (LSL) is 70; the upper specification limit (USL) is 130.

1. Enter the data into the worksheet;itcanbe __—— &

in column or rows. 109.3

58
113.6
113.5
84.9

2. Select the first cell containing the title or
data.

>

3. Select “Cpk” from the Process Capability — % L. cpk

panel on the SPC for Excel ribbon (the fourth S0 Muttiple Cpk
panel from the left). J\, Non-Normal Ppk

Process Capability
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Ensure that data range is correct.
Enter a name for the chart.

Select “Yes” or “No” to add a capability
results table to summarize all capability
results in the workbook.

Change options if desired. \

Select “OK.

Questions? Select “Help.”

N‘:

Process Capability

Data: | SAS2:5AS31

Chart Input

Marm it ‘ Cpk X

Spedifications

.

L Nominal [ 100 ust | 130]

Data in: Capability Results Table
¥ Columns " Rows " Yes = Mo
Options Hide Options
Flot & Sigma Opts, Titles, Dates, .
Conf. Limits Target TrsEnier=
Histcrical_ Values, Transform Data Classes, Minimum
Qutliers

14

12

LSL=70 Nom=100

10

Capability Analysis

Frequency

N Ppk=0.83

Within Variation:
(solid line)

Cp=0.81

Cpk=0.76

Cpu=0.76

Cpl=0.86

Est. Sigma(o0)=12.37
PPM>USL=11442.53
PPM<LSL=5037.15
Total PPM=16479.68
Sigma Level=2.275

USL=130

Overall Variation:
(dashed line)
Pp=0.89

\ Ppu=0.83

Ppl=0.94

Sigma(s)=11.27

\ PPM>USL=6227.26

A PPM<LSL=2355.18
N\ Total PPM=8582.44

] Sigma Level=2.499

N\ Average=101.8
\ Count=30
) No. Out of Spec=1 (3.33%)

60 80 100

Measurement

120

Options for Process Capability (Cpk)

There are options that you can select for the process capability,

either as it is being first made or after it has been created.

When the process capability chart is started, the options will be
hidden. To unhide the options, select the Show Options button.

The various options available are shown as follows.

Plot & Sigma Opts, Tides, Dates, 2
Conf. Limits Target Cpk Statis¥cs
Hestorical Yalues,
Outhers Transform Data Classes, Minimum

_ | (o] omm]
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Plot & Sigma Opts, Conf. Limits

e Options to plot normal curve based on
estimated/calculated sigma.

e Options to include +/- 3 sigma lines.

e Option to plot average.

e Option to shade histogram.

Cpk Chart Options

Normal Curve Options

Plot Normal Curve Based on:

W Esti

¥ Calculated Sigma

Plot Average?
" Yes

& No

™ Incude +/- 3 Sigma Lines
™ Incude +/- 3 Sigma Lines
Shade Histogram?
& Yes

 No

e Include confidence limit option.
e Method of estimating sigma.

Titles, Dates, Target
e Enter chart title and axis labels.
e Enter dates of data collection (optional).
e Enter target value (generates a value of
Cpm).

Cpk Statistics
e Options toinclude all, some or none of the
Cpk statistics.

Historical Values/Outliers
e Option to use historical average and/or sigma
value for the average and estimated sigma
from a range chart.
e Option to remove outliers.

I Confidence Limits for Cpk and Ppk

For subgroups, estimate sigma using:

" Pooled Variance
(% average Subgroup Range

" Average Subgroup Standard Deviation

For individual values, standard deviation is estimated

from maving range = 2.

Confidence Limit
Cptions

Cpk Chart Options X
Chart Title: | Capability Analysis|

¥-Axis Label: | Frequency

¥-Axis Label: | Measurement

Dates of Data Collection

Start:
End:

Target:

Select Statistics to Include

Within Variation Between Variation

W cp W pp

¥ cpic W pok

¥ cpu ¥ pou

¥ cpl W ppl

[ Estimated Sigma ¥ sigma (s)
[v PPM=USL [v PPM=USL
[¥ PPM< LSL [¥ PPM< LSL
v Total PPM Iv Total PPM

[¥ sigma Level ¥ sigma Level

Historical Average and Sigma, Outliers

Enter Historical Average and Sigma

Average:
Sigma:

Cancel

V¥ Average
¥ Count

¥ Mo. Out of Spec

Set as Default

[V Check All or Uncheck All

Cancel

Program uses these values if present for the average
and sigma instead of the calculated average and

estimated sigma from the range chart.

Remove Outliers?

Beyond +/- Sigma
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Data Transformation

Options to transform the data using Box-Cox

(shown to the right) or Johnson
transformations.

Classes, Minimum

Change the number of classes (bars).
Enter the class width and/or lower-class
boundary.

Process Capability Links

Process Capability Help Links:

SPC Knowledge Base Links About Process Capability:

Cpk
Multiple Cpk

Non-Normal Ppk

Video highlighting process capability (Cpk) in SPC for Excel

Data Transformation *

[V Transform the Data

— Select formation

" Johnson

— Box-Cox Options

% Run Transformation Now

Lambda to Use
' Rounded Lambda
¢~ Optimum Lambda
" Enter Lambda:
™ save Transformation for Chart Updating Cancel

Histogram Options hat

I Enter number of dasses: | [

or Enter One or Both of:
™ Enter dass width:

I~ Enter lower dlass boundary:

Mote: The actual number of dasses may be ane more or
one less than the number you enter based on rounding.

If you select the option to enter the dass width andor the

lower dass boundary and leave one of the twao blank, the
program will automatically determine the other value.

Video highlighting non-normal process capability in SPC for Excel

Process Capability - Part 1

Process Capability - Part 2

Process Capability - Part 3

Cpk Improvement Methodology

An Interactive Look at Process Capability
Cpk Alone is Not Sufficient

Cpk vs Ppk: Who Wins

Process Capability and Non-Normal Data
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Updating Charts/Changing Options

Existing charts can be easily updated with new data. Options on existing charts can also be changed. This
applies to the following charts:

e Pareto charts

e Histograms

e Control Charts

e Process Capability Charts
e Scatter Diagrams

e Waterfall Charts

These two features are accessed by selecting the “Updating/Options” panel in the SPC for € Update Charts
Excel ribbon (the fifth panel from the left). + Options
If the “Update Charts” option is selected, the software will find new data that has been Updating/Options

added to the end of the data used in the chart. The chart will then be updated.

If “Options” is selected, the initial input form will be shown. Options can then be changed, and the chart then
redrawn. New data, if present, are not added if “Options” is selected.

Help Links for updating/changing options

e Updating/Changing Options @
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Scatter Diagrams

A scatter diagram is used to show the relationship between two kinds of data. It could be the relationship

between a cause and an effect or between one cause and another.

Example: An engineer wants to see if there is a correlation between ambient temperature and steam usage in a

plant.

The scatter diagram is shown below. The best fit equation and statistics are in the lower right corner on the

chart.

Enter the data into an Excel worksheet. Sample Temperature Steam Usage
3 (%) ()
4 35.3 10.98
5 2 29.7 11.13
6 3 30.8 12.51
Select the X and Y values. ; R g o4
8 5 61.4 9.27

Select “Scatter” from the Cause and Effect __ % | Scatter

panel on the SPC for Excel ribbon (sixth panel #¥ Fishbone

from the |eft) ¥ Regression
Cause and Effect

Ensure that ranges for X and Y values are seetter Diagrem

\Rﬂnges
correct.

¥ Values: $854:68%18 -

vvases: [ o L
Enter the name of the chart. Chart Input

Data in:
Mame of Chart: | Stean]| @ Coumns (" Rows
Change options if desired. \Wms bice Opions

Titles, Dates ‘ Labels ‘ Trends/Equation

Select “OK.”

. « »” /
Questions? Select “Help.

Steam

Steam Usage (Y)

25 30 35 40 45 50 55 60 65 70 75 80
Temperature (X)
y=-0.087x+14.1, R = 0.753, F = 39.53, p Value = < 0.01
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Options for Scatter Diagrams

The scatter diagram options are shown on the form above (select Show Options if they are not visible). The

options are described below.

Titles, Dates
e Enter the chart title and axis labels.

e Enter the dates of data collection (optional).

Labels

e Option to add labels to points on the scatter

diagrams.

e Enter the worksheet range and label position.

Trends/Equations
e Options to fit intercept, display best fit
equation and R squared.

e Options to select trend (linear is default).

Scatter Diagram Links
Scatter Diagram Help Links:

e Scatter Diagrams

e Video on how to make a scatter diagram using SPC for Excel

Scatter Diagram Input X

Scatter Diagram Title: | Scatter Diagram

Y-Axis Label: | Steam Usage (Y)

X-Axis Label: | Temperature (X)

Dates of Data Collection

Start: End: |

Scatter Diagram Options X

Add Labels to Points?

