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Thank you for selecting our software package. This manual contains the instructions for using SPC for MS Excel
Version 4 with the exceptions of the Measurement Systems Analysis, Multiple Linear Regression, and
Experimental Design, which are each contained in separate instruction manuals. This program is owned by BPI
Consulting, LLC. This program cannot be copied or used unless under license with BPI Consulting, LLC. BPI
Consulting, LLC is not liable for any decisions made based on the use of this software package.

Requirements: This program is a Microsoft Excel® add-in. You must Microsoft Excel® for this program to work.
This program supports any version of Excel from 2000 on.

BPI Consulting, LLC
20314 Lakeland Falls
Cypress, TX 77433
800-274-2874
281-304-9504
www.spcforexcel.com
mailto:support@spcforexcel.com

! Instructions for Measurement Systems Analysis, Multiple Linear Regression and Design of Experiments are in
separate manuals.


http://www.spcforexcel.com/
mailto:support@spcforexcel.com
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Pareto Diagrams

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

For more information on Pareto diagrams, please see our June 2004 newsletter on Pareto diagrams on our website
(http://www.spcforexcel.com/articleslist.htm). The example below shows how to construct a Pareto diagram
using the SPC for MS Excel software. There are four different options for data entry.

Example

A company is monitoring return goods and reasons for those returns. Data has been collected and we want to use
a Pareto diagram to highlight returns goods by product and reason for return.

1. Enter the data into an Excel spreadsheet. There are four different options that can be used for entering
data.
a. Option 1: Frequencies Already Totaled
i. The categories are in one column or row and the frequencies are in another column or
row with the frequencies already totaled. The data entry requirements are given
below. The columns and the rows do not have to be adjacent to each other. The table
below shows the data entered as columns.

Products | Number of Returns
A 15

B 25

C

D

b. Option 2: Frequencies Need to be Totaled
i. The categories are listed in a range on the spreadsheet. There is no list of unique
categories and the frequency needs to be determined. The data entry requirements are
given below. The data can be in multiple rows and columns. Empty cells can be
included. The table below shows the data entered in a number of columns and rows.
The program will total each unique entry and develop a Pareto diagram based on those
totals.

Customer Did Not Need

Customer Did Not Need

Customer Did Not Need

Broken Broken

Wrong Quantity Wrong Quantity

Wrong Quantity Wrong Quantity Wrong Quantity

Salesman Ordered Wrong Salesman Ordered Wrong Salesman Ordered Wrong
Wrong Quantity

Wrong Quantity Wrong Quantity Wrong Quantity

Broken Broken Broken

Customer Did Not Need

Customer Did Not Need

Customer Did Not Need

Salesman Ordered Wrong

Salesman Ordered Wrong

Wrong Quantity

Wrong Quantity
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c. Option 3: Frequencies per Period in Columns
i. The categories are in one column and the frequency is in columns. The frequencies are
already summed by column (e.g., week). The data entry requirements are shown
below. The data must be in columns. The program will total the results and develop

the Pareto.
Category Week 1 Week 2 Week 3
Late Shipments 10 7 8
Wrong Material 8 5 3
Wrong Address 4 3 6
Not Complete 3 5 4
Wrong Price 6 2 1

d. Option 4: Frequencies per Period in One Column
i. Same as option 3 but the categories and frequencies are listed by rows instead of
columns. The data entry requirements are shown below. The data must be in columns.
The program will total the results and develop the Pareto.

Week | Product | Number of Returns
1 A 4
1 B 2
1 C 12
1 D 3
2 A 0
2 B 3
2 C 1
2 D 4
3 A 4
3 B 2
3 C 5
3 D 1
4 A 8
4 B 1
4 C 10
4 D 1

2. Select the range shaded in gray (based on our data entry).
3. Select the Pareto diagram icon from the SPC menu to show the Pareto Options Screen.
4. Select one of the four options based on your data entry.

