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Introduction to SPC for Excel

SPC for Excel is a statistical analysis package that runs as an add-in in Microsoft Excel. The purpose of this guide
is to introduce the most commonly used tools contained in SPC for Excel. It is designed to facilitate the user
utilizing a statistical technique for the first time, i.e., generating the results.

The guide does not include too many details on how to interpret the results. It is assumed that the

user has some background knowledge about the statistical technique they want to use. However,

the SPC for Excel website (www.spcforexcel.com) contains an SPC Knowledge Base. This Knowledge &
Base contains over 150 articles about the various techniques contained in the SPC for Excel -y
software. Links to the SPC Knowledge Base throughout this guide are denoted by the icon to the

right. These links will help you develop a more in-depth understanding of the statistical techniques

used in the software.

Using the “Getting Started” Guide

The table of contents lists the various techniques covered in this guide. The order of topics follows the SPC for
Excel ribbon layout. The data used in the examples in this guide are included in the workbook “SPC-for-Excel-
Example-Data-for-Getting-Started.xlsx” that was part of the software download. The workbook was saved in the
SPC for MS Excel Examples folder under Documents for PC users. For Mac users, it is located in the folder where
the software was unzipped. It is also available on-line at this link.

The user is encouraged to use the example workbook in conjunction with this guide. Open the workbook and go
to the tab for the statistical technique. The data there matches what is used in this guide.

This guide does not cover all the options or techniques in the SPC for Excel software. There are in- :
depth help files available for all the techniques at this link. There are also on-line videos for the e
techniques at this link. These videos give an overview of how to use the technique. Links to the on-

line help files throughout this guide are denoted by the icon to the right. Selecting the link will take

you to on-line help for the technique.

Overview of How the Software Works

The software is easy to use. The following steps are common to most of the techniques in the software:
e Enter the data into an Excel worksheet.
o Select the statistical technique you want to use from the SPC for Excel ribbon.
e Enter any required information (e.g., chart name).
e Select OK and SPC for Excel performs the analysis.

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


http://www.spcforexcel.com/
https://www.spcforexcel.com/Downloads/SPC-Example-Data-for-Getting-Started.xlsx
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/spc-software/statistical-tools-spc-for-excel
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 (except for Mac
Excel 2011). The SPC for Excel ribbon is divided into 12 panels. The statistical techniques are accessed through
these panels.

SPC For Bxcel Insert  Draw  Pagelayout  Formulas  Data  Review  View  Developer U Tell me what you want to do

I, Frequency il Basic = Attribute I Cpk 3 Update Charts | Scatter i, MsA ., Normal Probability ™% Desc. Stats ) Correlation @ select Cells Q¥ PowerPaint & Program Update
Defect ab Multiple == Variable {l Multiple Cpk 3§ Options ¥ Fishbone ‘0O poe “a Data Transformation  H, Sample Tests TP NonParametric = # General M Word ) sPC Help
Variable # Group M Actions [ Non-Normal Ppk ¥ Regression 55, ANOVA |7 Distribution Fitting 3 Multiple Processes  # Misc. Tools Format (D) About SPC for Excel
Pareto Histograms | Control Charts  Process Capability Updating/Options | Cause and Effect  Analysis Distributions Statistical Toals Utilities Export Help

The title of the category is given at the bottom of the panel. The various techniques in that category are listed
on the panel.

N Cpk
. \ Statistical techniques

S Multiple Cpk <

/ included
Process capability JA. Non-Normal Ppk

panel — »  Process Capability

One technique from each panel is covered in this guide. For example, for the Process Capability panel, how to
perform a Cpk analysis is explained. The other techniques are listed with links to their help pages and articles in
the SPC Knowledge Base if applicable.

Opening SPC for Excel the First Time

The screen below is shown the first time you open SPC for Excel. The screen describes four ways you can learn
to use SPC for Excel.

About SPC for Excel x
Welcome to SPC for Excel!
EaSyErellcaarialanayaghaions SP 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 FOR. x E
the package. P

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 techniques. These videos will give you an ‘_/ On-l | ne VIdeOS
overview of how each techinque 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

techniques in the SPC for Excel software. There are example data <4— _li Q
wiorkbooks that follow the help files. These are stored in the "SPC for MS On llne hel
Excel folder" under your Document folder after installation.

Help Link
4. Contact us. We will be happy to answer any questions you have.

supperi@spcforexcel.com <«— Su pport e-mail

SPC for Excel Web

Version: 5.0.1.5


https://www.spcforexcel.com/spc-software/statistical-tools-spc-for-excel
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
mailto:support@spcforexcel.com

You can access this screen at any time by selecting “About SPC for Excel” in the last panel of the SPC for Excel
ribbon.

Note: help can also be accesses by selecting the Help Frequency Pareto Chart %
button that appears in the lower left-hand corner of the s
Categories: SAS1:SAS17 - Freguendies: $BS1:BS17 -

input forms used in the software.

¥ Data has headings

Chart Is it
art Inpu Categories in:
Mame of Chart: Returns Pareto| + One Column " One Row
Cumulative Line?
{* Yes " Mo I indude Other Category for Frequendes <=:
Options

Titles, Dates, Category Axis
Help Cancel



Pareto Diagrams

A Pareto diagram is a special type of bar chart that is used to separate the "vital few" from the "trivial many." It
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.

The SPC for Excel software has three different options for a Pareto diagram:
e Frequency: creates a Pareto chart based on categories and frequencies.
o 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 A B

into the worksheet. | product Returns per

Week

2. Select first cell containing the title or data.

wmu#wm\

O MO0 m
L= =

3. Select “Frequency” from the Paretopanel > |, Frequency

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



4. Ensure the categories and frequencies Frequency Pareto Chart X
ranges are correct. \‘ -

> Categories: I SAS1:5AS17 _I Frequencies: I $B5$1:58517 -
. . P [“Datahashead
5. Check if data has headings. P s eadeos
Chart Input Categories in:
Name of Chart: Returns Pareto| ’7(5‘ OneColumn  {” One Row

6. Enter the name of the chart (e.g., Returns

Cumulative Line?
Pa reto)- ¥ Yeg i Mo [ Indude Other Category for Frequencdies <=:

Options
7. Select OK. Titles, Dates, Category Axis
. Hel oK Ci |
8. Questions? SelectHelp. —  ——— e | Lo ] o
Pareto Chart
90 + 100% -+ 100%
- 90%
80 +
- 80%
70 -
- 70%
60 +

+ 60%

(%)
o
I

+ 50%

Frequency
Percent

N
o
I

+ 40%

w
o
I

+ 30%

N
o
I

" 29
18
+ 20%
12
1 10%
3
: : : S
c B A D

Problem

10 +

A Pareto diagram is easily updated by adding the new data below the existing data and selecting “Update Chart”
from the Updating/Options panel on the SPC for Excel ribbon.

Pareto Diagram Links

Links for more help on Pareto diagrams:
e Frequency Pareto Diagrams 4
e Defect Pareto Diagrams 0
e Variable Pareto Diagrams \_{/
e Video highlighting using Pareto diagrams with SPC for Excel

SPC Knowledge Base links to learn more about Pareto Diagrams:
e Pareto Diagrams
e Using Pareto Diagrams and Control Charts Together . B



https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html?FrequencyParetoCharts
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html?DefectParetoChart
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html?VariableParetoChart
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

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.

1. Enter the data into the worksheet; it can be i [

. 1 |% Converlion
one column or one row or multiple columns 5 q
and rows. 3 | 69.4
4 65.5

2. Select the first cell containing the title or 2 70.4

data 3] 70.4
3. Select “Basic” from the Histogram panel on » illl Basic

the SPC for Excel ribbon (second panel from i Multiple

Ieft). fk Group

Histograms
4. Ensure the data range is correct. Histogram e
\a:ges

5. Enter a name for the chart (e.g., batch pata: | sasz:easios =

conversion). \tmm

Mame of Chart: | batch conversion

6. Change options if desired. bata n:
\ @ Columns " Rows
7. SeleCt OK. Options Hide Options
Descriptive Tities, ‘ Specs, Classes,

8. Questions? Select Help. \ escrpti Rounding, Norinl, Classes, ‘
Dates Distribution
Help Cancel

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

The options for the basic histogram can be accessed by selecting “Show Options” when the form above is first
displayed. 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 above. The
options for the basic histogram are shown below.