Point Label Range: -
Label Position: Abave hd

& Yes " No

Scatter Diagram Options x

[™ Intercept= 0
[ Display best fit linear equation
[V Display statistics (R2)

Select Trend

Logarithmic
Polynomial

Power ,—
Exponential :‘

SPC Knowledge Base Link About Scatter Diagrams:

e Scatter Diagrams
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Fishbone (Cause and Effect) Diagrams

A cause and effect diagram is a tool that shows the relationship between an effect and possible sources of
variation for this effect (causes). The effect could be a problem that needs to be solved. The causes of the
problem would then be listed on the cause and effect diagram. The causes are most commonly categorized as
machines, methods, environment, materials, measurement, and people. You can pick your own categories.

Example: You want to brainstorm the reasons for late deliveries and decide to use a fishbone diagram to do this.

Select “Fishbone” from the Cause and Effect panel on the SPC for Excel ribbon (sixth panel from the left). A new
worksheet containing a blank cause and effect diagram is added.

|_ Scatter

M Fishbone
=% Regression
Cause and Effect

P—— e Select “Add Item” to add an item

Dale Prepered by
Measurement People Environment add rtem / to the cha rt.

Add Sub term

Enter new item

Enter problem or
goal hare

e Enter the item and drag it under
the category you want to place it.

e Select “Add Sub Item” to add an
item under an existing item. This
item will be slanted at a 45-
degree angle.

Machines Methods Materials

e Enter the problem or goal.

Fishbone Diagram Links

Fishbone Diagram Help Links:

e Fishbone diagrams \0_&

e Video showing how to create a fishbone diagram with SPC for Excel

SPC Knowledge Base Links About Creating and Analyzing Fishbone Diagrams: -
e Creating Cause and Effect Diagrams g j |
e Analyzing Cause and Effect Diagrams ‘«-.,.
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Regression

Linear regression is used to mathematically define the relationship between variables. We often want to know
how the changes in one variable affect another variable. There is sometimes a linear relationship between

variables. Linear regression helps us define this relationship. The major objective is to determine if one variable

can be controlled by controlling other variable(s). Linear regression helps us build a model of the process.

There are two options for regression in SPC for Excel:

e  Multiple linear regression: used to build a model composed of several predictor variables (x) and one

response variable (y).

e Stepwise regression: an automated process that builds a regression model by going through a series of

Example: A distributor wants to know if delivery time is impacts by the number of cases delivered and the

steps of adding the most significant variable or removing the least significant variable.

distance (Introduction to Regression Linear Regression Analysis, Montgomery, Peck and Vining).

1.  Enter the data into a worksheet; it must be :f“(':‘;:: Distance Di'l'r‘;i”
columns with the variable names in the first 7 560 16.68
cell above the data. 3 20 1S

3 340 12.03
4 80 14.88
] 150 13.75

2. Select the data.

3.  Select “Regression” from the Cause and ' Scatter
Effect panel on the SPC for Excel ribbon (sixth _ - Fishbone
panel from the left). »" Regression

Cause and Effect
4.  Ensure that the Y range and X values range
MNote: First cell in ranges must contain the names of the variables,
i Correct. \ £.0., X1, X2, Y; data must be in columns
Enter range containing ¥ values: | SD$5:8DS31 -
. . . nter range containing X values: : -
5.  Select the regression or stepwise regressmn.\:"e oe cnfanna ke | Ssestst -
Select Type
% Regression (" Stepwise Regression

6.  Select “Options” to change default regression N

options. Options
. oK Cancel

7.  Select “OK” to generate the regression —»>
results.

8.  Questions? Select ”HeIp."/'
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Regression Output
There are four worksheets added to the workbook for the regression output:

e Data: contains the data used in the regression analysis.

e Summary: contains the regression model; the ANOVA table for the model; the predictor table with the
coefficients, standard error, t statistic, p value, VIF, and standardized coefficient; the regression statistics
(e.g., R squared); and the predict results calculator.

e Residuals: default residuals are the raw residuals, standardized residuals, internally studentized
residuals, and externally studentized residual; outliers are in red.

e Regression Charts: default charts are the normal probability plot for the residuals and the predicted
values versus observed values chart.

There is one additional worksheet added if the Stepwise Regression option was selected. This worksheet shows
what variables were added or removed with each loop.

Part of the Summary worksheet is shown below.

Regression Summary for Delivery Time
Regression Model

Delivery Time = 2.341 + 1.616{Number of Cases) + 0.0144{Distance)

ANOVA Table

df ss Ms F pvalue

Model 2 5550.8 2775.4 261.24 0.0000
Residual 22 233.7 10.62
Total 24 5784.5

Standard 95% 95% Stand.

Coeff. tStat pVvalue
Error Lower  Upper Coeff

Intercept 2.341 1.097 2.135 0.0442 0.0668 4.616
Number of Cases 1.616 0.171 9.464 0.0000 1.262 1.970 3.118 0.716
Distance 0.0144  0.00361 3.981 0.0006 0.00683 0.0219 3.118 0.301

For more information on the output, please see the help links below as well as the links to our SPC Knowledge
Base.

Revising a Regression

Select Option X
You can revise the regression output. There is a “Revise” button on the “Residuals”
worksheet.

" Additional Residual Charts
" Remove Observations
The options are to add additional residual charts, remove observations, remove
variables or transform Y values. The last three options generate a new regression
output after you have removed variables or observations or transformed variables.

" Remove Variables

" Transform Y Values

Regression Links

Regression Help Links:

e Regression @

e Stepwise Regression
e Video highlighting using regression in SPC for Excel

SPC Knowledge Base Links About Regression:

e Linear Regression - Part 1 Q
= S

e Linear Regression - Part 2

e Stepwise Regression
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Measurement Systems Analysis/Gage R&R

Measurement systems analysis is used to find out how “capable” a measurement system is. Is it capable enough
to tell the difference between parts/samples if the measurement system is being used for SPC or for process
control? Is it capable enough to tell if a part/sample is within specification or out of specification?

The SPC for Excel software has numerous measurement systems related techniques. The software features the
Evaluating the Measurement Process (EMP) techniques developed by Dr. Donald Wheeler. The EMP techniques
include the following:

e Consistency Study: the major use is to determine if the measurement system is consistent (in statistical
control) and determine the measurement system variability.

e Short EMP Study: major use is to determine the measurement system variability and how that compares
to the variation in the process.

e Basic EMP Study: major used is to analyze a crossed Gage R&R study where each operator runs multiple
parts multiple times.

The SPC for Excel software also includes the other measurement systems analysis techniques:

e Crossed — ANOVA: crossed Gage R&R study analyzed using the ANOVA method.

e Crossed — Average/Range Method: crossed Gage R&R study analyzed using AIAG method.

e Nested — ANOVA: nested Gage R&R study analyzed using the ANOVA method.

e Type 1 Gage Study

e Attribute: crossed Gage R&R study but part is pass/fail.

e Gage Linearity and Bias Study: design where results are compared to a standard and where a check is
made to see if there are problems with linearity in the measurement results.

Note: This guide focuses on how to setup a Gage R&R. There are extensive articles in the SPC Knowledge Base
to help you in setting up a Gage R&R study, running the Gage R&R, and interpreting the results.

Setting Up a Basic EMP Study

Example: You want to determine how capable one of your test methods is. You select 5 parts at random from
your process. You have three operators. Each operator will test each part three times.

To run a Gage R&R study, you have to setup a template first based on the number of operators, parts, and trials.
Once the results are entered into the template, the analysis can be run.

1. Select “MSA” from the Analysis panelinthe _ » 11]'1“; MSA, ¥ ANOM
SPC for Excel ribbon (seventh panel to the ‘0 poE % ANOX

left).
B3, AMNOVA

Analysis
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2.

Select “Basic EMP Study”.

Enter the number of operators. \ Basic EMP Study Setup X

Enter the number of parts.

Measuremnent Systerns Analysis X

" EMP

Consistency Study
Short EMP Study
e Basic EMP Study

" Gage R&R Studies

Crossed - ANOVA

Crossed - Average /Range Method
Mested - ANOVA

Type 1 Gage Study

Attribute

" Gage Linearity and Bias Study

Help

Cancel

> Mumber of Operators: 3

> Number of Parts: 5
—  Number of Trials: | 3]

Enter the number of trials.

. . . o /
Select Randomize Runs option if desired. L'DL’—» -
I ——— J

Select “OK”

You have the option to enter the operator
names. If you select “Yes”, you will get an
input box to enter each operator’s name. If
you select “No”, the operators will be named
Operator 1, Operator 2, etc.

A template is added as a new worksheet. The
top part of the template is information that
can be entered. Not all information is
required. There is a comment in each cell in
column A that explains the entry and if it is
required or not. For example, the date is not
required in this study, but the measurement
increment is. Fill in the top part of the
template and then fill in the results. There is
also a comment section (not shown here)

. » [ Randomize Runs

Enter Operator Mames?