Pareto Options oS
Option 1: The categories arein one Option 2: The categories are listed in
¢~ column (or row) and the frequency in ¢~ arange on the spreadsheet. There is
another column (or row). The 10 list of unique categories and the
frequencies are already summed. frequency needs to be determined.
Category Frequency Late Shipments
Late Shipments 10 Virang Material
Wrong Material F] Virong Address
Wrang Address 4 Not Complete
Not Complete 3 Not Complete
Not Complete
Late Shipments
5 _ . Virong Material
Option 3: The categories are in one
¢~ column and the frequency is in
columns. The frequencies are already Option 4: Same as option 3 but
summed by column (e.g., week). ~ the categories and frequencies
Category Week 1 Week2 Wesk3 arf listed by rows instead of
Late Shipments 10 columns-
wirong Material 8 5 3
Virong Address 4 3 8 WEIE" e Laﬁcsi‘;ﬁ‘”e’:rs F’E“I“UE”[V
Mot Complete 3 5 4 1 Virong Material 8
1 Virong Address 4
1 MNotComplete 3
- 2 LateShipments 7
2 Virong Material 5
2 Virong Address 3
2 NotComplete 5
5 ©BPI Consulting, LLC
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5. Fillin the Pareto Diagram Input form (the input form below is for Option 1; all are very similar).

a.

Name of Chart: the name that appears on the
worksheet tab; this name must be unique
Category Range: range containing categories
(product in the above example); default is the first
column of range selected on the worksheet
Frequency Range: range containing the totaled
frequencies; default is the second column of the
range selected on the worksheet

Pareto Diagram Title: the title to appear at the top
of the chart; default is Pareto Diagram

Y Axis (Frequency) Label: the label for the y axis;
default is the cell above the selected frequency
range on the worksheet (for data in columns)

X Axis (Category) Label: the label for the x axis;
default is the cell above the selected category
range on the worksheet (for data in columns)
Include Cumulative Line?: this option adds a
cumulative line to the chart; default is No.

Pareto Diagram Input El

Mame of Chart: | |

Enter Category Range: SAS3:8ASE -
Enter Frequency Range: $6$3:5696 -

Enter Pareto Diagram Title: | Pareto Diagram

Enter Y-Axis (Frequency) Label: | Number of Returns

Enter X-Axis (Category) Label: | Products

Include Cumulative Line?
Dates of Data Collection

" Yes + Mo
Start:
Categories in: End:
% One Coumn ¢ One Row
Categories on:
" x s "y Axis Cancel

Categories in: option for data being in columns or rows; programs selects default based on the

data selected on the worksheet

Categories on: option to put the categories on the x axis or y axis; default is the x axis; cannot put
the categories on the y axis if the cumulative line option is set to yes.
Dates of Data Collection: option to enter the start and end dates of data collection; not required

for the chart.

6. Select OK and the Pareto diagram will be constructed. The diagram below used includes the cumulative

line.

Pareto Diagram

50 T

45+

40 + 0%

35+

30 +

25 + 5

Number of Returns

20 +

15
15 +

10 + 8

100%

T 100%

+ 90%

T 80%

+ 70%

T 60%

T 50%

Percent

1 40%

—+ 30%

T 20%

T+ 10%
2

Products

0%

D

The Pareto diagram can be updated when new data is added by selecting the Update Chart toolbar on the SPC
Menu. You may also change current options on the chart by selecting the Options icon from the SPC toolbar.
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Histograms

A histogram is a bar chart that provides a snapshot in time of the variation in a process. It tells us how often a
value or range of values occurred in a given time frame. A histogram will tell us the most frequently occurring
value (the mode), the overall range, and the shape of the distribution (e.g., bell-shaped, skewed, bimodal, etc.). It
is best to have 50 to 100 data points to construct a histogram, if possible. This program will construct a histogram
from the raw data. It will automatically determine the number of classes (bars) as well as the class width. You
have the opportunity to change the number of classes.

For more information on Pareto diagrams, please see our December 2005 and January 2006 newsletters on
histograms on our website (http://www.spcforexcel.com/articleslist.htm). An example of how to make a
histogram using the program is given below.

Example

A production superintendent is tracking yields from a reactor. He wants to create a histogram to determine the
shape of the distribution. That data is given below.

1. Enter the data into a spreadsheet as shown below.

81 77 75 74 77 73
77 74 76 75 79 74
74 79 73 75 75 74
75 80 80 79 72 78
73 74 74 73 75 74
77 75 75 72 75 74
76 75 74 74 78 75
76 76 78 77 78 75
74 76 77 76 72 73
79 82 73 75 74 79
77 73 72 75 73 73
76 76 76 75 74 72
76 76 76 74 79 79
75 81 77 74 77 71
84 74 79 70 77 74
73 77 76 74 81 75

2. Select the histogram icon from the SPC Menu.
3. Fill'in the Histogram Input form. Histogram Input ]
a. Enter location of Values: This is the range containing the | enterlowtonofvaes: [ saszisrsiy |
values for the histogram. The default range is the range | entrtistogramTite: [ “fistagram
selected on the worksheet before selecting the histogram | enter v-axis ertcal) Label: [ Frequeney
option on the toolbar. Enter ¥-Axis {Horizontal) Label: | Measurement
b. Enter Histogram Title: This is the title that goes on the | .eofchat i
histogram chart. The default value is “Histogram.”
c. Enter Y-Axis (Vertical Label): This is the vertical axis label. ates o atn ol
The default is “Frequency.” Start: End: |
d. Enter X-Axis (Horizontal Label): This is the horizontal axis
label. The default is “Measurement.”