Descriptive Statistics Histogram Descriptive Statistics x
e Options to show all, none or select which Desariptive Statistics Options
StatIStICS tO ShOW on the hIStOgram . * yes (Al) " No " Select/Change Which to Indude

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
T[tles’ Round[ng’ Dates Histogram Titles, Dates and Rounding x
e Enter title and axis labels. Histogram Title: | Histogram]
e Enter dates of data collection (optional). ¥-Axis Label; | Frequency
e Control rounding for descriptive statistics by -Axis Label; | Messurement
entering the number of digits to right of Dates of Data Collection
declmal Start: | End: |

MNumber of Digits to Right of Decmal: 1

11



Specs, Nominal, Distribution
e Enter the specifications and nominal (all
optional).
e Options for distributions (none, normal, non-
normal).
o 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 X

—

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 and/or the

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

Cancel

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

Descriptive Statistics

Batch Conversion P
lean=70
Standard Error=0.2
25 Median=70
Standard Deviation=2
22 USL=80 Variance=4
—_— Sum=7001.5
20 Count=100
20 | Maximum=75.5
N Minimum=65.5
Range=10
Kurtosis=0.2932
6 Skewness=0.2455
15 14
9
c
[T
3
o
2
“ 10
8
6
5 4
— 3
0 1
62 64 66 68 70 72 74 76 78 80 82
Measurement

The histogram is easily updated with new data by adding the new data below the existing data and selecting

“Update Chart” from the Updating/Options panel on the SPC of Excel ribbon.
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Histogram Links

Links for more help on histograms:
e Basic Histogram
e  Multiple Histogram
e Group Histogram
e Video highlighting using histograms in SPC for Excel

SPC Knowledge Base links to learn more about histograms:
e SPC Knowledge Base Article: Histograms — Part 1
e SPC Knowledge Base Article: Histograms — Part 2

<
N

s

13


https://www.spcforexcel.com/spc_for_excel_v5_help/index.html?BasicHistogram
https://www.spcforexcel.com/spc_for_excel_v5_help/MultipleHistogram.html
https://www.spcforexcel.com/spc_for_excel_v5_help/index.html?GroupHistogram
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, which means 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) is shown below.

K L
Sample identifiers enteredin  ——— | pay  contaminant Data: individuals results entered in
column K. Number {ppm) column L
/ 1 11.4
2 9.4
The software uses these to ) 125
identify each sample, define 4 14.6
control limits, split control limits, 5 14.4
remove points from calculations, 6 13.2

etc.

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 c D E
Subgroup identifiers in ﬁsﬁ:i?:rp Bag! Bag2 Bag3 Bag4 ¢  DataincolumnsBtoE fora
column A. 1 s052 5009 4950  spag  subgroup size of 4.

2 20.27 49.36 30.18 20.70
3 50.47 50.13 49.71 49.59
4 49.86 50.19 50.35 49.87
5

1
2
3
4
5
6 49.62 49.39 50.12 50.19

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. Enter the sample identifiers and data into A B
the worksheet. 4| Day | contaminant
,/,»/”’W Number (ppm)
2. Select the first cell containing the title or 5 1 114
data. 3 2 9.4
4 3 12.5
5 a 14.6
6 5 14.4
3. Select “Variable” from the Control Charts == Attribute
panel on the SPC for Excel ribbon (third = ————————————p = Variable
panel from the left). A Actions

Control Charts

4. Select “Individuals Charts.”

Type of Chart

" Subgroup Charts
RLE ¥ Chart
mR. Chart

5. Select “X-mR Chart.”

@+ Individuals Charts Table ¥-mR
z-mR. Chart
Run Chart
(" Between/Within Charts Levey-Jennings Chart

Mon-Normal X-mR Chart

Non-Normal X Chart
" Time Weighted Charts on-tarmal & thar

" Multivariate Charts

Help Cancel

6. Ensure the ranges for the sample

identifiers and the data are correct. o
Samp\e Identifiers: SAS2:5A821 - Data: $B§2:8BS21 -
Chart Input
7. Enter the name of the chart (e.g., —————————» temcofcrat [Comomnart
Sample Identifiers & Data Automatic Updating of Limits?

Contaminant).

* In One Column @ Yes " Mo
8. Option to update limits with new data or /h%/'

Options Hide Options

Out of Control
Tests

not to update limits with new data

Control Limit
Options

Titles and
Formats

Box-Cox
Transformation

9. Select any options you want to change. Manual Conteel

Process
Capabilty
Limif

10. Select OK. = > Conce

11. Questions? Select Help. /

Chart Location




X Chart

22 - Out of control points are in red.
20 1 UCLE20.2 == - == o oo oo -
18 -
£14 - o
L
212 L agm117 A |
& 10 -
']
. V V
6
4 -
P LCL=3,2 -~
2 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
mR Chart
12
FUCLE10.4 ==
10 -|
8 -
()
&2
&
w 6
£
3
s
4
- Avg=3.2 \/ /\
21 Estimated value of the standard
deviation is given here.
0 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 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 conpe s [FER——] o [m ]
chart but most are very similar. When a control chart is first Chart Tnput

made, the options will be hidden. To unhide the options, select
the Show Options button.

The options for the individuals control chart are given below.

Mame of Chart: testmmm

Automatic Updating of Limits?
(¥ vYes " No

Sample Identifiers & Data

% In One Column

" In One Row

Options

Show Optians

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.

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).

| Point beyond the control limits
Set Selected Tests

as Defaults
v k points in a row trending up or down

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

v k out of k+1 paints in Zone B or beyond*®

[v k Points in a row in Zone C or beyond {one side of avg.)

Plot 1and 2 Sigma
W Lines ( for zone
tests)

[v Stratification Test: k points in a row within Zone C*

*These apply to
Xbar or X chart only

Base Control Limitson +/- | 3 Sigma

[v Mixture Test: k points in a row with none in Zone C*

[v Owercontrol: k points in a row alternating up/ down

[ ]

Additional Lines for X Chartat Sigma and Sigma

[ check for Trends

Target for Average:
LsL: UsL:

Sigma is estimated from the moving range with n = 2

Specifications:

X Chart Title & Y Axis Label:

Title: X Chart

Y-Axis Label: | Sample Result

" In Chart Title

mR Chart Title & Y Axis Label:

Print Average Limits:

@ On Avg. and Limits

Dates of Data Collection

Title: mR Chart Start:
¥-axis Label: [ Moving Range End:

Reunding 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.

Allow Values Below 0?7
(¥ ves " No

Enter Average and Sigma [~ Enter X Chart Limits

Average: .
Sigma:

Program uses these values if LCL:
presnt for the average (or
median) and sigma instead of
the calculated values.

Center Line:

11

Additional Lines for X Chart
First Second

o

(" Charts on Separate Chart Sheets
™ Chart Objects on This Worksheet

(% Chart Objects in New Worksheet

ucL:

Center Line:

LCL:

AR EFEEEE

Cancel

—

[~ show Last K Points Orly:

Cancel

[™ Enter mR. Chart Limits

11
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Box-Cox Transformation

e Perform Box-Cox transformation. I™ Use 8ox-Cox to Transform the Data
e Use optimal or rounded lambda. Options for Lamioda
p I " Find optimal lambda between: to
® Enter a ambda' " Find rounded lambda between: to
e Calculate for each split limit. e alnbenbetween Sands |
I Calculate lambda for each split limit
Cancel
Process Capability
° Linked to ContI’Ol Chart; updates [¥ Include Proces Capability Analysis with this Control Chart
when control chart is updated. S '
pedhcations
e Add specifications (only one st | ol T —
required) and nominal. oty et e
e Options — see process capability B B

section of this guide.

Classes, Minimum Cok Statistics Cancel

Updating a Control Chart with New Data

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 > 3 Update Charts

Updating/Options panel on the SPC for Excel # Options
ribbon (fifth panel from the left).

Updating/Options

Charts to Update X

2. Select the name of the chart you want to
update. e

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

3. You have the option to update all chartsin ——
the workbook.

Test

Returns
contaminant 1
Contaminant

cont sep

[~ Update All Charts

4. Select OK and the chart will update with the — > =3
new data.

5. Have questions? Select Help.

Changing Options for a Control Chart

You can change 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:

18



1. Select “Options” from the Updating/Options €3 Update Charts
panel on the SPC for Excel ribbon (fifth panel —————————» 4 Options

from the left).

2. Select the name of the chart you want to
update.

3. Select OK.

Select the chart to change
options.

Updating/Options

Chart to Change Options X

Test

Returns
contaminant 1
Contaminant

cont sep

4. Have questions? Select Help. \

5. The original input form is shown.

6. Options can be changed here.

Editing an Existing Control Chart

X-mR Control Chart X
Ranges
Sample Identifiers: SAS2:8A821 - Data: $B$2:4B8621 -
Chart Input
Sample Identifiers & Data Automatic Updating of Limits?