% Do youwant to enter the operator names?
4 " Select Yes if you want to enter the names.
o Otherwise, select No and the program will use default names
(e.g., Operator 1)

Operator Mames ? X

Enter the name for Operator 1

|

Basic EMP Study Worksheet

Study:

Date:

Gage:

Characteristic:

Process Average:
Process Sigma:

usL:

LSL:

Measurement Increment:

4 4 4 4 4 4 4 4

|

Analyzed By:

Operators (3) A

Parts 5
Trials 3

-u
=
=

Run No. Operator Result

W e
P r P
Bow e
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10.  Select “MSA” from the Analysis panelinthe — @ MsA X ANOM
SPC for Excel ribbon (seventh panel from the ‘00 poE ¢ ANOX

left).
) S5a ANOVA
Analysis
11.  There are two report options: Detail Report
or Summary Report. The “Detail Report” Report Options X

gives all the output — charts, calculations,
explanation of results. The “Summary

" Summary Report

Report” primarily gives the charts and I~ Include Data Table
conclusions. You have the option to include a
data table. Selection your options and select cancel

“OK” to generate the results.

Options in the Measurement Systems Analysis Techniques

There are places to add the process sigma, process average, specifications, and measurement system increment
in the template worksheet. These will create different analysis results. For example, if you add the process
sigma and the specifications in an ANOVA Gage R&R analysis, then the analysis will compare the measurement
system variance to the process sigma and to the specifications in addition to the part variation. For EMP studies,
if you enter the measurement increment and the specifications, the analysis will determine how good your
measurement system increment is, what process capability your measurement system will work for, and the
manufacturing specifications.

In the template worksheet, there are comments that explain what the entry is used for. For example, for the
Basic EMP study, the comment associated with the measurement increment cell is:

usL:

Lt | required,

MeasuremelUsed to determine if
Analyzed By|Measurement increment is
adequate based on probable
error; used to determine
Operators (Jmanufacturing specs if specs are
entered

You can see that is required for the analysis and is used to see if the measurement increment is adequate and
determine manufacturing specification if the specifications are entered.

Measurement System Analysis Output

The output from a Gage R&R analysis depends on the technique and analysis method. The outputs are too
broad to cover in this guide, but there are articles in the SPC Knowledge Base that explain the results from the
different analysis methods in detail. Please see the links to the SPC Knowledge Base below.
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There are also detailed descriptions of the output from the MSA techniques in the folder SPC for Excel Example
Files/MSA Output Descriptions. This is part of the unzipped files.

Below are a few examples of the output: the ANOVA table, the variance components chart and the Main Effects

chart.

Source df
Part
Operatar
Operator®Part
Repeatability
Total

Gage Repeatability and Reproducibility ANOVA Method Report: test

Gage Name: Weight Characteristic: Weight Date: 08/14/16
Gage Number: 1002  Process Standard Deviation: 2 Performed by:
Gage Type: Variables usL: 4
Product: Widget LSL: -4

ANOVA Table with Interaction
S5 MS F p Value
4 28.91 7.227 889.458 0.000
2 1.630 0.815 100.322 0.000
0.0650 0.00813 0.142 0.996
30 1712 0.0571
32.32

300% -

250% |

200% -

R 150% -

100%

50%

0%

Gage R&R

248.2%

m % Contribution

m % Study Var

98.5%
99.3%

% Tolerance (SV/Tol)

Repeatability Reproducibility Part-to-Part

0.15 ¢
0.1

Main Effects Chart

\\ UCL=0.06

Avg=-0.06

-0.35

\ LCL=-0.17

Tom (0.157)

Bill (-0.02) Fred (-0.305)
Operator

Updating a Gage R&R Study

You may update a Gage R&R study if needed by replacing data or changing the information (like adding a
process sigma value). New sheets are added to the existing workbook to handle the output.
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Measurement System Analysis/Gage R&R Links
Help Links:

e EMP

o Consistency Study

o Short EMP Study

o Basic EMP Study
e Gage R&R Studies

o Crossed - ANOVA

o Crossed- Average/Range Method
o Nested - ANOVA
O
O

Type 1 Gage Study
Attribute
o Gage Linearity and Bias Study
e Video highlighting using MSA in SPC for Excel

SPC Knowledge Base Links About Measurement Systems Analysis/Gage R&R:

e Operational Definitions/Measurements Systems Analysis
e Monitoring Test Methods Using SPC

e Variables Measurement Systems - Part 1: Stability

e Variables Measurement Systems - Part 2: Bias

e Variables Measurement Systems - Part 3: Linearity

e Variables Measurement Systems - Part 4: Gage R&R

e Measurement Systems - Is Yours Any Good

o Attribute Gage R&R Studies: Comparing Appraisers

e Attribute Gage R&R Studies: Part 2

e ANOVA Gage R&R-Part 1

e ANOVA Gage R&R - Part 2

e ANOVA Gage R&R - Part 3

e Gage R&R for Non-Destructive and Destructive Test Methods
e Destructive Gage R&R Analysis

e Evaluating the Measurement Process - Part 1

e Evaluating the Measurement Process - Part 2

e Three Methods to Analyze Gage R&R Studies

e Monitoring Destructive Test Methods

e Probable Error and Your Measurement System

e Specifications and Measurement Error

e SPCandthe Lab

e The Impact of Measurement Error on Control Charts

e Acceptance Criteria for Measurement Systems Analysis

e Operational Definition of a Consistent Measurement System
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Design of Experiments (DOE)

Experimental design techniques help you determine what factors significantly impact a response variable and by
how much. The SPC for Excel software contains the following two-level designs:

e Full factorial designs (up to 7 factors).
e Fractional factorial designs (29 designs to choose from for up to 15 factors).
e Plackett-Burman designs (up to 27 factors).

The first step in running a DOE using the software is to select the design you want to use. You enter the
response variable names as well as the factor names and their respective levels. The software then generates a
template with the experimental runs listed. You enter the results of the experimental runs into the template
and then run the software to analyze the results.

Two Level Full Factorial Design

Example: Three factors are thought to impact a nitride etch process on a single-wafer plasma etching tool
(Montgomery, D.C., Design and Analysis of Experiments, 6th Edition, John Wiley & Sons, 2005). The three
design factors (with their low and high levels) are:

e Gap between the electrodes in centimeters (0.8, 1.2)
e (C2F6 gas flow in SCCM (125, 200)
e RF power applied to the cathode in watts (275, 325)

Each factor was run at two levels shown above and the experiment was replicated twice. The response variable
is the etch rate for silicon nitride. The steps below are used to setup the experimental design template and
enter the data so the analysis can be completed.

1. Select “DOE” from the Analysis panel on the i, MSA ¥ ANOM
SPC for Excel ribbon (seventh panel from the  ——» ‘0 DOE % ANOX
left).
23, ANOVA
Analysis
2. Select the design type (full factorial in this Feperimental Design Setup X
exam p I e) . Select Design Type for Setup

* Full Factorial Design (Two Level)
" Fractional Factorial Design (Two Level)

" Plackett-Burman Design (Two Level)
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10.

11.

12.

Experimental Design Input

Enter the name of the design. \
Enter Mame for the Design: Etch

Enter response variable names via

Enter the number of response variables. —— |\ o creomsevmses [1

1+ Input Box " Worksheet Range

Enter factor names and levels via

Enter the number of factors. T weeomens 5 o ket

Number of replications: 2
Enter the number of replications. >

Number of center points:

Enter the number of center points_ // Help

Select either of two options to enter the
response variable name and factor names
and levels: from input box or from worksheet
range.

Response Variable Information ? X

Enter the response variable name.
\ Enter the name for response variable 1
Nitride Etch|

Enter the names and levels of the response

factors. Factors 1-5 | 6-10 | 11-15 | 16-20 | 21-25] 26-27
Name Low Level High Level

Factor1: | Gap | 08 [ 12
Factor2: | C2F6 Flow | 125 [ 200
Factor3: | RFPower | 275 [ 225

Help Back ‘ Next | 0K | Cancel

. Name:  [aC
A template is added to the WOFkbOOk; the _  p W FectorFul Factorial
experimental runs have been randomized.
Factor Information
. Low High
Enter the results of the runs into the el
B C2F6 Flow 1;5 280

template.