Enter Mumber of Digits to Right of Decimal: 1]

Include Descriptive Statistics?

@ yes (all) " No ™ SelectfChange Which to Incude
e. Name of Chart: This is very important. This will be the
name of the worksheet tab that contains the chart in your Caneet
workbook.
7 ©BPI Consulting, LLC
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f.  Enter Number of Integers to Right of Decimal: This is the rounding that is used in the data. For
example, if the data contains whole numbers, this value is 0 (the default value). If the data has one
decimal point to the right of the data (as shown in the data above), this value is 1. It is used to set the
class boundaries.

g. Dates of Data Collection: Add the starting date and ending dates of data collection. These dates are
optional. If entered, they will appear in a dialog box in the lower left-hand corner of the chart.

h. Include Descriptive Statistics?” If you want the descriptive [EREERR_——"
statistics on the chart, select “Yes.” The descriptive statistics

FSum pKurtnsls
|nclud<.e the average, stapdard dewatlon., count, etc. The d.efault ¥ cmimdtne  cont S
value is “Yes.” There is also the option to “Select Which to
v Median ¥ Maximum

Include.” This option allows you to determine which of the
descriptive statistics you want to include. If you select this
option, you will see the dialog box to the right. Select which
statistics you want to include. The statistics you select will cnce |
remain the same if you update the histogram. You can “Check
All” or “Uncheck All” if desired.

4. Select OK and the histogram will be created as shown below.

[¥ Standard Deviation W Minimum

¥ Variance Iz Range
I~ Check al

I~ Unchedk All

. Descriptive Statistics
Histogram Mean=75.625
Standard Error=0.26
Median=75
207 19 (19.8%) Standard Deviation=2.547
Variance=6.489
Sum=7260
Count=96
Maximum=84
Minimum=70
Range=14
Kurtosis=0.6157
Skewness=0.7079

18 4

16 4

14 4

.
N
L

Frequency
=
o
!

8 (8.3%)

3(3.1%)

27 (1.0%) 1 (1.0%) 1(1.0%)

69.5-< 70.5-< 715-< 725-< 735-< 745-< 755-< 765-< 775-< 785-< 79.5-< 80.5-< 815-< 825-< 835-<
70.5 715 72.5 735 74.5 75.5 76.5 775 78.5 79.5 80.5 815 825 83.5 84.5

Measurement

The number on the top of each bar represents the number in the class; the percent is the percentage of the total
points in the class. The statistics are printed on the right hand side of the chart.

8 ©BPI Consulting, LLC
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The number of classes (bars) on the histogram is determined automatically by the program. It is set as the square
root of the number of data points in the range. Once the histogram is made, you can change the number of
classes. There is a button in the upper left hand corner of the histogram chart that is used for this al

asses

(you will see it when the histogram is first made).

When you select this button on the chart, you will get the dialog box to the below. There are essentially two

options:

e Enter the number of classes you want and select OK. The chart will then be displayed with the new

number of classes.

e Enter the class width and enter the lower bound. This lets you set the starting point for the histogram
(the lower bound) and the width of each class. The number of classes is set by these two values.

You also have the option to view the frequency distribution for the histogram. This is done by selecting the button
with the caption “Freq. Dist.” This button appears the first time the histogram is made. Selecting the button again
hides the frequency distribution. The frequency distribution for this example is shown below.

Class Boundaries Class Limits | Freq.

69.5-< 70.5
70.5-< 715
71.5-<725
725-<735
73.5-<745
74.5-<75.5
75.5-<76.5
76.5-<77.5
77.5-<785
78.5-<79.5
79.5-<80.5
80.5-<815
81.5-<825
82.5-<835
83.5-< 845

70-70
71-71
72-72
73-73
74 - 74
75-75
76 - 76
77 -77
78 - 78
79-79
80 - 80
81-81
82 - 82
83 - 83
84 - 84

1
1
5

Rel. Freq.