= & Yes " No

Options

Out of Control
Tests

Control Limit
Options

Formats

Titles and ‘

Manual Control
Limits

Box-Cox

Process
Capability
Transformation

Help oK Cancel

Chart Location

There are a lot of edits you can make to an existing control chart including, but not limited to:

e Change the titles and axis labels on the
chart.

e Change the size of the lines/markers.

e Change the color scheme for the chart area
and/or plot area.

e Add text boxes.

You can essentially 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 points. They will always be in red.

Some examples of changes are shown in the chart
to the right.

22 4

2

1

i
IS

=

My New Y Label
=
o

0

8

N

)

@

IS

My New Title

| Ay
I A
VARRYA VA=V

T — T
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).\ Z= Variable
A Actions

The “Control Chart Actions” form is shown.

Control Chart Actions

Single Point Actions
Split Limits/Remove Points/Start Chart

" isplit/Remove split control limits at this point

¢~ Remove fromfadd back this point to the
calculations

Add or Remove Comments

" Add or replace comment for this point

{” Delete existing comment for this paint

Chart Actions
Axis/Size Reset

" Resize charts to fit screen

" Reset chart's value axis

The actions are divided up 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.

Control Charts

Multiple Point Actions

¢~ Remove all points beyond the control limits
from the calculations

¢~ Add back all peints beyond the control limits to
the calculations

¢ Select subgroup (sample) range on which to
base average and control limits

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

Worksheet Actions
" Make subgroups from single column
Far 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

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.

20



X Chart
42

40 -UCL=40.1 A
=1 A

36
1. You want to split the control ol \/ \\{//\

limits at this point.

x Avg=28.8

~ A

] A S
VY

=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.

3. Select “Actions” from the #= Attribute
Control Charts panel on the \ == Variable
SPC for Excel ribbon (third A Actions
panel from the left). Control Charts

4. Select “Split/Remove split Control Chart Actions
control limits at this point.” a—

Spiit Limits/Remove Points/Start Chart

¥ Split/Remave spit control limits at this paint

5. Select OK and the control ~ Remove fram/Add back this point to the

calculations

chart is updated with split add or Remave Comments
. . " Add or replace comment for this point
control limits.

" Delete existing comment for this point

45 4

35 :Avg=35.z\/ \\/
. “UCL=32.3

30 4

RV

15 4

SLOL=12.3

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 by selecting the point where the limits are split and repeat the steps

above.

Removing Points from the Calculations

You can add/remove points from the calculations. For example, if you know the reason for the out of control
point, you can remove it from the calculations. The procedure is essentially the same as splitting control limits.

Select the point you want to remove from the calculations.
Select “Actions” from the Control Charts panel on the SPC for Excel ribbon (third panel from the left).
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

" SplitfRemove splt control limits at this peint

f+ Remove from/Add back this point to the
WRIUBEONS

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 steps above.

Adding Comments

You can add/remove comments on a control chart.

1.
2.
3.

Select the point to which you want to add a comment.
Select “Actions” from the Control Charts panel on the SPC for Excel ribbon (third panel from the left).
Select “Add or replace comment for this point”.
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4.
5.

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

™ split/Remove split contrel limits at this point

~ Remove from/Add back this point to the
caloulations

Add or Remove Comments

¥ Add or replace comment for this point

| new comment]

/ 1" Delete existing comment for this point

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 steps above but 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
through these steps.

Remove All Points Beyond the Control Limits from the Calculations

All the points beyond the control limits will be removed from the calculations. This may generate new out of
control points.

PwNPR

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.

Add Back All Points Beyond the Beyond the Control Limits to the Calculations

The control chart will be updated with all points added back to the calculations.

Pwne

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.

Actions on Control Charts Links

Links for more help on the various actions on control charts:

Splitting Control Limits

Add/Removing points from the calculations

Adding/Replacing/Removing comments

Remove from/Add back all points beyond the control limits from the calculations e
Select subgroup (sample) range on which to base average and control limits \\y
Select subgroup (sample) identifier at which to start chart

Resize charts to fit screen
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https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/spc_for_excel_v5_help/SplitControlLimits.html
https://www.spcforexcel.com/spc_for_excel_v5_help/RemoveAddBackPointToTheCalculations.html
https://www.spcforexcel.com/spc_for_excel_v5_help/RemoveAddBackPointToTheCalculations.html
https://www.spcforexcel.com/spc_for_excel_v5_help/AddRemoveDeleteComments.html
https://www.spcforexcel.com/spc_for_excel_v5_help/RemoveAddBackAllPointsBeyondTheControlLimits.html
https://www.spcforexcel.com/spc_for_excel_v5_help/RemoveAddBackAllPointsBeyondTheControlLimits.html
https://www.spcforexcel.com/spc_for_excel_v5_help/SelectRangeOnWhichToBaseAverageAndControlLimits.html
https://www.spcforexcel.com/spc_for_excel_v5_help/SelectStartingPointForTheChart.html
https://www.spcforexcel.com/spc_for_excel_v5_help/SelectStartingPointForTheChart.html
https://www.spcforexcel.com/spc_for_excel_v5_help/ResizeChartsToFitScreen.html

Reset chart’s value axis

Make subgroups from single column

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. a

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 a link to go to the help page for that control chart.

p control charts Attribute Control Charts % np charts
\ A /
c control charts u charts

" cChart (" u Chart

\ " ip Chart! " np Chart / U Lhdits

g control charts  >
" g Chart

Help | 0K | Cancel

SPC Knowledge Base links to learn more about attribute control charts:

p Control Charts
¢ Control Charts
np Control Charts

u Control Charts i

g Control Chart A1
e o

Small Sample Case for p and np Control Charts <

Small Sample Case for c and u Control Charts
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:

Subgroup Chart
Individuals Charts
Between/Within Charts
Time Weighted Charts
Multivariate Charts
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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/spc_for_excel_v5_help/ResetChartsValueYAxis.html
https://www.spcforexcel.com/spc_for_excel_v5_help/MakeSubgroupsFromSingleColumn.html
https://www.spcforexcel.com/spc-for-excel/control-charts
https://www.spcforexcel.com/spc_for_excel_v5_help/pChart.html
https://www.spcforexcel.com/spc_for_excel_v5_help/cChart.html
https://www.spcforexcel.com/spc_for_excel_v5_help/gChart.html
https://www.spcforexcel.com/spc_for_excel_v5_help/npChart.html
https://www.spcforexcel.com/spc_for_excel_v5_help/uChart.html
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

Subgroup Charts

The subgroup charts available are shown below. Select a link to go to the help page for that chart.

X —R Chart

- \“‘WW\
X-sChart —/ 77— |

" Individuals Charis _»
R Chart Aﬂ/i
gen/Within Charts
s Chart / " Time Weighted Charts

Variable Control Charts

X Median-R Chart

Median Chart

" Multivariate Charts

Help

¥bar-R Chart
¥bar-s Chart
¥bar Chart

R Chart

s Chart
Median-R Chart,
Median Chart

i

cove |

SPC Knowledge Base links to learn more about control charts with subgroups:

Xbar-R Charts - Part 1

Xbar-R Charts - Part 2

Chunky Data and Control Charts

Xbar-s Control Charts - Part 1

Xbar-s Control Charts - Part 2

Rational Subgrouping and Xbar-R Charts
Rational Subgrouping and Xbar-R Charts - Part 2
SPC, Rational Subgrouping, and Golf

SPC and Rational Subgrouping

Individuals Charts

The individual charts available are shown below. Select on a link to go to the help page for that chart.

X-mR Chart

X Chart
mR Chart ———— | | = ‘vdeisChas

I
Between/Withi rts

Table X-mR

z-mR Chart

Variable Contrel Charts

re——

Wﬁaﬁs\»

I

/

Help

” Time Weighted Charts

" Multivariate Charts

X Run Chart

X Chart
mR. Chart
Table X-mR.
z-mR. Chart

Levey Jennings Chart
Run Chart
Levey-Jennings Chart

/ Non-Normal X-mR Chart
Non-Normal X-mR Chart

Non-Normal ¥ Chart 4 NOn-NOrmaI X Chart

Cancel

SPC Knowledge Base links to learn more about individuals control charts:

Individuals Control Charts
Chunky Data and Control Charts

Rare Events and X-mR Charts
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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/spc_for_excel_v5_help/Xbar-RChart.html
https://www.spcforexcel.com/spc_for_excel_v5_help/Xbar-sChart.html
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/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

e Control Charts and Non-Normal Data

e Comparing Individuals Charts to Attribute 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 the link below to go to the help page for that chart.