RFPower 275 325

Actual
LUl Standard Nitride
Order  Run Order A
1 4

1 550
2 650
2 669
7 1075
7 0.8 200 326 1063
0.8 200 275 633
0.8 125 275 604
0.8 125 326 1037
0.8 125 326 1052
12 125 326 743
12 200 326 729
12 200 275 635
12 200 326 860
12 125 326 868
0.8 200 275 601
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13.  Select “DOE” from the Analysis panel in the i, msa X ANOM
SPC for Excel ribbon (seventh panel from the\ ‘0 DOE % ANOX
left). o
=32 ANOVA

Analysis

14.  Select options in the analysis.
\ [v Show Effect Charts
15.  Select “OK” to generate the DOE results in a

[¥ show Twa Factor Charts

new workbook. Wﬁum >1
. Y Help -OK Cancel
16.  Questions? Select “Help: > | oot

DOE Output

The output from the DOE is contained in a new workbook. The following sheets are included (with a few
examples):

e All Factors Analysis Worksheet

e Design table analyzed using Yates’ Algorithm

e Range chart results if replications were run

o ANOVA table based on all factors and interactions

ANOVA Table Based on All Factors and Interactions
MS F pvalue |% Cont
41311 18.339 0.0027 7.77%
217.6 0.097| 0.7639 0.04%
374850| 166.411 0.0000| 70.54%| The signficant factors are in
2475.1 1.099 0.3252 0.47%| red (p <=0.05). Factorsin
54403 41.9309 0.0002| 17.76%| blue (0.05 < p <=0.20) may or
18.06 0.008| 0.9308 0.00% may not be significant.
126.6 0.056] 0.8186 0.02%
2252.6 3.33%
100.00%

217.6)
374350
2475.1]
94403
18.06,
126.6)
13021
531421

o2l 0 e g g

e ANOVA for the model (containing all the factors)

e Average, standard deviation, coefficient of variation, R2, adjusted R2, PRESS and R2 prediction

e Factor information include coefficient, degrees of freedom, standard error, and 95% confidence limits
e Model containing all factors based on coded and actual levels

e Normal Plot of Effects

e Half-Normal Plot of Effects (used to select factors to keep in the model and to rerun the analysis with a

smaller set of factors)
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Half-Normal Plot of Effects

All effectsare included in the model atthis time. Significant effectsin
1.5 |themodelarein red.

2 |Selectthe Rerun ANOVA button to run the analysis with just the
significant effects. Underlined effects are negative.

0.5 -

.
>

z Value
o
>
=]

-0.5 1

415 |* BC

0 50 100 150 200
Effects

250 300 350

&

e Effect Charts (if that option was selected)

e Two Factor Plots (if that option was selected)

e All Factors Residual Info Worksheet

e Raw residuals, leverage, standardized residuals, internally studentized residuals, externally studentized

residuals, DFFITS, and Cook's distance
e Residual Plots
e Residual plots for each type of residual (raw, standardized, internally studentized, externally
studentized)

e Normal plot of residuals

e Residuals versus predicted results

e Residuals versus actual run number

e Other plots

e  Leverage versus actual run number

e DFFITs versus actual run number

e Cook's distance versus actual run number

e Predicted values versus predicted values

e DOE Optimization (visual chart for 3 to 5 factors)
DOE Links
Help Links:

e DOE Overview

e Design Setup

e Design Analysis

SPC Knowledge Base Links About DOE:

Experimental Design Techniques - Part 1

Experimental Design Techniques - Part 2
Experimental Design Techniques - Part 3
Design of Experiments in Pharmaceutical Development

&
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https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/help/analysis/doe
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Analysis of Variance (ANOVA)

Analysis of Variance (ANOVA ) is used to determine which factors have a significant effect on a response
variable. The program has the following options:

e 1tob5factors
e Random and/or fixed factors
e Crossed, nested or mixed designs

To run an ANOVA, you first determine the response variable as well as what factors to include in the ANOVA and
their levels. That information is used by the software to create a template. The names and levels must be
entered into a worksheet before you start. You enter the results from the experimental runs and the software
uses ANOVA to analyze the results.

Crossed Design with Fixed Factors

Example: There are three factors (A, B, C) that you think may impact a response variable Y. There are three
levels of Factor A you want to test (A1, A2, A3); there are two levels of Factor B (B1, B2); and three levels of
Factor C (C1, C2, C3). The design is a crossed design with 3 replications.

1.  Enter the data for the crossed design into an A B c
Excel worksheet; for the crossed design, the / Al Bl 1

.. . . A2 B2 c2
factor name is in the first cell with the levels
A3 c3
for that factor below.
2. Enter the response variable name into an , Response
¥

Excel worksheet; there can be more than
one, but they must be listed in a single
column.

3. Select “ANOVA” from the Analysis panel in 0, MSA X ANOM

the SPC for Excel ribbon (seventh panel from\ ‘00 DOE ¢ ANOX
the left). o

53a ANOVA

Analysis

4.  Select the type of design. Anelysis of Variance .

\ Type Factors
{+ Fixed

@ (Crossed] " Nested " Mixed

5.  Select the type of factors. B Random
TRETE " Mixed
. [ show Design [ Randomize Runs
6.  Select the number of response variables. _— Numberof [
FEREg
7.  Change options if desired. e | Cancel

8.  Select “OK.”
9.  Questions? Select “Help.”
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10.  Select the worksheet range containing the Crossed Design Leyout x
factor names and their levels. \E!E’ﬁ&%@@ﬁﬁ Eéﬂﬁ‘?él‘;ﬁ&f%’?é?ﬁ&i??ﬁ e ot el
and levels below that cell.
‘ SH§2:5085 J

1 1. Enter the number Of I’epllcations. \_’ MNumber of Replications: 3

Select the range containing the response names
{must be listed in one column):

12.  Select the worksheet range containing the
response variable names.

_ 5 ‘ Sheet11éLs2| J

Help ‘ Back | 0K Cancel

Crossed Design
Fixed Factors
Response: Y

v

13.  Atemplate is created in the workbook.

Factors Type Levels
A Fixed 3 Al, A2, A3
B Fixed 2 B1,B2
c Fixed 3 C1,C2,C3

14. Enter the results.

3

Std.Run  Actual
No. Run No.

1 1 18.4
2 2 Al B1 c1 14.4
3 3 Al Bl C1 19.3
4 4 Al Bl c2 20.1
3 5 Al BL c2 18.4
6 6 Al Bl c2 235
7 7 Al Bl c3 4.7
15.  Select “ANOVA” from the Analysis panel in i, MsA
the SPC for Excel ribbon (seventh panel from\ ] poe
53, ANOVA
the left). ANOVA
Analysis
16.  Select the options you want for ANOVA; the
. ¥ variability Char’

checked items are the defaults; see the help o

. . . [V Treatmen

links below for more information on these \ © s

Optlons. v overal
™ Residuals Analysis
[ ¥bar-s Control Chart I™ Xbar-R Control Chart

17. Select “OK.”

™ Compare Means and Variances (Fixed Factors Only)

I Display Components of Variance and Expected Means Squares
I Display F Calculation Information

™ Control Chart Rollup

18.  Questions? Select “Help.”

L

ANOVA Output

An overview of the ANOVA output is given below.

A worksheet called ANOVA is always added to the workbook. The top part of this sheet contains the ANOVA
table for the various sources of variation as well as the ANOVA table for the model and a few statistics.

Additional worksheets will be added depending on the options selected. The ANOVA output options are listed
below with an explanation of what worksheets are added to the workbook.



The link below takes you to the ANOVA help pages; in addition, there is a link for an ANOVA video.

Variability Chart: adds a chart sheet named "Variability Chart" containing the variability chart.

Variability Chart

I

=} ‘ (] ‘ a3 ‘ c1 ‘ (] ‘ ] ‘ c1 ‘ ] ‘ [=] ‘ c1 ‘ 2 ‘ [=] ‘ c1 ‘ (] ‘ a3 ‘ = ‘ (] ‘ a3 ‘ c
B1 ‘ B2 ‘ B1 B2 ‘ B1 ‘ 82 ‘ B
Al ‘ A2 ‘ A3 ‘ A

Residuals Analysis: adds a worksheet named "Residuals" that contains the residual analysis as well as a
chart sheet named "Residual Plots" containing the various chart options for the residuals.

Xbar-s Control Chart: adds a worksheet named "Xbar-s " containing the Xbar and the s control charts.
Xbar-R Control Chart: adds a worksheet named "Xbar-R " containing the Xbar and the R control charts.
Compare Means and Variances (Fixed Factors Only): this option adds additional information to the
ANOVA worksheet for comparing the treatment means (Fisher's LSD method, Bonferroni's method and
Tukey's method) and for testing the equality of treatment variances (Bartlett's test and Levene's
Modified method); chart sheets may also be added if the option to chart the comparison of treatment
means was selected.

Display Components of Variance and Expected Mean Squares: this option adds additional information to
the ANOVA worksheet for the components of variance and the expected mean squares; a chart sheet is
also added that contains the components of variance graph.

Display F Calculation Information: this option adds additional information to the ANOVA worksheet for
the how the F value was determined.

Control Chart Rollup: this option adds a worksheet called Rollup Charts to the workbook containing the
control charts for the rollup of factors.

ANOVA Links

ANOVA Help

Video highlighting using ANOVA in SPC for Excel

SPC Knowledge Base Link About ANOVA:

Single Factor ANOVA Q
T g
T
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ANOM (Analysis of Means)

Analysis of means is a graphical and statistical way of comparing k treatments means with the overall average
and the k treatment ranges with the average range. The method used in this program is described in the book
Analyzing Experimental Data by Dr. Donald J. Wheeler.