1.0%
1.0%
5.2%
10.4%
19.8%
17.7%
13.5%
11.5%
4.2%
8.3%
2.1%
3.1%
1.0%
0.0%
1.0%

The histogram can be updated when new data is added by selecting the Update Chart toolbar on the SPC Menu.
You may also change current options on the chart by selecting the Options icon from the SPC toolbar.

Change Histogram gJ
[ Enter pumber of dassesit |
or Enter One or Both of:

[ Enter dass width:
[~ Enter lower dass boundary:

Note: The actual number of dasses may be one 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 two blank, the
program will automatically determine the other value.

Cancel

©BPI Consulting, LLC
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Attribute Control Charts

This program constructs p, np, ¢, and u attribute control charts. The data entry depends on the type of chart you
are using.

You access this feature by selecting the attribute control chart icon ( ‘13) on the SPC menu. You will see the form
below. Select the type of chart you want to make. Each attribute control chart is described below.

Attribute Charts X
Select Type of Chart
" np Chart
" cChart Cancel
" uChart
p Charts

A p control chart is used to examine the variation in the proportion (or percentage) of defective items in a group of
items. An item is defective if it fails to conform to some preset specification (operational definition). The p control
chart is used with "yes/no" attributes data. This means that there are only two possible outcomes: either the item
is defective or it is not defective. For example: either the phone is answered or it is not answered.

For more information on Pareto diagrams, please see our July 2005 newsletter on p control charts on our website
(http://www.spcforexcel.com/articleslist.htm). An example of how to make a p control chart is given below.

Example

A company uses telemarketing to help boost sales. The sales manager is interested in tracking the % of
telemarketing calls that result in an order each day. The data is has collected is given below. He wants to use that
data to construct a p control chart. "n" is the subgroup size (the number of telemarketing calls made each day).
"np" is the number of "defective" items -- in this case, the number of calls that result in an order. "p" is the
proportion defective and is determined by p = np/n. For example, on the first day there were 40 telemarketing
calls made (n = 40). Of these, 5 resulted in an order (np =5). Thus, p = np/n =5/40 = 0.125 or 12.5%. The values

of p are plotted over time.

1. Enter the datainto a spreadsheet as shown below.

Number of Number that
Date Telemarketing Result in an
Calls (n) Order (np)
2/1/2008 40 5
2/2/2008 63 10
2/3/2008 47 12
2/4/2008 52 7
2/5/2008 34 3
2/6/2008 59 21
2/7/2008 36 12
2/8/2008 71 7
2/9/2008 53 11
10 ©BPI Consulting, LLC
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w

2/10/2008 50 3
2/11/2008 41 12
2/12/2008 48 10
2/13/2008 67 5
2/14/2008 45 12
2/15/2008 54 18

Select the dates (the shaded area).
Select the following from the SPC Menu: Attribute Control Chart - p Control Chart
Fill out the p Control Chart Input form. The ranges are

input at

the top of the form; there are two pages on the

form: Chart Names & Labels and Control Limits & Other

Options.
a.

e.

Range containing the subgroup identifiers: This is
the range containing the subgroup numbers (dates
in the above example). The default value is the
range selected on the worksheet prior to selecting
the attribute control option on the toolbar.

Range containing the n values: This is the range
containing the subgroup size (n). The default
value is the range next to the subgroups unless
you selected multiple ranges using the control key.
Range containing the np values: This is the range
containing the number non-conforming (np). The
default value is the range next to the n values
unless you selected multiple ranges using the
control key.

Chart Names & Labels Page

p Control Chart Input E‘
Range containing subgroup identifiers: SASHSAS1E o
Range containing n values: SB$4:8BS18 o
Range containing np values: SCE4:8CSE18 o

Chart Name & Labsls | Cantrol Limits & Other Options |

Name of Chart: |

Control Chart Title: | p Control Chart

¥-Axis Label: ‘ ®& Defective

X-Axis Label: ‘ Subgroup Mumber

Data in: Use Percent for Format?

& Columns " Rows  Yes " No

i. Name of Chart: This is very important. Decide what you want to call the chart. This will
be the name of the sheet that contains the chart in your workbook.
ii. Control Chart Title: This is the title that goes on the control chart. The default value is “p

Control Chart.”

iii. Y-Axis Label: This is the vertical axis label. The default value is “% Defective.”

iv. X-Axis Label: This is the horizontal axis label. The default value is “Subgroup Number”

v. Data in: Select columns or rows depending on how the data is entered into the
spreadsheet. The default depends on the range selection on the worksheet.

vi. Use Percent for Format?:

chart as a general number.
Control Limits & Other Options Page (shown to the
right).

i. Test for Control: There are two options:
points beyond the limits and the rules of
seven (seven in a row above or below the
average, or seven in a row trending up or
trending down).

ii. Automatic Update of Limits?: This
determines if the control limits are
automatically updated when you add
additional data to the chart. Select “Yes”
if you want the control Ilimits to
automatically update; no if you don’t
want the limits to automatically update.
The default is yes.