Variable Control Charts X

— Type of Chart ———————

X—=mR - R Chart

€~ Subgroup Charts ¥-mR-R Chart

/r X-mR-5 Chart
Individuals Charts

X —mR -s Chart ]

” Time Weighted Charts

@ " Multivariate Charts
A\~ o |

Cancel
SPC Knowledge Base link to learn more about between/within control charts:
¢ X—mR-R (Between/Within) Control Chart -
-
. . I |
Time Weighted Charts
There are three time weighted charts available. Select the link below to go to the help page.
Variable Control Charts *
— TypeofChart —————
Moving Average/Moving Range Chart ey [ Rvrsoe i o
CUSUM Chart
EWMA Chart
/ ~ Between/Within Charts
CUSUM Chart % Time Weighted Charts
" Multivariate Charts
g Help | Cancel |
SPC Knowledge Base links to learn more about time weighted control charts:
e Keeping the Process on Target: CUSUM Charts
e Keeping the Process on Target: EWMA Charts o
-
B |
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https://www.spcforexcel.com/spc_for_excel_v5_help/CUSUMChart.html
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https://www.spcforexcel.com/knowledge/variable-control-charts/keeping-process-target-ewma-chart

Multivariate Charts

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

Select this link for help on the T2 chart: T2 Chart / l

Variable Control Charts

— Type @
" Subgroup Charts
" Individuals Charts
" Between/Within Charts

” Time Weighted Charts

% Multivariate Charts

Help |

T2 Chart

=
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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 Ji Cpk

provides the process capability statistics (Cpk, Ppk, sigma level, etc.). Ji Multiple Cpk
o Multiple Cpk: creates multiple Cpk charts at one time from a table of data. % Non-Normal 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. Enterthe datainto the worksheet;itcanbe = » A

in column or rows.
109.3

58
113.6
113.5
84.9

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

e

3. Select “Cpk” from the Process Capability - ——————» Nl cpk
panel on the SPC for Excel ribbon (the fourth M Muttiple Cpk
panel from the left). [\, Non-Normal Ppk

Process Capability
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4. Ensure data range is correct. Process Capability

I—

5. Enter a name for the chart.

Data: | SAS2:5AS31
Chart Input
Mame o : ‘ Cpk X

6. Option to add a capability results table to i
summarize all capability results in the Speafcaions
workbook.

Change options if desired. \

8. Select OK.

Mominal 100

usl | 130]

9. Questions? Select Help.

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

\

Within Variation:
(solid line)

Cp=0.81

Cpk=0.76

Cpu=0.76

Cpl=0.86

Est. Sigma(0)=12.37
PPM>USL=11442.53
PPM<LSL=5037.15
Total PPM=16479.68
Sigma Level=2.275

Overall Variation:
(dashed line)
Pp=0.89

Ppk=0.83
Ppu=0.83

Ppl=0.94
Sigma(s)=11.27
PPM>USL=6227.26
PPM<LSL=2355.18
Total PPM=8582.44
Sigma Level=2.499

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

Capability Analysis
14
12
LSL=70 Nom=100 UsL=130
10 -
/ \\\
\
/// i \\
3 8 - // \
c /
o / L
=] Y T
o \
[ / \
T 6
\\
/ \
4 - /// \\
7/; R
/ \
2 T /// \\\
// \\\
0 " P
60 80 100 120
Measurement

Options for Process Capability (Cpk)

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

. e e . Options _ e Optons
either as it is being first made or after it has been created.
When the process capability chart is started, the options will be Plot & Sigma Opts, Tites, Dates, o s
Conf, Limits Target
hidden. To unhide the options, select the Show Options button.
m'ﬁ:ﬁ;‘:‘"‘ Transform Data Classes, Minimum

The various options are shown below.

- |

o] ol
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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.
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.

Cpk Chart Options

Normal Curve Options

Plot Normal Curve Based on:

[v {Estimated Sigma ™ Indude +/- 3 Sigma Lines
v Calculated Sigma ™ Indude +/- 3 Sigma Lines
Plot Average? Shade Histogram?
" Yes o Yes
* No " No

I Confidence Limits for Cpk and Ppk CU”ﬁO‘jE”EE Limit
ptions

Far subgroups, estmate sigma using:

" Pooled Variance
{+ Average Subgroup Range
" Average Subgroup Standard Deviation

For individual values, standard deviation is estimated
from moving range = 2.

Cpk Chart Options

Chart Title: | Capability Analysis|
‘f-Axis Label: | Fregquency

¥-Axis Label: | Measurement

Dates of Data Collection

Start:
End:

Target:

Select Statistics te Include

Within Variation Between Variation
¥ cp I Fp ¥ Average
¥ cpk ¥ Ppk [¥ Count
¥ cpu W Ppu [¥ Mo. Out of Spec
Iv cpl i ppl

Set as Default
[v Estimated Sigma ¥ sigma (s)

¥ ppm=USL W pem=UsL
[V PPM< LSL ¥ pPM<LSL
[V Total PPM W Total PPM
¥ Sigma Level ¥ sigma Level
Historical Average and Sigma, Outliers X

Enter Historical Average and Sigma

Average:
Sigma:

Program uses these values if present for the average

and sigma instead of the calculated average and
estimated sigma from the range chart.

Remove Qutiiers?
o s\‘as: Beyond +/- Sigma

" Mo

Jﬂa"c‘ﬂ

[V Check All or Uncheck All
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Data Transformation
e Options to transform the data using Box-Cox
(shown to the right) or Johnson
transformations.

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

Process Capability Links

Links for more help on process capability:
e Cpk
o  Multiple Cpk
e Non-Normal Ppk
e 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 X

or Enter One or Both of:

l—
[ Enter dass width:
l—

I~ 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 and/or the

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

e Video highlighting non-normal process capability in SPC for Excel

SPC Knowledge Base links to learn more about on process capability:
e Process Capability - Part 1
e Process Capability - Part 2
e Process Capability - Part 3
e Cpk Improvement Methodology
e An Interactive Look at Process Capability
e Cpk Alone is Not Sufficient
e Cpkvs Ppk: Who Wins
e 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

€ Update Charts

These two features are accessed by selecting the “Updating/Options” panel in the SPC for A Options

Excel ribbon (the fifth panel from the left).

Updating/Options
If the “Update Charts” option is selected, the software will find new data that has been

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.

For help on updating/changing options, please see these links:

e Updating chart with new data

e Changing chart options \g
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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.

1. Enter the data into an Excel worksheet.

Sample Temperature Steam Usage

3 x
4 35.3 10.98
3 2 29.7 11.13
2. Select the X and Y values. 3 3 30.8 12.51
T 4 58.8 3.4
8 3 61.4 9.27
3. Select “Scatter” from the Cause and Effect ~~——— % | scatter
panel on the SPC for Excel ribbon (sixth panel #F Fishbone
from the left). & Regression
Cause and Effect
4. Ensure ranges for X and Y values are correct. seatter Disgrem
\Rﬂngei
X Values: $B854:5B518 -
5. Enter name of the chart.
¥ Values: SCS48CS18 o
Chart Input
6‘ Change options If dESired' \ Mame of Chart: W ) Rons
Ontiens Hide Options
7. Select OK. [rrcper |
Titles, Dates ‘ Labels ‘ Trends/Equation
ions?
8. Questions? Select Help. \ .

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

chart.

Steam

13 4

12 4

11 4

Steam Usage (Y)

*
6 T T T T T T T T T T )
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 chart title and axis labels.
e Enter dates of data collection (optional).

Labels
e Option to add labels to points on the scatter
diagrams.
o Enter 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

For more help on scatter diagrams:
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-AxisLabel: | Steam Usage (Y)

X-AxisLabel: | Temperature ()

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 links to learn more 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 = Scatter

diagram to do this. W Fishbone
¥ Regression

Select “Fishbone” from the Cause and Effect panel on the SPC for Excel ribbon (sixth panel from the "5

left). A new worksheet containing a blank cause and effect diagram is added.

P—— Select “Add Item” to add an item

Dale Prepered by
Measurement Peaple Environment add 1tem / to the cha r‘t-

Add Sub term

Enter new item

Enter problem or e Enter the item and drag it under

goal hare

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 Links

Links for more help on creating fishbone diagrams with SPC for Excel:

e Fishbone diagrams e
e Video showing how to create a fishbone diagram with SPC for Excel \\y
SPC Knowledge Base links to learn more about creating and analyzing fishbone diagrams: _
e Creating Cause and Effect Diagrams &
e Analyzing Cause and Effect Diagrams b _' P
—~<j
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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
steps of adding the most significant variable or removing the least significant variable.

Example: A distributor wants to know if delivery time is impacts by the number of cases delivered and the
distance (Introduction to Regression Linear Regression Analysis, Montgomery, Peck and Vining).