1. Enter the data into a worksheet; it can be A B C D E
anywhere on the worksheet but must be in 250 310 250 340 250
columns with the treatment labels in the first 260 330 230 270 240
cell of each column. The maximum number 230 280 220 300 270
of treatments is 60. The maximum subgroup 270 360 260 320 290

size for each treatment is also 20.

2. Select the data or the first cell containing the
title or data.

3.  Select “ANOM” in the Distribution panel-cxf_\>

the SPC for Excel ribbon (seventh panel from 11]1; M54 X ANOM
the left). T DpoE 3 ANOX
355 ANOVA
Analysis
4.  Ensure that the data range is correct. Analysis of Means X
\* Treatments with Headings

5.  Select the ANOM and ANOR scaling factor | seshs1s =

percentage ANOM Scaling Factor

* 10% " 5% 1%

6.  Select OK and the analysis is performed.

AMNOR. Scaling Factor

* 10% " 5% 1%

Help

The output includes a data table with the calculations as well as the ANOM chart as shown below. Points
outside the ANOM limits and ANOR limits are significantly different than the average.



ANOM Chart

340 4
320 /-\
) ~10% ANOM Limits = 306.7
£ 300
b
E
é.,zso -Avg=276.5 \-
%‘zso —
? 140 0% ANOM Limits = 246.3 e
220 T T .
A B C E
Subgroup Number
ANOR Chart
120 -
110 5% ANOR Limits = 111.5
100 -
)
> g0 -
&
a 80
5
2 70 4
o
2 60 - /\
a ~Avg=56 \\__.
% 7./ \/
40 =
30 . T |
A B C E
Subgroup Number

ANOM Links

ANOM Help
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ANOX (Analysis of Individual Values)

The analysis of individual values is a test to determine if the data are homogeneous. For example, you might run
this analysis to determine if you baseline data for a control chart is homogeneous. The analysis can handle up to
480 points and is based on the article “ANOX: The Analysis of Individual Values" by Donald J. Wheeler and James

Beagle Ill published in Quality Digest.

1. Enter the data into a worksheet; it can be
anywhere on the worksheet but must be in
columns. The sample identifiers are in the
first column, and the X values are in the

second column.

2.  Select the data or the first cell containing the

title or data.

3.  Select “ANOX” in the Distribution panel of the
SPC for Excel ribbon (seventh panel from the

left).

4.  Ensure that the data ranges are correct.

5. Enter the name of the chart

6.  Select the ANOX scaling factor percentage

\\‘

7.  Select OK and the analysis is performed.

The output is the ANOX chart. An example is shown below. If there are points beyond the ANOM limits, then

the data not homogenous.

Sample X
10,44
10.24
10.24
9.74
10.04
10,54
10.54
10.04
10.34
7.06
10,44

W0 o~ @ bn W M

=
(=]

i pmsa ¥ ANOM
TIDoE > ANOX
SSe ANOVA

Analysis

/

Analysis of Individual Values

Sample Identifiers in One Column:

N | sessisase =]
Individual Values Range in One Column:
| srssisrisal =]
MName of Chart: |
ANOX Scaling Factor
o * 10% 5% 1%

Help Cancel
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13 4
12 4

11

f 2 AL A

= 10

ANOX Links

e ANOX Help

— 10% ANOX Limits =7.E15

ANOX Analysis

—Avg=5.555
=

LN e e e e B B B B s
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
Sample Number
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Normal Probability Plot

A normal probability plot is used to determine if a data set comes from a normal distribution.
closely to a straight line, it comes from a normal distribution. The Anderson-Darling statistic is often used to

qguantify that fit.

If the data fits

Example: You have taken 100 samples from a process. You would like to run a process capability analysis on the

data, but you need to be sure that the data are normally distributed. You decide to use the normal probability

plot to determine this.

8. Enter the data into a worksheet; it can b/

anywhere on the worksheet.

9.  Select the data or the first cell containing the

title or data.

Ensure that the data range is corre\

T o= = =

——

10.  Select “Normal Probability” in the
Distribution panel of the SPC for Excel ribbon
(eighth panel from the left).

11.

12.  Select “OK” and the normal probability plot is
created.

13.  Questions? Select “Help.

7 Value

Normal Probability Plot
(AD* = 1.036, p = 0.01)

Value

/

. >

Data |
4, 64351
1.01457
1.60103
2.44223
5.04867
3.23538

., Normal Probability
& Data Transformation
|'? Distribution Fitting

Distributions

Anderson-Darling

Select the range containing the data

[ sasusasiol

=l
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If the data are normally distributed, the points should lie along the sold straight line. The points in the chart
above do not do that. AD* is the Anderson-Darling statistic. “p” is the p-value associated with the statistic. If
the p-value is less than 0.05, then you can conclude the data are not normally distributed. If it is larger than 0.20
you can conclude that the data are normally distributed. If it is between 0.05 and 0.20, you probably need more
data — although some will say since it is greater than 0.05, the data are normally distributed.

Normal Probability Plot Links

Help Link: \ai

e Normal Probability Plot

e Normal Probability Plots
e Anderson-Darling Test for Normality

SPC Knowledge Base Links About Normal Probability Plots: i
=i

55


https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/help/distributions/normal-probability
https://www.spcforexcel.com/knowledge/basic-statistics/normal-probability-plots
https://www.spcforexcel.com/knowledge/basic-statistics/anderson-darling-test-for-normality

Data Transformation

Some statistical tests are based on the assumption that your data are normally distributed. The process
capability calculation involving Cpk is one of these. Sometimes, if your data are not normally distributed, you
can transform the data to “make” the transformed values normally distributed. Then you can apply those tests
that require a normal distribution. When you transform a data set, you perform the same mathematical
operation on each data point in the set.

There are two data transformation techniques in the SPC for Excel software:

e Box-Cox Transformation: this is a power transformation that attempts to transform the data to a normal
distribution by changing the value of lambda (the power).

e Johnson Transformation: this transformation attempts to transform the data to a normal distribution by
using three different Johnson transformation families.

Box-Cox Transformation

The Box-Cox transformation is power transformation that is defined by Y*, where Y represents the data and A is
the “power” to which each data value is raised. It was introduced in 1964 by George Box and David Cox. The
original form of the transformation was (SPC for Excel uses a modified version of this):

A

X whenA # 0

Y(A) =

Y(A) =log(Y) whenA =0

Sometimes (not always), this transformation will generate values that are normally distributed.

Example: You have taken 100 samples from a process. You would like to run a process capability analysis on the
data, but you need to be sure that the data are normally distributed. The normal probability plot indicates that
the data are not normally distributed. You decide to run a Box-Cox transformation to see if the data can be
transformed into a normal distribution.

1. Enter the data into a worksheet; it canbe ————————— > ]

anywhere on the worksheet. T
1.01497
1.60103

2.  Select the data or the first cell containing the
244323

title or data. 5.04867
3.23538

3.  Select “Data Transformation” in the ¢ B DAy

Distribution panel of the SPC for Excel ribbon
(eighth panel from the left).

& Data Transformation
|'? Distribution Fitting

Distributions
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Data Transformation X

4.  Select Box-Cox Transformation.
Select data transformation option:

IV Box-Cox Transformation [ Johnson Transformation

3. Ensure that data rangeis Correﬁ\> Range Containing Dats: | $AS2:A8101 = |

Variable Name {Optional}: | Data

6.  Defaults can be changed.

IV Histograms for data and transformed data

V¥ PP plots for data and transformed data

7. Data in columns or rows?

¥ Show transformed data on output worksheet

Data in:

8.  Select “OK.”

% Column(s) " Row(s)

9. Questions? Select Help ————— =

The output includes the Box-Cox plot. This is a graph of lambda versus sigma. The optimum lambda occurs at
the minimum. The red lines are the 95% confidence limits. If a “rounded” value of sigma is within the
confidence limits, it is often used for the transformation.

Lamda
Box-Cox Plot for Data Ootimum Lambda=0.31

(Sigma Estimated from Average Moving Range)  95% Lower CL=0.01
95% Upper CL=0.62

2.4 - Rounded Lamdba =0.5
2.2
2 N '
m
£ ) + BC
20
v —LCL
1.8 N —UCL
1.6 - 1.,
1.4 4 - - :
-1.5 -1 -0.5 0 0.5 1 1.5 2
Lambda

The output also includes another worksheet that summarizes the results and includes the histograms, P-P plots,
and transformed values if those options were selected. The summary part of the worksheet is shown below.
The p value for the transformed should be greater than 0.05 if the transformation was successful. The
histogram should be more bell-shaped for the transformed data if the transformation was successful.
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Box-Cox 'l_l‘a nsformation for Data

Descriptive Statistics
Count

Mean StDev  Median Min Max
Qriginal Data 100 2.923 1.786 2.607 0.282 8.091
Transformed Data 100 1.624 0.538 1.615 0.531 2.844
Lambda Results
Upper Lower
Optimum Cz;:\f conf Rounded
Lambda . 7 Lambda
Limit Limit
0.31 0.62 0.01 0.5

Skew

0.708
0.0243

This p-value should be greater than
0.05 if the transformation was
successful.