11

Select yes to format the chart as percent; no to format the

p Control Chart Input E‘
Range containing subgroup identifiers: SASHSAS1E o
Range containing n values: SB$4:8BS18 o
Range containing np values: SCE4:8CSE18 o

Chart Name & Lsbels  Gontrol Limits & Other Options ]

Tests for Contral
¥ Paints Beyond Linits

Automatic Updating of Limits?
(¥ Yes " No

¥ Rules of Seven
Print Average Limits:

Based Limits on Average n? & On Avg. and Limits

L * p
fes ° " In Chart Title
Ti t for A E
erastfor Averege Dates of Data Collection
Rounding to Use for Average Start:
and Limits on Chart: 2 4
End:
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iii. Based Limits on Average n? Select no to change the limits each time the subgroup size
changes. Select Yes to base the limits on the average subgroup size. The default value
is No.

iv. Print Average/Limits: Selecting “On Avg. and Limits” will print these on the lines in the
chart. Selecting “In Chart Title” will print the values in the chart title.

v. Target for Average: This is the target value for the variable. It is not required.

vi. Dates of Data Collection: Add the starting date and ending dates of data collection.
These dates are optional. If entered, they will appear in a dialog box in the lower left-
hand corner of the chart.

vii. Rounding to Use in Titles: This the rounding to use for the average and control limits
printed in the title. The default value is determined by the program.

5. Select OK.
6. The p control chart is generated on a new chart sheet. The p control chart for the example data is shown
below.
p Control Chart: Telemarketing Calls
45% -
gu 4
o ///\\\ //\\ -

3B%{ o~ oo ~So_-” )
30%

20% - Avg=19.47 A

10% -

% Resulting in an Order

% 1
5% o //\\\\ oS
Pid \\v,,—\\ v N // ———— - \\\’”,
< ~ - N T~
0% . . — . .
® ® ® ® ® ® ® ® ® ® ® ® ® ® ®
N N o N o Y S o & N N N &
SUSIIIO GO L KL\ o U N R LA v
» P W P > D P D P > & i\ > I\ e

The values of p are plotted over time. The average (p ), the upper control limit (UCL) and the lower control limit
(LCL) are calculated using the equations below. The average is plotted as a green solid line and the control limits
are plotted as red dashed lines. The control limits in this example vary because the subgroup size varies. The
values for the average and control limits (based on the average subgroup size, n') are also printed on the chart or
in the title depending on the option selected. Out of control points are in red.

DIl UcL=p +3,[PA=P) LcL=p_3[PA=P)

>n n n

The above control limits are not valid for the “small np case.” This occurs when np <5 or n(1-p )< 5. In this case,
the program automatically calculates the control limits using the binomial distribution. The p control chart can be
updated when new data is added by selecting the Update Chart toolbar on the SPC Menu. You may also change
current options on the chart by selecting the Options icon from the SPC toolbar. You can also split control limits,
start the chart at a new point, and add comments (see the Single Point Actions section in this manual) as well as
remove all out of control points or set the range to base the control limits on (see the All Points Action section in
this manual).
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np Control Charts

An np control chart is used to monitor the variation in the number of defective items in a group of items. With this
chart, the subgroup size (n), the number of items in the group, must be the same each time. An item is defective if
it fails to conform to some preset specification (operational definition). The np control chart is used with "yes/no"
attributes data. This means that there are only two possible outcomes: either the item is defective or it is not
defective. For example: either the phone is answered or it is not answered. An example of how to make an np

control chart is shown below.

Example

An accounting supervisor is monitoring the number of defective invoices per day. A random sample of 100
invoices is taken each day. Each invoice is checked and rated as defective or not defective. The data is shown
below. In this case, the subgroup size is constant (100). np is the number of defective items. For example, on day

one, there were 22 defective invoices.