1. Enter the data into a worksheet; it must be Nfusber Distance DeTl_iverv
. . . . o1 Lases ime

columns with the variable names in the first ; w0l 15ea

cell above the data. 3 220 115

3 340 12.03

4 a0 14.88

2. Select the data. 6 150 13.75
3. Select “Regression” from the Cause and > Scatter

Effect panel on the SPC for Excel ribbon (sixth _ ¥ Fishbone
panel from the |eft) ¥ Regression

Cause and Effect

4. Ensure the Y range and X values range are
Note: First cell in ranges must contain the names of the variables,
correct. \ &.0., X1, X2, ; data must be in columns
\ Enter range containing ¥ values: | $DS5:8DS31 -
5- Select the I"EgFESSIon or StepWISe regression,.\:nterrangecontaimng)(values: $B86:9C831 _
Select Type

{# Regression " Stepuise Regression

6. Select “Options” to change default regression
options. N’

7. Select OK to generate the regression results. — —» e

8. Questions? Select Help.
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.
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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 p Value F
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

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

worksheet.

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.

Regression Links

Links for more help on using regression with SPC for Excel:

e Regression
e Stepwise Regression

e Video highlighting using regression in SPC for Excel

SPC Knowledge Base links to learn more about regression:
e Linear Regression - Part 1
e Linear Regression - Part 2
o Stepwise Regression

Select Option *

" Additional Residual Charts
" Remove Cbservations
" Remove Variables

" Transform Y Values

Help ok | |{Cancel |
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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:
e Crossed Gage R&R: design so that each operator tests each part multiple times.
o Nested Gage R&R: design when the test is destructive and each operator cannot test parts from each

batch.

e Attribute Gage R&R: design so that each operator tests each part multiple time but part is pass/fail.
e Range Gage R&R: design where multiple measurements on the same part are used.
e Bias (control chart method): design where results are compared to a standard using a control chart.
e Bias (independent sample method): design were the results are compared to standard.

There are three options to analyze a crossed Gage R&R Study:
e ANOVA: uses analysis of variance.
e Evaluating the measurement process (EMP): uses the method from Dr. Donald Wheeler.

e Average and Range: uses the method from AIAG.

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 Crossed Gage R&R 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 5 @ M

SPC for Excel ribbon (seventh panel to the Hpoe
left) 85, ANOVA
Analysis
2. Select “Crossed Gage R&R”. Mezsurement Systems x
Gage R&R Study
% Setup Gage R&R Template " Analyze Gage R&R
Crossed Gage R&R
Nested Gage R&R
Attribute Gage R&R
Measurement Systems Analysis
" Range Gage R&R Method " Bias (Control Chart Method)

" Bias (Independent Sample Method)  ( Linearity

Cancel
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10.

11.

12.

13.

14.

15.

Enter the number of operators. Gage R&R Setup X

Mumber of Operators: 3

Enter the number of parts. . Number ofparts: | 5

/ Mumber of Trials: 3
Enter the number of trials.

/ Gage RER Study Title: test]
Enter the Gage R&R Study Title. - Concel

Select OK

A template is inserted into the workbook. ———— o=

Gage Name: Weight Operator 2: Bill

/W” 10/ Operator 3: Fred
Gage Type: Vorrtles

Widget

Weight

Operator 1: Tom

Enter date, gage name, etc. (optional,
yellow).

~

-

&

Enter the operator names (required, green).  m
Operator Trial/Part 1 2 3 4
. Tom 1 0.29| -0.56] 1.34 0.47| -0.8]

Enter the results (required). L : T
Bill ‘1’ 0.08] -0.47] 113 0.01] 0.56
Bill 2 0.25] -1.22 0.94 103 -1.2]
Bill 3 0.07] -0.68] 1.34 0.2| 1.28
Fred 1 0.04] -1.38] 0.88, 0.14| 1.46
Fred 2 -0.11 -1.13 1.09 0.2| 1.07
Fred 3 -0.15] -0.96] 0.67 0.11] 1.45

Select “MSA” from the Analysis panelinthe ___————» i msa

SPC for Excel ribbon (seventh panel from the O ooe

left). 52, ANOVA

Analysis
Select the type of analysis; three options for Measurement Systems x

crossed gage R&R: ANOVA, EMP or average Gage RER Study
and I‘ange. \W (¥ Analyze Gage RER
Crossed: ANOVA Method

Crossed: EMP Method
Crossed: Avg/Range Method

Select OK and the Gage R&R analysis will be Neszd
completed.
Measurement Systems Analysis
& Bage R&R Method " Bias (Control Chart Method)

Questions? Select Help.

" Bias (Ind=pen:

ample Method) Linearity

Cancel

Options in Gage R&R Analysis

There are places to add the process sigma, process average, specifications, and measurement system increment
in the yellow portion of the template. These will create additional analysis results. If you add the process sigma

and the specifications, 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, 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. Please see the
help links below for more details.
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Gage R&R Output

The output from a Gage R&R analysis depends on the 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. Below are a few examples of the
output: the ANOVA table, the variance components chart and the Main Effects chart.

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

Source df 55 MS F p Value
Part 4 28.91 7.227 889.458 0.000
Qperator 2 1.630 0.815 100.322 0.000
Operator*Part 8 0.0650 0.00813 0.142 0.996
Repeatability 30 1.712 0.0571
Total a4 32.32

Variance Components: test
100% -

94.37%

89.06%

90%

80%

70%

60%

® Variance

® 50%

™ Standard Deviation
¥ Tolerance

40% Process Sigma
30%
20%

10%

0%

Total Gage R&R Repeatability Reproducibility Part-to-Part

Main Effects Chart
0.2 -

0.15 4

0.1 -

0.05 UCL=0.06
0 - \\

-0.05 - Avg=-0.06

[J)
o0
©
2o
oo | LCL=-0.17
-0.25 -+
-0.3
-0.35 T )
Tom (0.157) Bill (-0.02) Fred (-0.305)

Operator
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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). Itis recommended that you have one Gage R&R study per workbook as named

worksheets will be reused.

Measurement System Analysis/Gage R&R Links

Links for more help on measurement systems analysis:

SPC Knowledge Base links to learn more about measurement systems analysis/Gage R&R:

Crossed Gage R&R data entry
Nested Gage R&R data entry
Attribute Gage R&R data entry
Average and range method analysis
ANOVA method analysis

Nested Gage R&R analysis
Attribute Gage R&R analysis

Range Gage R&R method

Bias (independent sample method)
Bias (control chart method)
Linearity

Video highlighting using MSA in SPC for Excel

Operational Definitions/Measurements Systems Analysis
Monitoring Test Methods Using SPC

Variables Measurement Systems - Part 1: Stability
Variables Measurement Systems - Part 2: Bias

Variables Measurement Systems - Part 3: Linearity
Variables Measurement Systems - Part 4: Gage R&R
Measurement Systems - Is Yours Any Good

Attribute Gage R&R Studies: Comparing Appraisers
Attribute Gage R&R Studies: Part 2

ANOVA Gage R&R - Part 1

ANOVA Gage R&R - Part 2

ANOVA Gage R&R - Part 3

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

Destructive Gage R&R Analysis

Evaluating the Measurement Process - Part 1
Evaluating the Measurement Process - Part 2
Three Methods to Analyze Gage R&R Studies
Monitoring Destructive Test Methods
Probable Error and Your Measurement System
Specifications and Measurement Error
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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 B, MSA
SPC for Excel ribbon (seventh panel from the —® ‘Dooe
left). 55a ANOVA
Analysis
2. Select the design type (full factorial in this Bxperimental Design Setup ®
examp | E) . Select Design Type for Setup

(% Full Factorial Design (Two Level)
(™ Fractional Factorial Design (Two Level)

(™ Plackett-Burman Design (Two Level)

Cancel
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3. Enter the name of the design. Experimental Design Input

\ Enter Mame for the Design: Etch

4. Enter the number of response variables. —_— Er e

Number of response variables: 1

6. Enter the number of replications. P himber of repicatons: | 2

Number of center pain;
7. Enter the number of center points. /

8. Two options to enter the response variable
name and factor names and levels: from
input box or from worksheet range.

9. Enter the response variable name. Response Varizble Information 7 X
\ Enter the name for response variable 1
Nitride Etch|

10. Enter the names and levels of the response

faCtOI’S Factors 1-5 I 6-10]11-15] 16-20 | 21-25| 26-27
Name Low Level High Lewvel

Factor 1: | Gap ‘ 0.8 | 1.2
Factor2: | CZF&Flow | 125 [ 200
Factor 3: | RF Power ‘ 275 | 325