AD
1.036
0.303

p Value
0.010
0.574

The histogram and P-P plot of the original data and the transformed data are shown on the summary worksheet

if those options were selected.

Original Data Histogram

Frequency

Transformed Data Histogram

Frequency
[

12 14 16 18 2 22 24 26 28 3

p (Empirical)

P-P Plot: Transformed Data

04

06 08 1

p (Empirical)

The P-P (probability-probability) plot is a graph of the empirical (based on the data) cumulative distribution
function (CDF) values plotted against the theoretical (model) CDF values. It is another way to determine how
well the distribution fits the data. If the points on the P-P plot lie along the straight line, the data are normally

distributed.

Data Transformation Links

Help Links:

e Data Transformation

e Video highlighting Box-Cox Transformation using SPC for Excel

SPC Knowledge Base Links About the Box-Cox Transformation and Handling Non-Normal Data:

e Box-Cox Transformation
e \What? My Data are Not Normal?



https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/help/distributions/data-transformation
https://www.spcforexcel.com/spc-for-excel/box-cox-transformation
https://www.spcforexcel.com/knowledge/basic-statistics/box-cox-transformation
https://www.spcforexcel.com/knowledge/basic-statistics/what-my-data-are-not-normal

Distribution Fitting

Sometimes, your data are not normally distributed, and the data transformations are not successful at
transforming the data to a normal distribution. In this case, you may want to fit the data to another distribution
so you can perform a non-normal process capability or create a non-normal control chart.

The SPC for Excel software fits the following distributions:

e Exponential e Loglogistic - Three Parameter
e Exponential - Two Parameter e LogNormal

e Gamma e LogNormal - Three Parameter
e Gamma - Three Parameter e Normal

e Largest Extreme Value o Smallest Extreme Value

e Logistic e  Weibull

e loglogistic e Weibull - Three Parameter

Example: You have taken 100 samples from a process. You would like to run a process capability analysis on the
data, but you need to be sure that the data are normally distributed. The normal probability plot indicates that
the data are not normally distributed. You decide to use distribution fitting to see if you can fit the datato a
specific distribution so you can perform a non-normal process capability analysis.

1. Enter the data into a worksheet; it canbe — > . D:ta |

anywhere on the worksheet. “aearl
1.01497
1.60103

2. Select the data or the first cell containing the
2.443223

title or data. 5.04867
3.23538

. Mormal Probability

3.  Select “Distribution Fitting” in the :
Distribution panel of the SPC for Excel rm 4 Dats fenstormten
(eighth panel from the left). [¥ istiution Fttng

Distributions

Distribution Fitting x

4.  Select the distributions you want to fit.

Varizble tame: | Data

Data Range: ‘ SAS2:$AS101 J

5. Select “OK."

¥ chedk

¥ Exponential W Loglogistic - Three Parameter
6. Questions? Select “Help.Z Sesrr ot [l

v Gamma ¥ Lognormal - Thres Parameter

[+ Gamma - Three Parameter I¥ Normal

[¥ Largest Extreme Value ¥ smallest Extreme Value
v Logist W wieibull

¥ Loglogistic ¥ ieibull - Three Parameter
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If more than one distribution is fitted, a worksheet named "Summary" is added to the workbook. The top part
of this sheet contains the descriptive statistics for the original data. The results for the distribution fitting are

then provided.

Distribution Fitting Summary for Data

Descriptive Statistics

Distribution

Weibull

Weibull - Three Parameter
Gamma

Gamma - Three Parameter
Largest Extreme Value
LogNormal - Three Paramet
LogNormal

Loglogistic - Three Paramet
Loglogistic

Exponential - Two Parameter
Normal

Logistic

Exponential

Smallest Extreme Value

Count
100

Location

2.096
1.379
0.844
1.304
0.910

2.923
2.796

3.864

Mean
2.923

Shape

1.694
1.505
2.343
2,128

StDev

1.786

Scale

3.278
2.997
1.248
1.332
1.420
0.418
0.741
0.270
0.422
2.641
1777
1.016
2.923
1.992

Median
2.607

Threshold

0.210

0.0888

-1.400

-1.094

0.282

Min
0.282

Log-
Likelihood

-189.8
-189.1
-190.8
-190.7
-193.3
-192.6
-196.3
-195.6
-197.1
-197.1
-199.4
-200.2
-207.3
-216.2

8.091

AD

0.248
0.359
0.489
0.547
0.504
0.523
1.487
0.692
1.239
3.907
1.036
0.879
5.982
3.410

Skew
0.708

Kurt
0.135

p Value LRT
20.25
20.25
0.239
0.187
0.221
0.179
0.001
0.042

<0.005

<0.001
0.010
0.013
<0.001
<0.01

0.225

0.763

0.007

0.083

0.000

Each distribution fitted is listed. The following are given for each distribution:

e Distribution parameters: location, shape, scale and threshold.
e lLog-Likelihood: value of the log-likelihood equation; objective is to find the distribution parameters that

minimize this equation.

e Anderson-Darling statistic: measures how well a distribution fits the data.
e p-values: for the Anderson-Darling statistic; larger values of p imply a better fit.
e LRT (likelihood ratio test): compares the fit of additional parameters to the model; for example, the LRT

for the three parameter Gamma distribution is 0.763; this compares the fit against the two-parameter

AIC

383.7
384.2
383.6
387.5
390.6
391.3
396.6
397.2
398.2
398.2
402.8
404.5
416.5
436.3

model; lower values of LRT implies that the additional parameter significantly improved the fit.

e AIC (Akaike information criterion): measures the relative quality of the distribution for a given set of

data; smaller values imply a better fit; the distribution results are sorted by AIC.

For each distribution on the summary worksheet is a link that takes you to the worksheet containing the results
for just that distribution. The summary statistics are given as well as the two charts shown below.

Weibull

flx)

N
/|
)

10

08

08

07

06

P(Model)
o
n

03

02

01

P-P Plot: Weibull

01

02

03 04 05 0.6
P{Empirical)

07 08 08 1
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One chart is the histogram of the data with the distribution superimposed. The other chart is the P-P plot.

The P-P (probability-probability) plot is a graph of the empirical (based on the data) cumulative distribution
function (CDF) values plotted against the theoretical (model) CDF values. It is another way to determine how
well the distribution fits the data. If the points on the P-P plot lie along the straight line, the distribution fits the
data.

Distribution Fitting Help Links

e Distribution Fitting @
e Video highlighting distribution fitting using SPC for Excel \\y

Descriptive Statistics

This technique generates descriptive statistics for one or more sets of data. These statistics describe the data.
The following statistics are included:

e Mean e Minimum

e Standard Error e Maximum

e Mode e Sum

e Standard Deviation e Count

e Variance e First Quartile

e Coefficient of Variation e Median

e Kurtosis e Third Quartile

e Skewness e 95% Lower Conf. Limit
e Range e 95% Upper Conf. Limit

The standard error is the standard deviation divided by the square root of the sample size (count). The 95%
upper and lower confidence intervals are calculated from the t distribution as the average +/- t(standard error)
where t is the value of the t distribution for alpha = 0.05 and the degrees of freedom associated with the sample
size.

1. Enter the data into a worksheet; youcan ———MM» A

. Dat: |
enter more than one variable, but the data 4_;4:51'
must be in columns with the variable name in 1.01497
the first cell of the column. 1.60103
244223
5.04867
2.  Select the data or the first cell containing the 3.23538
title or data.
3. Select “Descriptive Statistics” in the Statistical ————— % ™ Desc. Stats £ Correlation
Tools panel of the SPC for Excel ribbon (the H, Sample Tests TP NonParametric

. ¥ Multiple Processes Misc. Tools
ninth panel from the left). uitiple Pmcesses 3§ M. Too

Statistical Tools

61


https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/help/distributions/distribution-fitting
https://www.spcforexcel.com/spc-for-excel/distribution-fitting

8.

Ensure that data ra nge is C0|"r'E(j -> Descriptive Statistics

Data Range (ith headings): | SA$L:5A45101 J

Select where to place the output. R e

(" First cell of output range on this worksheet -

. (¥ New Workshest

Select options to geneate dot plot and/or
histogram of the data. \» gz

|v DotPlot ¥ Histograms
Se|ect ”OK ” Help _; oK | Cancel

//

Questions? Select “Help.”

Descriptive Statistics Links

Descriptive Statistics Help

Descriptive Statistics

SPC Knowledge Base Links About Descriptive Statistics:

Explaining Standard Deviation
Are the Skewness and Kurtosis Useful Statistics
When an Average Isn't the Average

The output from descriptive statistics consists of the statistics on one page and the dot plot and histograms on
chart sheets if those options were selected.
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Sample Tests

Sometimes you have one or two samples that you would like to make some inferences about. For example, you
might want to determine if two samples have the same average or variance. SPC for Excel has the following
techniques to answer these types of questions for samples:

One sample z and t tests for a mean: used to determine a confidence interval around a mean and
compare that interval to a hypothesized mean.