1. Enter the data into a spreadsheet as shown below.

Number of
Day .
Number Defectwe
Invoices (np)
1 22
2 33
3 24
4 20
5 18
6 24
7 24
8 29
9 18
10 27
11 31
12 26
13 31
14 24
15 22

2. Select the data under Day Number (the shaded area).

3. Select the following from the SPC Menu: Attribute Control
Chart = np Control Chart

4. Fill out the np Control Chart Input form. The ranges are
input at the top of the form; there are two pages on the
form: Chart Names & Labels and Control Limits & Other
Options.

a. Range containing the subgroup identifiers: This is
the range containing the subgroup numbers (dates
in the above example). The default value is the
range selected on the worksheet prior to selecting
the attribute control option on the toolbar.

b. Range containing the np values: This is the range
containing the number non-conforming (np). The
default value is the range next to the subgroup
identifiers unless you selected multiple ranges

13

np Control Chart Input

Range containing subgroup identifiers:

X
$G§3:5G518 -

Range containing np values: SHE3:5HE1E —

Chart Name & Labels | Gontrol Limits & Other Options |

Subgroup size for np charts: |

Name of Chart: |

Control Chart Title: | np Contral Chart

-Axis Label: ‘ Mumber Defective

X-Axis Label: ‘ Subgroup Number

Data in:

" Columns " Rows

Cancel

©BPI Consulting, LLC
Cypress, TX



using the control key.
c. Chart Names & Labels Page
i. Subgroup size for np chart: Enter the constant subgroup size. It is required.
ii. Name of Chart: This is very important. Decide what you want to call the chart. This will
be the name of the sheet that contains the chart in your workbook.
iii. Control Chart Title: This is the title that goes on the control chart. The default value is “p
Control Chart.”
iv. Y-Axis Label: This is the vertical axis label. The default value is “% Defective.”
v. X-Axis Label: This is the horizontal axis label. The default value is “Subgroup Number”
vi. Data in: Select columns or rows depending on how the data is entered into the
spreadsheet. The default depends on the range selection on the worksheet.
d. Control Limits & Other Options Page (shown to the right).
i. Test for Control: There are two options: EIXELESNEETINGH ]
points beyond the limits and the rules of Range containing subgroupidentfiers: | sgsa:sasts _|
seven (seven in a row above or below the Range contaongroveboes: [ 5R5RE ]
average, or seven in a row trending up or

Chart Nams B Labels Centrol Limits & Other Options ]

trending down).

ii. Automatic Update of Limits?: This RO Automatic Usdating of it
determines if the control limits are P rdesctsom creo
automatically updated when you add Print Average Limits:
additional data to the chart. Select “Yes” Target for Average: | @ on Avg. and Limits
if you want the control limits to & EETE
automatically update; no if you don’t Dates of Data Collection
want the limits to automatically update. Rowndng to se for Average [~ | ST
The default is yes. £

iii. Print Average/Limits: Selecting “On Avg.
-OK Cancel
and Limits” will print these on the lines in (=] J

the chart. Selecting “In Chart Title” will print the values in the chart title.

iv. Target for Average: This is the target value for the variable. It is not required.

v. Dates of Data Collection: Add the starting date and ending dates of data collection.
These dates are optional. If entered, they will appear in a dialog box in the lower left-
hand corner of the chart.

vi. Rounding to Use in Titles: This the rounding to use for the average and control limits
printed in the title. The default value is determined by the program.

5. Select OK.
6. The np control chart is generated on a new chart sheet. The np control chart for the example data is
shown below.

The values of np are plotted over time. The average (np ), the upper control limit (UCL), and the lower control
limit (LCL) are calculated using the equations below. k is the number of subgroups used in the calculations (k = 15
in this chart). The average is plotted as a solid green line and the control limits are plotted as red dashed lines.
The values for the average and control limits, along with the subgroup size, are printed on the chart or in the chart
title depending on the option selected. Out of control points are in red.

nﬁ:m 5:% UCL=np +3np(1-p) LCL = np —3ynp(1-p)

k

The above control limits are not valid for the “small np case.” This occurs when np <5 or n(1-p )< 5. In this case,
the program automatically calculates the control limits using the binomial distribution.
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np Control Chart: Number of Defective Invoices

40 -
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154
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10 4
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Subgroup Number

The np control chart can be updated when new data is added by selecting the Update Chart toolbar on the SPC
Menu. You may also change current options on the chart by selecting the Options icon from the SPC toolbar. You
can also split control limits, start the chart at a new point, and add comments (see the Single Point Actions section
in this manual) as well as remove all out of control points or set the range to base the control limits on (see the All
Points Action section in this manual).
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c Control Charts