1+ Input Box " Worksheet Range

5. Enter the number Of faCtOfS. \*> Enter factor names and levels via
Nomber of factors: | 3 FimiBed  C workhestRange

Help Back ‘ Next | OK | Cancel

11. Atemplate is added to the workbook; the ST i
experimental runs have been randomized.
Nitride Etc

Factor Information

12. Enter the results of the runs into the e o e
A Gap 0.8 12
template. e amrow s a0
RF Power 275 325
Actual
Run Standard Nitride
Order Run Order
1 4 642
1 550
2 650
2 669
7 1075
7 0.8 200 325 1063
0.8 200 275 633
0.8 126 275 604
0.8 126 325 1037
0.8 126 325 1052
12 126 325 749
12 200 325 729
12 200 275 635
12 200 325 860
12 126 325 868
0.8 200 275 601
13. Select “DOE” from the Analysis panel in the _— i, MsA
SPC for Excel ribbon (seventh panel from the T DoE
Ieft) 33 ANOVA
Analysis
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14. Select options in the analysis.
. [V show Effect Charts

15. Select OK to generate the DOE results in a
new workbook.

[¥ show Two Factor Charts

™ Indude Variability Analysis if Replications > 1

16. Questions? Select Help. —» b cance

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
o Design table analyzed using Yates’ Algorithm
o Range chart results if replications were run
o ANOVA table based on all factors and interactions

ANOVA Table Based on All Factors and Interactions

df MS F pvalue |% Cont
41311 1] 41311 18.339 0.0027 7.77%
217.6 1] 217.6 0.097| 0.7639 0.04%
374850 1| 374850| 166.411 0.0000| 70.54%| The signficant factors are in
2475.1) 1] 2475.1 1.099 0.3252 0.47%| red (p <=0.05). Factorsin
94402 1] 94403 41.909 0.0002| 17.76%| blue (0.05 < p <=0.20) may or
13.06, 1 18.06 0.008| 0.9308 0.00% may not be significant.
126.6 1] 126.6 0.056| 0.8186 0.02%
18021 8| 2252.6 3.39%
531421 15 100.00%

o ANOVA for the model (containing all the factors)

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

o Factor information include coefficient, degrees of freedom, standard error, and 95% confidence

limits
o Model containing all factors based on coded and actual levels
o 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)

Half-Normal Plot of Effects
2 -
All effects are included in the model at this time. Significant effectsin
1.5 |themodelarein red.
2 |Selectthe Rerun ANOVA button to run the analysis with just the +C
significant effects. Underlined effects are negative.
1 4
* AC
0.5 -
“A
3
3
T o
~
*B
-0.5
+ ABC
1
1.5 - BC
0 50 100 150 200 250 300 350
Effects
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Effect Charts (if that option was selected)
Two Factor Plots (if that option was selected)
All Factors Residual Info Worksheet
o Raw residuals, leverage, standardized residuals, internally studentized residuals, externally
studentized residuals, DFFITS, and Cook's distance
Residual Plots
o Residual plots for each type of residual (raw, standardized, internally studentized, externally
studentized)
Normal plot of residuals
Residuals versus predicted results
Residuals versus actual run number
Other plots
=  Leverage versus actual run number
=  DFFITs versus actual run number
=  Cook's distance versus actual run number
= Predicted values versus predicted values
DOE Optimization (visual chart for 3 to 5 factors)

O O O O

Please see the help links below for information on interpreting the results.

DOE Links
Links for more help on DOE:

o

0O 0O OO0 O O O O O O O

DOE Overview

Design Setup

Design Analysis
All Factor Analysis Worksheet

Normal Plot Effects @

Half-Normal Plot of Effects

Effects Graphs

Two Factor Plots

Residuals

Residuals Plots

DOE Optimization

Video highlighting using DOE in SPC for Excel

SPC Knowledge Base links to learn more about DOE:

Experimental Design Techniques - Part 1 c
Experimental Design Techniques - Part 2 A4

. . . j e o
Experimental Design Techniques - Part 3 <

Design of Experiments in Pharmaceutical Development
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https://www.spcforexcel.com/knowledge/experimental-design/design-experiments-pharmaceutical-development

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 1to5 factors
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 analyzed 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 Cl
factor name is in the first cell with the levels A2 B2 2
for that factor below. A3 c

2. Enter the response variable name into an _, Response
Excel worksheet; there can be more than one Y
but they must be listed in a single column.

3. Select “ANOVA” from the Analysis panel in i, MsA
the SPC for Excel ribbon (seventh panel from\ T poe
the left). 55 ANOVA

Analysis
4. Select the type of design. Anslysis of Variance
\ Type Factors
d X + Fixed
5. Select the type of factors. e e T
TrmE " Mixed
6. Select the number of response variables. % | " towDeion [ Randoizerons
ESpOnses
7. Change options if desired. - pr
8. Select OK.

9. Questions? Select Help.
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10. Select the worksheet range containing the Crossed Design Layout x
factor names and their levels. \sggfm;tfgglﬁs5&?;;";;3@?4?@?;2;2’?:;"féf:féin
and levels below that cell.
. . ‘ SHS2:$185 J
11. Enter the number of replications. e o
?EIECtb‘hT randge containling H)'|e response names
o must be listed in one column):
12. Select the worksheet range containing the
i — Sheet116L52| -
response variable names. | =l
Help ‘ Back | QK Cancel
13. A template is created in the workbook. p | croseedDesien
Response: Y
Factors Type Levels
14. Enter the results. . T e Taa
B Fixed 2 B1,B2
Fixed 3 C1,C2,C3
Reps?
Std. Run Actual v
No. Run No.
1 1 Al B1 c1
2 2 Al Bl c1
3 3 Al Bl c1
4 4 Al BL c2
5 5 Al B1L c2
6 6 Al B1L c2
7 7 Al Bl c3
15. Select “ANOVA” from the Analysis panel in i, msa
the SPC for Excel ribbon (seventh panel from\ 0 poe
the left). 55a ANOVA
Analysis
16. Select the options you want for ANOVA; the
checked items are the defaults; see the help i
links below for more information on these \ s
Options. V¥ overal
I™ Residuals Analysis
I ¥bar-s Control Chart. I™ Xbar-R Control Chart
17' SEIeCt OK' [ Compare Means and Variances (Fixed Factors Only)
I Display Components of Variance and Expected Means Squares
I~ Display F Calculation Information
. Contral Chart Rollup
18. Questions? Select Help. _
ANOVA Output

An overview of the ANOVA output is given below. The links take you to the on-line help files for each

worksheet.

A worksheet called ANOVA is always added to the workbook. The top part of this sheet contains

18.4
14.4
19.3
20.1
184
235
24.7

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

Variability Chart

20
15 Y

c1‘cz‘c3‘c1‘cz‘c3‘c1‘cz‘c3‘c1‘cz‘cz‘c1‘cz‘cs‘a‘cz‘ca

lc
B1 ‘ B2 ‘ B1 B2 ‘ B1 ‘ 82 ‘ B
|

AL ‘ A2 ‘ A3

e 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.

e  Xbar-s Control Chart: adds a worksheet named "Xbar-s " containing the Xbar and the s

control charts. @

e  Xbar-R Control Chart: adds a worksheet named "Xbar-R " containing the Xbar and the R
control charts.

e 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.

e 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.

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

e 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

The help links for ANOVA are above. One additional link is:
e Video highlighting using ANOVA in SPC for Excel

e Single Factor ANOVA

SPC Knowledge Base link to learn more about ANOVA: ‘ »
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https://www.spcforexcel.com/spc_for_excel_v5_help/index.html
https://www.spcforexcel.com/spc-knowledge-base
https://www.spcforexcel.com/spc_for_excel_v5_help/VariabilityChart.html
https://www.spcforexcel.com/spc_for_excel_v5_help/ResidualsAnalysis.html
https://www.spcforexcel.com/spc_for_excel_v5_help/ResidualPlotsANOVA.html
https://www.spcforexcel.com/spc_for_excel_v5_help/Xbar-sAndXbar-RChartsANOVA.html
https://www.spcforexcel.com/spc_for_excel_v5_help/Xbar-sAndXbar-RChartsANOVA.html
https://www.spcforexcel.com/spc_for_excel_v5_help/ComparingTreatmentMeansANOVA.html
https://www.spcforexcel.com/spc_for_excel_v5_help/EqualityOfVariancesANOVA.html
https://www.spcforexcel.com/spc_for_excel_v5_help/ComponentsOfVarianceANOVA.html
https://www.spcforexcel.com/spc_for_excel_v5_help/DisplayFValueCalculationInformation.html
https://www.spcforexcel.com/spc_for_excel_v5_help/ControlChartRollup.html
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https://www.spcforexcel.com/knowledge/root-cause-analysis/single-factor-anova

Normal Probability Plot

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

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.