One sample variance test: used to determine a confidence interval around a variance and compare that
interval to a hypothesized variance.

z and t tests for differences in two means: used to tell if there is a difference in the mean of two
different samples.

t test for paired sample comparison: used to tell if there is a difference in two methods testing the same
sample.

One proportion test: used with binary data when you want to examine the absence or presence of a
specific attribute (like voting for someone).

Two proportions test: used to compare the proportions or rates of two populations with binary
outcomes.

Power and sample size: used to determine the power, sample size and difference that can be detected
using these sample methods.

z and t Tests for Differences in Two Means

Example: There are two processes that make the same product. You would like to know if the two processes
have the same mean. You select 10 samples from each process and measure the characteristic.

ocess 1 Process 2

Enter the data into an Excel worksheet;the _——»

501 50.1
data must be in columns with the first cells 499 497
containing the name of each process. Y
502 494
o . 50 494
Select the title in the first cell. 504 497
499 494
497 494
497 493

Select “Sample Test” in the Statistical Tools ™ Desc. Stats £3 Correlation
» .
panel of the SPC for Excel ribbon (the ninth P H, Sample Tests TP NonParametric

3 Multiple P coes Misc. Tools
panel from the left). ulfple Processes ' Misc:Too

Statistical Tools

Select “z and t Tests for Differences in Semple Testz X
Means _” ¢ {One Sample z and t Tests for a Mean | (" One Proportion Test
" One Sample Variance Test " Two Proportions Test
(" 7 and t Tests for Difference in Two Means ¢ Pawer and Sample Size
€ tTest for Paired Sample Comparison
Heln Cancel
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5. Ensure that data ranges are cor Difference Between Two Means Input
FeCL\b Process 1Datz with Heading: | srsssrsi]  _|
6.  Selectif you want hypothesis test. \ N e
¥ Incude Hypothesis et Hypothesized Difference: | 0

7.  Selectzort test. -
+ Small Sample {n < 30, t Test)

" Large Sample {n = 30, z Test)

Changes options if desired.\
Type of Test,

9. Select “OK.” oha

‘ Qutput Options

10.  Questions? Select “Help.” ———mm

The first part of the output contains the statistical results. Each hypothesis is shown as well as the various

statistics. The p- value is turned red if it is less than 0.05. The conclusion is given at the end: either to accept or

reject the null hypothesis.

95% Two-Sided Hypothesis Test for the Difference in Two Means
Hoop -pz =10
Hi:pg-pp <=0

Process 1 Process 2

Mean 49.98 49.58
Standard Deviation 0.215 0.252
Variance 0.0462  0.0796
Sample Size 10 10
Difference in Means 0.400
Equal Variances? Yes
Pooled Variance 0.0629
Pooled Standard Deviation 0.251
Degrees of Freedom 18
Alpha 0.05
tp.ozs, 18) 210
Lower Confidence Level 0.164
Upper Confidence Level 0.636
t 3.567
p Value 0.0022

The null hypothesis is rejected.
There is evidence that the difference in means is not equal to 0.

Reject if:
If p value (0.0022) <= alpha (0.05)
If |t = too2s 13

A chart showing the relationship of the confidence limits to the hypothesized difference is created. If the
hypothesized difference is not in the confidence inteval, it means that that the difference cannot be equal to

that hypothesized difference (0 in this example).

LC ucL
Difference
® - Y -
Hypothesized
Difference
o 01 02 03 04 05 06 o7

The individual results are also plotted to help identify potential outliers.
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Process 1 Data Plot

3 4 5 6 7 B
Observation Number

9

10

—e—Data

Average

Sample Tests Links

Sample Test Help Links:

SPC Knowledge Base Links About Sample Tests:

One sample z and t tests for a mean

One sample variance test

z and t tests for differences in two means

t test for paired sample comparison
One proportion test

Two proportions test

Power and sample size

Video highlighting hypothesis testing using SPC for Excel

Comparing Two Processes
Paired Sample Comparison
Hypothesis Testing

How Many Samples Do | Need?

4

K
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Multiple Processes

Sometimes you want to compare multiple processes or treatments to see if they have the same average and/or
the same variance. SPC for Excel contains the following techniques to help you do this:

Fisher’s LSD Method for Means

Tukey’s Method for Means The first five look at either differences in
Bonferroni’s Method for Means means or differences in variation. The last
Bartlett’s Test for Equality of Variances two give insights into both differences in
Modified Levene’s Test for Equality of Variances means and variation at the same time.
Box and Whisker Plots

The setup and data entry are essentially the same for all the techniques.

Fisher’s LSD Method for Means

1.

Enter the data into an Excel worksheet; the _—————» 250 310 250 340 250

H H H 260 330 230 270 240
data must be in columns with the first cells | o 250 0 200 pas
containing the name of each process. 21 360 260 320 290
Select the title in the first cell.

Select “Multiple Processes” in the Statistical T Desc. Stats £ Correlation

Tools panel of the SPC for Excel ribbon (the\ H_° SR USE TP NonParametric
ninth panel from the Ieft) B Multiple Processes /% Misc. Tools

Statistical Tools

Select “Fisher’s LSD Method for Means.” Competing Muple Processes *
e W 6 e (" Bartlett's Test for Equality of Variances
" Tukey's Method for Means " Modified Levene's Test for Equality of Variances
" Bonferroni's Method for Means
~ Box and Whisker Plots
Help Cancel
The data can be Stacked or unstacked; this Fisher's Least Significant Difference Method ¥
example is unstacked. G
" Stacked % Unstacked
Ensure that data range is correct. ]
[
Change alpha (significance level) if desired. IET e
Enter the range containing the responses with headings:
SAS1:8ESS _

Select “OK” to generate the results.

a: 0.05

Cancel

Questions? Select “Help.”

Part of the output from the Fisher LSD method is shown as follows.
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ANOVA

ANOVA to show if treatments are significantly

Sum of

Treatment
Error 9425|

Toel | 2ozss 9] ! is difference in the means.

Output to compare each pair of treatments.

ool K . different; p value less than 0.05 usually means there

A-B -105.28

A-C 12.5 3r7s -25.28 50.28 No

A-D -55 37.78 -92.78 1722 Yes

A-E -1 7.7 4778 27T No

B-C il 7.7 42.22 7.7 Yes

B-D 12.; 7.7 -25.28 0.2 No

B-E 57 7.7 19.72 5.2, Yes

c-D 675 37.78| -105.28 -29.72) Yes

C-E -22.5 3778 -60.28 15.28 No

D-E 45 3r7s 722 82.78] Yes

There is evidence that some pairs of means are different.
Fisher LSD Method Confidence Intervals
s+ A-B
— e A - C
Iy [\ - [
e A - E
el B - C
The chart compares each pair. Those pairs 2 B-D
that do not contain zero are significantly B-E
different. c-p
C-E
D-E
-150.00 -100.00 -50.00 0.00 50.00 100.00

Confidence Intervals

Multiple Processes Links

Multiple Processes Help Links:

Fisher’s LSD Method for Means g

SPC Knowledge Base Links About Multiple Processes Tests:

Tukey’s Method for Means

Bonferroni’s Method for Means

Box and Whisker Plots

Bartlett’s Test for Equality of Variances

Modified Levene’s Test for Equality of Variances

Video highlighting multiple process tests using SPC for Excel

Comparing Multiple Processes
Box and Whisker Plots
Comparing Multiple Processes: Bonferroni's Method

Bartlett's Test for Equality of Variances

150.00

67


https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/help/statistical-tools/multiple/fisher
https://www.spcforexcel.com/help/statistical-tools/multiple/tukey
https://www.spcforexcel.com/help/statistical-tools/multiple/bonferroni
https://www.spcforexcel.com/help/statistical-tools/multiple/box-whisker
https://www.spcforexcel.com/help/statistical-tools/multiple/bartlett
https://www.spcforexcel.com/help/statistical-tools/multiple/bartlett
https://www.spcforexcel.com/help/statistical-tools/multiple/modified-levene
https://www.spcforexcel.com/spc-for-excel/comparing-multiple-processes
https://www.spcforexcel.com/knowledge/comparing-processes/comparing-multiple-processes
https://www.spcforexcel.com/knowledge/comparing-processes/box-and-whisker-plots
https://www.spcforexcel.com/knowledge/comparing-processes/bonferronis-method
https://www.spcforexcel.com/knowledge/comparing-processes/bartletts-test-for-equality-variances

Correlation Technigues

Sometimes you would like to see if there is a correlation between different items. The correlation techniques
included in SPC for Excel are:

Correlation Coefficient: used to determine if there is a linear relationship between two variables.
Failure Mode and Effects Analysis: template used to determine the most likely reason a process will fail.
Plot Multiple Y Variables Against One X Variable: used to plot more than one Y variable against one X
chart.

Scatter Plot Matrix: used to create scatter plots among multiple pairs of data.