A c control chart is used to monitor the variation in the number of defects. A defect occurs when something does
not meet a preset specification (operational definition). A c control chart is used with counting type attributes
data (e.g., 0, 1, 2, 3). These are whole numbers. In addition, to use a c control chart, two other conditions must be
true:

e The opportunity for defects to occur must be large.

e The actual number that occurs must be small.
With a c control chart, we are often looking at an area, not a group of items. For example, we may use a c control
chart to monitor injuries in a chemical plant. In this case, the subgroup is the plant. The opportunity for injuries to
occur is large; the actual number that occurs is small relative to the opportunity. With a c control chart, the area of
opportunity for defects to occur must be constant. For more information on c control charts, please see our July
2004 newsletter on c control charts on our website (http://www.spcforexcel.com/articleslist.htm). An example of
how to construct a ¢ control chart is given below.

Example

A distributor is monitoring the number of returned goods per day. The data is shown below. “c” is the number of
returned goods each day. For the first date, there were 20 goods returned.

1. Enter the data into a spreadsheet as shown below.

Day Number of Returned
Goods (c)

2/1/2008 20

2/2/2008 24

2/3/2008 14

2/4/2008 32

2/5/2008 28

2/6/2008 16

2/7/2008 19

2/8/2008 32

2/9/2008 27

2/10/2008 25

2/11/2008 24

2/12/2008 12

2/13/2008 17

2/14/2008 44

2/15/2008 13
2. Select the data under (the shaded area).
3. Select the following from the SPC Menu: Attribute Control (RIS X

Chart Sc Control Chart Range containing subgroup identifiers: lm
4. Fill out the c Control Chart Input form. The ranges are input | Range containng cvalues: susa:ssis |
at the top of the form; there are two pages on the form: Chart Name & Labes | Control Limis & Other Options |

Chart Names & Labels and Control Limits & Other Options.

a. Range containing the subgroup identifiers: This is
the range containing the subgroup numbers (dates
in the above example). The default value is the
range selected on the worksheet prior to selecting X-Axis Lebel: | Subgroup Number

Name of Chart: ‘

Control ChartTitle: | c Control Chart

¥-Axis Label: ‘ Number of Defects

the attribute control option on the toolbar. Data in:
b. Range containing the c values: This is the range OEoTE  WiE
containing the number of defects (c). The default
16 Cancel
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value is the range next to the subgroup identifiers unless you selected multiple ranges using the
control key.
c. Chart Names & Labels Page
i. Name of Chart: This is very important. Decide what you want to call the chart. This will
be the name of the sheet that contains the chart in your workbook.
ii. Control Chart Title: This is the title that goes on the control chart. The default value is “p
Control Chart.”
iii. Y-Axis Label: This is the vertical axis label. The default value is “% Defective.”
iv. X-Axis Label: This is the horizontal axis label. The default value is “Subgroup Number”
v. Data in: Select columns or rows depending on how the data is entered into the
spreadsheet. The default depends on the range selection on the worksheet.
d. Control Limits & Other Options Page (shown to the right) .
i. Test for Control: There are two options: [EXE i RaEnanT: X
points beyond the limits and the rules of | ranoe containing subgroup densiers: [ “srsarstaas -
seven (seven in a row above or below the | nugeconiingcvaes: [ swswsmsss o
average, or seven in a row trending up or
trending down).

Chart Name & Labels Control Limits & Other Options ]

i i imits?: i [eti— L
ii. Automatic Update of Limits?: This ¥ B s itie] P
determines if the control limits are ¥ Rules of Seven ot vt
. rint Average /Limits:
automatically updated when you add - .
.. * On Avg. and Limits
additional data to the chart. Select “Yes” Terget for Average: P

if you want the control Ilimits to
automatically update; no if you don’t

Dates of Data Collection

Rounding to Use for Average ’T Start:
want the limits to automatically update. | ™'m=ene® e |
The default is yes.
iii. Print Average/Limits: Selecting “On Avg. Cancel

and Limits” will print these on the lines in
the chart. Selecting “In Chart Title” will print the values in the chart title.

iv. Target for Average: This is the target value for the variable. It is not required.

v. Dates of Data Collection: Add the starting date and ending dates of data collection.
These dates are optional. If entered, they will appear in a dialog box in the lower left-
hand corner of the chart.

vi. Rounding to Use in Titles: This the rounding to use for the average and control limits
printed in the title. The default value is determined by the program.

5. Select OK.
6. The c control chart is generated on a new chart sheet. The c control chart for the example data is shown
below.