1. Enter the data into a worksheet; it can bi/y L
anywhere on the worksheet. —lﬂ.
4.64351
1.01497
2. Select the data or the first cell containing the 1.60103
title or data. 2.44223
5.04867
3.23538
3. Select “Normal Probability” in the > . Nomal Prabability
Distribution panel of the SPC for Excel ribbon - Data Transformation

(eighth panel from the left). [ Distribution Fitting

Distributions

4. Ensure the data range is correct. Andersen-Darling
\ Select the range containing the data
. A | SAST:€AS101 J
5. Select OK and the normal probability plot is
created. ﬁ\> o |

6. Questions? Select Help. /

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

2 .//./ . *
_/;’o’
1 ,f’/’
-]
3 ’,/”
E 0 l,”.’
"
_‘/
p /
,....;
-2 *
*
L
0 2 4 b 8 10
Value

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
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the p-value is less than 0.05, then you can conclude the data are not normally distributed. If itis 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

Link for more help on the normal probability plot: 9
e Normal Probability Plot \\j

SPC Knowledge Base links to learn more about normal probability plots: ‘ :
-7
- i

e Normal Probability Plots
e Anderson-Darling Test for Normality
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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):

YO = whenA # 0

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;itcanbe — —— ———P> L

anywhere on the worksheet. Data .l
4.64351
2. Select the data or the first cell containing the 1.60103
title or data. 2.44223
5.04867
3.23538
3. Select “Data Transformation” in the —_ . Normal Probability
Distribution panel of the SPC for Excel ribbon & Data Transformation
(eighth panel from the left). J¥ Distribution Fitting
Distributions
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4. Select Box-Cox Transformation. Data Trensformation
\ Select data transformation option:

IV Box-Cox Transformation [ Johnson Transformation

Ensure data range is correct.
\> Range Containing Dats: | $AS2:A8101 = |

Variable Name {Optional}: | Data

6. Defaults can be changed.

IV Histograms for data and transformed data

7. Data in C0|umnS or rOWs? IV PP plots for data and transformed data

¥ Show transformed data on output worksheet

8. Select OK.

Data in:
% Column(s) " Row(s)

9. Questions? Select Help e S & == |
Help Box-Cox Options oK Cancel

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 Tfansformation for Data This p-value should be greater than

Descriptive Statlistics 0.05 if the transformation was
Count Mean StDev  Median Min Max Skew AD p Value
Qriginal Data 100 2.923 1.786 2.607 0.282 8.091 0.708 1.036 0.010 SucceSSfUI
Transformed Data 100 1.624 0.538 1.615 0.531 2.844 0.0243 0.303 0.574
Lambda Results
Upper Lower
Optimum Cz;:\f conf Rounded
Lambda . 7 Lambda
Limit Limit
0.31 0.62 0.01 0.5

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 Transformed Data Histogram

Frequency
Frequency
-

5

0 2 4 [ 8 10 04 06 08 1 12 14 16 18 2 22 24 26 28 3

P-P Plot: Original Data P-P Plot: Transformed Data

b (Model)
I
in

0 02 04 06 08 1
p (Empirical) 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

Link for more help on data transformations:

e Data Transformation \0;

e Video highlighting Box-Cox Transformation using SPC for Excel

SPC Knowledge Base links to learn more about the Box-Cox transformation and handling non-normal data:

e Box-Cox Transformation :
e What? My Data are Not Normal? -
T o
|
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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 e 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;itcanbe — — —————— P> A

anywhere on the worksheet. Data .l
4.64351

/ s

2. Select the data or the first cell containing the 1.60103
title or data. 244223
5.04867

3.23538

3. Select “Distribution Fitting” in the 7. Normal Probability
Distribution panel of the SPC for Excel rkbbon\} & Data Transformation
(eighth panel from the left). [ Distribution Fitting

Distributions

4. Select the distributions you want to fit. Distrbution fiting

Variable tame: | Data

Data Range: ‘ SAS2:$AS101 J

5. Select OK.

¥ chedk

. m . v e
6 i QU eStl ons ’,) Se | eCt H e | p i ¥ Exponential W Loglogistic - Three Parameter
¥ Exponential - Two Parameter W Lognormal
[+ Gamma I¥ Lognormal - Three Parameter
[+ Gamma - Three Parameter I+ Normal

[# Largest Extreme Value ¥ smallest Extreme Value
[¥ Logistic Iv weibull

¥ Loglogistic Weibul - 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
LogMNormal - 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

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
1.777
1.016
2.923
1.992

Median
2.607

Threshold

0.210

0.0838

-1.400

-1.094

0.282

Min
0.282

Log-
Likelihood

-189.8
-189.1
-130.8
-130.7
-193.3
-192.6
-136.3
-195.6
-197.1
-197.1
-199.4
-200.2
-207.3
-216.2

Mox

AD

8.091

0.248
0.359
0.439
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
»0.25
»0.25
0.239
0.187
0.221
0.179
0.001
0.042

<0.005

<0.001
0.010
0.013
<0.001
<0.01

0.763

0.007

0.000

Each distribution fitted is listed. The following are given for each distribution:
e Distribution parameters: location, shape, scale and threshold.
e Log-Likelihood: value of the log-likelihood equation; objective is to find the distribution parameters that

minimize this equation.

o 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
385.6
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

f(x)

N
/l
7

10

09

08

07

06

05

PiModel)

04

03

02

01

P-P Plot: Weibull

01

02

03 04 05 06
PlEmpirical)

07 038 09 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 Links

Link for more help on distribution fitting:

e Distribution Fitting \o_i

e Video highlighting distribution fitting using SPC for Excel
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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 datainto a worksheet; youcan — — ————» L

enter more than one variable but the data %2511
must be in columns with the variable name in 1.01497
the first cell of the column. 1.60103
2.443223
2. Select the data or the first cell containing the 22:::;
title or data.
3. Select “Descriptive Statistics” in the Statistical __———— 7 Desc. stats EJ Correlation
Tools panel of the SPC for Excel ribbon (the H. sample Tests TP NenParametric

ninth panel from the Ieft) ¥ Multiple Processes 4% Misc, Tools

Statistical Tools

4- Ensure data range |S Correct.  * Descriptive Statistics e
sA$1:5A5101 ]

Data Range {with headings):

5. Select where to place the output. Output Opions for Descriptive Statites:
(™ First cell of output range on this worksheet -

6. Select options to geneate dot plot and/or & New Worksheet
histogram of the data. \ S
|v DotPlot I¥ Histograms
7. Select OK. J > Q

//

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.

8. Questions? Select Help.

57



Descriptive Statistics Links

Link for more help on descriptive statistics:
e Descriptive Statistics

Links to learn more about descriptive statistics:
e Explaining Standard Deviation
o Are the Skewness and Kurtosis Useful Statistics
e When an Average Isn't the Average

.
LR

L

k
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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:

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

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

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

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

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

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

e 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

1. Enter the datainto an Excel worksheet;the ~—»

. . ) 50.1 £0.1
data must be in columns with the first cells 499 197
containing the name of each process. 50 50
49.9 494
50.2 494
2. Select the title in the first cell. 50 43.4
504 497
49.9 494
497 494
497 493
3. Select “Sample Test” in the Statistical Tools T Desc. Stats 3 Correlation
panel of the SPC for Excel ribbon (the ninth P H. Sample Tests TP NonParametric
panel from the Ieft) B Multiple Processes /& Misc. Tools

Statistical Tools
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4. Select “z and t Tests for Differences in
Means.”

5. Ensure data ranges are correct.

\

7. Selectzorttest.

6. Select if you want hypothesis test. \

8. Changes options if desired.

9. Select OK.

10. Questions? Select Help. ————

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

Sample Tests

¢ {One Sample z and t Tests for a Mean |

" One Sample Variance Test

™ z and t Tests for Difference in Two Means

€ tTest for Paired Sample Comparison

Difference Between Two Means Input

™ One Proportion Test
" Two Proportions Test

" Power and Sample Size

Process 1Data with Heading: | $F$4:67$14] -
Process 2 Data wiih Heading: | $G$4:3G514 -

V¥ Indude Hypothesis Test Hypothesized Difference: 0

zor tTest

{+ Small Sample {n < 30, t Test)

™ Large Sample {n = 30, z Test)

Type of Test,
Alpha

Qutput Options

Enter Average,
Sigma, and Size

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

Hy' ur iz = 0
Hips-pz == 0

Process 1 Process 2

Mean 49.98 49.58
Standard Deviation 0.215 0.282
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 3.667
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| = tozs, 19

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).
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The individual results are also plotted to help identify potential outliers.