Waterfall Charts: shows how the initial value of a variable increases or decreases to a final value based
on a series of intermediate values that impact that variable.

BACI Charts: used to judge how a change has impacted a process.

Correlation Coefficients

You can use correlation coefficients to determine if there is a significant linear correlation between variables.

. Hardeni T i
1. Enterthe datainto an Excel worksheet;the Temp . Tamp " Hardness
data must be in adjacent columns with the oy M B8
first cell containing the name of the variable. 1655 mes| 338
1640 1105 326
. ) 1640 105 327
2.  Select the first cell in the data range. 1680 1170 161
1640 1210 287
1660 1255 ina
1670 1320 288
1670 1200 347
3. Select “Correlation” in the Statistical Tools T Desc Stats £ Conrelation
panel of the SPC for Excel ribbon (the ninth oS s Tisis TP NonParametric
¥ Multiple P SSES Misc. Tools
panel from the left). ultiple Processes 2 Misc. Too
Statistical Tools
4, Select “Correlation Coefficients.” \
" Correlation Coefficents " Scatter Plot Matrix
" Failure Mode and Effects Analysis Template " Waterfall Chart
" Plot Multiple ¥ Variables Against One X Variable " BACI Charts
Help Cancel
. orrelation Coefficients *®
5.  Ensure that data range is correet: Comeation Coeficent
Select range containing the data induding the headings:
| $AS1:6C520
6.  Select “OK” to generate the output.\\_}
7.  Questions? Select “Help.” /
The output is a table showing the correlation R/Prob Hardening Temp. Tempering Temp Hardness
Hardening Temp. 1 0.661 -0.44
coefficient (R) and the probability that it is significant; 0 0002 006
i . . X Tempering Temp 0.661 1 -0.662
if the probability is less than 0.05, the result is turned 0.002 0 0002
Hardness -0.44 -0 662 1
red. 0.06 0.002 0
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Correlation Techniques Links
Correlation Techniques Help Links:

e Correlation Coefficients

e Failure Mode and Effects Analysis

e Plot Multiple Y Variables Against One X Variable

e Scatter Plot Matrix

e Waterfall Charts

e BACI Charts

e Video highlighting correlation techniques using SPC for Excel

SPC Knowledge Base About Correlation Techniques:

e Failure Mode and Effects Analysis
e Waterfall Charts

e Correlation Analysis

e Scatter Plot Matrix

s
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Nonparametric Techniques

Many statistical methods require the assumption of normally distributed data. This assumption often does not
hold. In addition, some sample sizes are so small that you can't verify if the distribution is normal.
Nonparametric statistical methods do not make too many assumptions about the population from which the
sample is drawn. SPC for Excel contains the following nonparametric techniques:

e One sample sign test: used to estimate the population median and compare it to a target median.

e One sample Wilcoxon signed rank test: used to estimate the population median and compare it to a
target median.

e Mann-Whitney Test for Two Samples: used to determine if there is a significant difference in the
medians of two samples.

e  Kruskal-Wallis Test for Multiple Samples: used to determine if there are significant differences in the
medians of multiple samples.

One Sample Sign Test

Example: A thermostat is used in an electrical device. Ten thermostats were tested to determine their actual
settings versus the design setting of 200 °F (Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop,
Prentice-Hall, 2000).

1. Enter the data into an Excel worksr;//—/‘ Sump
2034
200.5

2025

2. Select the first cell in the data. 206.3
198
3.  Select “Nonparametric” in the Statistical T Desc. Stats £ Correlation
Tools panel of the SPC for Excel ribbon (the S S

ninth panel from the Ieft) B Multiple Processes 4% Misc. Tools

Statistical Tools

4.  Select One Sample Sign Test. \ NonParameic Tests
" One sample Sign Test " Mann-whitney Test for Two Samples

" 0One sample Wilcoxon Signed Rank Test ™ Kruskal-wallis Test for Multiple Samples

One Sample Sign Test Input *

5. Ensure that data range is correct. _
Data Range with Heading: ‘ SASL:SAS11 J

> Specified Median: 200 ™ Indude Confidence Interval

6.  Specify median.

Type of Test,

Alpha
7.  Change options if desire. "
Help Cancel

Qutput
Options

8.  Select “OK” to generate output.

9.  Questions? Select “Help.”

The output from the one sample sign test is given below. The decision is given at the bottom. It is based on the
p value. If less than 0.05 the null hypothesis is rejected; if greater than 0.05, it is accepted.
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Nonparametric Help Links

e One Sample Sign Test

Sign Test for Settings

Hp: m=myp

Hqy: m <> my
Median (m) 201.75
Alpha 0.05
Specified Median (mg) 200
MNumber Below my 2
Mumber = mg 0
Number Above my g
Sample Size (Less = myp) 10
p Value 0.1094

The null hypothesis is accepted.

There is no evidence that the median does not equal 200.

e One Sample Wilcoxon Signed Rank Test

e Mann-Whitney Test for Two Samples

e Kruskal-Wallis Test for Multiple Samples

e Video highlighting nonparametric tests using SPC for Excel

SPC Knowledge Base Nonparametric Techniques:

e Nonparametric Techniques for a Single Sample

e Nonparametric Techniques for Comparing Processes

—
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Miscellaneous Tools

SPC for Excel contains the following miscellaneous statistical techniques:

Chi Square Goodness of Fit Test: used to determine if a set of data fits a particular distribution.

Chi Square Test for Association: used to determine if there is any association between two variables.

Side by Side Histogram: used to compare results.
Iltem Analysis: used to test how reliable the questions are on a survey.
Random Number Generator: generates random number from one of 13 distributions.

Each of these, except the random number generator, are unique in the way data are entered into the
worksheet. Please see the help links below for information.

Miscellaneous Tools Help Links

Chi Square Goodness of Fit Test @

Chi Square Test for Association
Side by Side Histogram

Iltem Analysis
Random Number Generator
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Utilities
The “Utilities” panel on the SPC for Excel ribbon contains two options:

e Select Cells
e Fix Shade

“Select Cells” is used to quickly select a range of cells. Put your cursor in a cell and then select “Select Cells” and

all the filled cells below the active cell are selected.

“Fix Shade” is used to fix the shade in a histogram. The shade in a histogram can change if it is opened in
another version of Excel. The fix shade option repairs this.

Export Charts to Word and PowerPoint

SPC for Excel can export one or more charts to Word and PowerPoint. You select the chart(s) 8% PowerPoint

you want to export and then select either Word or PowerPoint from the “Export” panel on the = Word

SPC for Excel ribbon. Selected charts are exported to Word or PowerPoint. F:ma:
HpOr

The “Format” on the Export panel controls if the chart is exported as a picture (no changes can be made) or a
Microsoft Office Graphic Object (changes can be made).

Export Chart Format *

When exporting charts to PowerPoint or Word,
what format should be used?

" Microsoft Office Graphic Object

Note: this export function only works with PC versions of Excel. It does not work with Mac Excel 2016.

73



Program Update, Help, About SPC for Excel

The Help panel on the SPC for Excel ribbon contains items: #% Program Update
e Program update &) 5PC Help
e SPCHelp (D About SPC for Excel
Help

e About SPC for Excel

Selecting “Program Update” opens the form below. You can check to see if a new build is available.

1.  Lists how often the program checks for new SPC for Excel Version 6 X
bUlldS, the tlmlng can be Changed' This program will check our website to see if a new

build of the program is available. If there is a new
build, you will be given the option to download it.
There is no charge for the new builds. Select how
frequently you want to use to check for new builds

below.
. . . B Check for Program Updates
2. Option to check for a new build; if present,
. . . " weekly

the program will direct you to the website

where the latest build can be downloaded; ' Monthly

this build only works if the program is already " Never

installed. SA

¥ Check now for new build

Your current version/build is listed. o
\> Your current version is 5.0.0.0

Cancel

Note: the program update does not work with the demo program.
Selecting “SPC Help” opens the on-line help.

Selecting “About SPC for Excel” opens the screen that occurs the first time SPC for Excel opens. It includes the
four aids to help someone learn to use the software.

About SPC for Excel X

Welcome to SPC for Excel!

SPC for Excel is a statistical analysis package
created and distributed by BPI Consulting, LLC.
There are four aids to help you learn to use the
package.

1. Use the "Getting Started with SPC for Excel" guide and the workbook
designed to go with the guide. Both documents accompany the software
and can be found in the "SPC for MS Excel” folder under your Documents
folder after installation.

2. Watch videos for the various techniques. These videos wil give you an
overview of how each techingue is used. Select the link below to see a list of
videos available.

Videos Link

3. Use the on-line help. This help provides the details of how to use all the
technigues in the SPC for Excel software. There are example data workbooks
that follow the help files. These are stored in the "SPC for MS Excel folder”
under your Document folder after installation.

Help Link

4. Contact us. We will be happy to answer any questions you have.
support@spcforexcel.com

SPC for Excel Web
Version: 6.0.0.0