Process 1 Data Plot

—e—Data

Average

3 4 5 6 7 B 5 10
Observation Number

Sample Tests Links

Links for sample tests links:

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

SPC Knowledge Base links to learn more about on sample tests:

Comparing Two Processes

Paired Sample Comparison
Hypothesis Testing
How Many Samples Do | Need?
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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:

e Fisher’s LSD Method for Means

* Tukey's Method for Means The first five look at either differences in

e Bonferroni’'s Method for Means means or differences in variation. The last
e Bartlett’s Test for Equality of Variances two give insights into both differences in

e Modified Levene’s Test for Equality of Variances means and variation at the same time.

e Box and Whisker Plots
e Analysis of Means

The setup and data entry is essentially the same for all the techniques.
Fisher’s LSD Method for Means

. . A B c D E
1. Enter the data into an Excel worksheet;the —» e S e S 2%

data must be in columns with the first cells 260 330 230 270 240
L | 230 230 220 300 270
containing the name of each process. 270 360 260 320 290
2. Select the title in the first cell.
3. Select “Multiple Processes” in the Statistical T Desc. stats £ Correlation
Tools panel of the SPC for Excel ribbon (the\ H sample Tests T# NonParametric
ninth pane| from the |eft) ¥ Multiple Processes /A Misc, Tools

Statistical Tools

4. Select “Fisher’s LSD Method for Means.” Comaing Multple Proceszes *
\> or Means | " 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 " Analysis of Means
" Box and Whisker Plots
5. The data can be stacked or unstacked; this Fisher's Least Significant Difference Method b
example is unstacked. \ Data Input
" Stacked ¥ Unstacked
6. Ensure data range is correct.
7. Change alpha (significance level) if desired unstacked nput

Enter the range containing the responses with headings:

8. Select OK to generate the results. $AS1:6E85 =

Alpha: 0.05

9. Questions? Select Help.

Cancel
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Part of the output from the Fisher LSD method is shown below.

——ANOVA ANOVA to show if treatments are significantly

Sum of f Mean .
Souce Saures Fresiom Saure p Valus different; p value less than 0.05 usually means
Error \ ]

4 i
T ' there is difference in the means.

T . Output to compare each pair of treatments.

A-B

A-C 125 3778 2528 50.28 No
A-D -55 7.7 -92.7¢ 1722 Yes
A-E -10 7.7 A7 T 2778 No
B-C 80 7.7 2.2 M7.78]  Yes
B-D 125 77! -25.21 50.28 No
B-E 575 3778 19.72 9528 Yes
c-b 675 3778 10528 -2972] Yes
C-E -225 37.78] -60.28 15.28 No
D-E 45 37.78 722 82.78] Yes

There is evidence that some pairs of means are different.

Fisher LSD Method Confidence Intervals

——————+—————— 9 A-B
— i a A-C

S

The chart compares each pairs. Those pairs
that do not contain zero are significantly
different. B-F

-150.00 -100.00 -50.00 0.00 50.00 100.00 150.00
Confidence Intervals

Multiple Processes Links

For help on the various multiple process techniques:
e Fisher’s LSD Method for Means
e Tukey’s Method for Means
e Bonferroni’s Method for Means e
e Box and Whisker Plots 0
e Bartlett’s Test for Equality of Variances \_,/
e Modified Levene’s Test for Equality of Variances

e Analysis of Means
e Video highlighting multiple process tests using SPC for Excel

SPC Knowledge Base links to learn more about multiple processes tests:
e Comparing Multiple Processes
e Box and Whisker Plots
e Comparing Multiple Processes: Bonferroni's Method
e Bartlett's Test for Equality of Variances
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Correlation Techniques

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

e Correlation Coefficient: used to determine if there is a linear relationship between two variables.

e Failure Mode and Effects Analysis: template used to determine the most likely reason a process will fail.

e Plot Multiple Y Variables Against One X Variable: used to plot more than one Y variable against one X
chart.

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

e  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.

e 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.

1. Enter the data into an Excel worksheet; the H*‘Tr:';’;”g Te?gpnﬁg”g Hardness
data must be in adjacent columns with the Egg };gg 333—3
first cell containing the name of the variable. 1665 1185 338

1635 1160 N6

1640 1105 326

. . 1640 1105 327

2. Select the first cell in the data range. 1630 70 1
1640 1210 287

1660 1255 NA

1670 1320 288

1670 1200 M7

3. Select “Correlation” in the Statistical Tools T Desc Stats EJ Correlation
panel of the SPC for Excel ribbon (the ninth H. sample Tests TP NenParametric
pane| from the |eft) ¥ Multiple Processes 4 Misc. Tools

Statistical Tools

«“ . . »”

4. Select “Correlation Coefficients. —_
" Correlation Coefficients " Scatter Plot Matrix
" Failure Mode and Effects Analysis Template " waterfall Chart
" Plot Multiple ¥ Variables Against One ¥ Variable " BACI Charts

Help Cancel

5. Ensure data range is correct. Corretation Coefficients x
 > Select range containing the data induding the headings:

| sasuiscsz0 [

6. Select OK to generate the output. \>
Help Cancel
7. Questions? Select Help. /
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The output is a table showing the correlation
coefficient (R) and the probability that it is
significant; if the probability is less than 0.05, the
result is turned red.

Correlation Techniques

Links for more help on correlation techniques:

Correlation Coefficients
Failure Mode and Effects Analysis

Plot Multiple Y Variables Against One X Variable

Scatter Plot Matrix
Waterfall Charts
BACI Charts

Video highlighting correlation techniques using SPC for Excel

|ReProb
Hardening Temp.

Tempering Temp

Hardness

Hardening Temp. Tempering Temp Hardness

1 0.661 0.44
0 0.002 0.06
0.661 1 -0.662
0.002 0 0.002
-0.44 -0.662 1
0.06 0.002 0

SPC Knowledge Base links to learn more about on correlation techniques:

Failure Mode and Effects Analysis

Waterfall Charts

Correlation Analysis

Scatter Plot Matrix
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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.

o 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 worksw Seftings _
2034
200.5

2. Select the first cell in the data. 22
198
3. Select “Nonparametric” in the Statistical T Desc. Stats 3 Correlation
Tools panel of the SPC for Excel ribbon (the HoSampleTests p, [P NonParametric
ninth panel from the |eft) 3 Multiple Processes 4 Misc, Tools

Statistical Tools

4. Select One Sample Sign Test. NonParametric Tests %
\* " One Sample Sign Test € Mann-Whitney Test for Two Samples

" One Sample Wilcoxon Signed Rank Test " Kruskal-Walis Test for Multiple Samples

5. Ensure data range is correct. One Sample Sign Test Input *

e

>
200 I Indude Confidence Interval

6. Specify median. P pecified Median:
i i i M’ Trpa ‘
7. Change options if desire. Aha Optons

Help Cancel

Data Range with Heading: ‘ SAS1:SAS11 J

8. Select OK to generate output.

9. Questions? Select Help.
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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.

Nonparametric Links

Sign Test for Settings

Hp: m = my

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

The null hypothesis is accepted.

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

Links for more help on nonparametric tests:

e One Sample Sign Test

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
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Miscellaneous Tools

SPC for Excel contains the following miscellaneous statistical techniques:
e ChiSquare Goodness of Fit Test: used to determine if a set of data fits a particular distribution.
e ChiSquare Test for Association: used to determine if there is any association between two variables.
e Side by Side Histogram: used to compare results.

e |tem Analysis: used to test how reliable the questions are on a survey.

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

Miscellaneous Tools Links

Links for help with the miscellaneous tools:

e Chi Square Goodness of Fit Test
e Chi Square Test for Association \0;

e Side by Side Histogram
e |tem Analysis
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Utilities

The “Utilities” panel on the SPC for Excel ribbon contains two options: O select Cells
¥ General
e Select Cells # Genera
e General -
Utilities

“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.

“General” is used to fix the shade in a histogram or change the help files between the internet and local chm
files (for PCs only). The shade in a histogram can change if it is opened in another version of Excel. The fix shade

option repairs this.

" Fix Shade

" Help Files

" CHM File " Web

Cancel

Export Charts to Word and PowerPoint

SPC for Excel can export one or more charts to Word and PowerPoint. You select the chart(s) 3% PowerPaint

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. Format
Export

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 X

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 and Mac Excel 2011. It does not work with Mac
Excel 2016.
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Program Update, Help, About SPC for Excel

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

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 5 x
bUlldS, the t|m|ng can be cha ngEd. 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.

. . . Check for P Update:
2. Option to check for a new build; if present, ST ThestE

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 ol Never
installed.

[¥ Chedk now for new build

\> Your current version is 5.0.1.5

" Weekly

3. Your current version/build is listed.

Cancel

Note: the program update does not work with the demo program.

Selecting “SPC Help” opens the help files.

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.
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