The values of ¢ are plotted over time. The average (¢ ), the upper control limit (UCL), and the lower control limit
(LCL) are calculated using the equations below. k is the number of subgroups used in the calculations (k = 15 in the
example). The average is plotted as a solid green line and the control limits are plotted as red dashed lines. The
values for the average and control limits, along with the subgroup size, are printed on the chart or in the chart title
depending on the option selected. Out of control points are shown in red.

E:% UCL=c+34c LCL=c-34c

These control limits are valid only if C> 3. The program will automatically use the Poisson Distribution to
determine the control limits if the average is less than 3.
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¢ Control Chart
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The np control chart can be updated when new data is added by selecting the Update Chart toolbar on the SPC
Menu. You may also change current options on the chart by selecting the Options icon from the SPC toolbar. You
can also split control limits, start the chart at a new point, and add comments (see the Single Point Actions section
in this manual) as well as remove all out of control points or set the range to base the control limits on (see the All
Points Action section in this manual).
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u Control Charts

A u control chart is used to monitor the variation in the number of defects. A defect occurs when something does
not meet a preset specification (operational definition). A u control chart is used with counting type attributes
data (e.g., 0, 1, 2, 3). These are whole numbers. You can not have 1/2 defect. In addition, to use a u control chart,
two other conditions must be true:

e The opportunity for defects to occur must be large.
e The actual number that occurs must be small.

With a u control chart, we are often looking at an area of opportunity for defects to occur. A u control is similar to
a c control chart, except that the area of opportunity for defects to occur is not constant.

For more information on u control charts, please see our July 2007 newsletter on u control charts on our website
(http://www.spcforexcel.com/articleslist.htm). An example of how to construct a u control chart is shown below.

Example

You have a new device that is being used in a hospital. It rarely produces one kind of infection, but you want to
track how often that happens. You measure the number of days that the device is in use each month and the
number of infections that occurred. The data is shown below. You decide to make your inspection unit 1000 days.
So, the u control chart will be monitoring the number of infections per 1000 device-days. Using the data below,
the program will automatically determine the subgroup size (n) and the values of u. ForJan, n =number of
device-days/1000 = 2500/1000 = 2.5 and u=¢/n=5/2.5=2.0

1. Enter the data into a spreadsheet as shown below.

Number of

Month . No. of Infections
Device-Days

Jan 2500 5
Feb 4000 4
Mar 1000 3
Apr 3500 5
May 3000 3
Jun 4500 6
Jul 2500 4
Aug 3500 2
Sep 2000 6
Oct 3250 3
Nov 3500 4
Dec 3000 5

2. Select the dates (the shaded area).

Select the following from the SPC Menu: Attribute Control Chart = u Control Chart

4. Fill out the u Control Chart Input form shown on the next page.. The ranges are input at the top of the
form; there are two pages on the form: Chart Names & Labels and Control Limits & Other Options.

a. Range containing the subgroup identifiers: This is the range containing the subgroup numbers
(dates in the above example). The default value is the range selected on the worksheet prior to
selecting the attribute control option on the toolbar.

b. Range containing the n values: This is the range containing the subgroup size (n). The default
value is the range next to the subgroups unless you selected multiple ranges using the control
key. Note thatis “n” is the raw subgroup size and does not account for the size of an inspection
unit.

w
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5.

c. Range containing the c values: This is the range containing the number of defects (c). The default
value is the range next to the n values unless

you selected multiple ranges using the control FRELIIGELAET: E3]
key. Range containing subgroup identifiers: lm
d. Chart Names & Labels Page Range containingnvalues: | SRe#sRs1s _|
vii. Inspection Unit: Enter the size of the | . contmngevaies [ ssemssns -]
inspection unit. In this example, we Chert Mmoo | conteo s . ther Optios |
selected 1000. You can pick any o
number although the choice impacts E—
the scaling of the chart. Control Chart Title: | u Control Chart
viii. Name of Chart: This is very important.
R ¥-Axis Label: | Defects per Inspection Unit
Decide what you want to call the chart.
This will be the name of the sheet that co BT
contains the chart in your workbook. EEZ'I”U;HS -
ix. Control Chart Title: This is the title that
goes on the control chart. The default
value is “p Control Chart.” e
X. Y-Axis Label: This is the vertical axis
label. The default value is “% Defective.”
xi. X-Axis Label: This is the horizontal axis label. The default value is “Subgroup Number”
xii. Data in: Select columns or rows depending on how the data is entered into the

spreadsheet. The default depends on the range selection on the worksheet.

e. Control Limits & Other Options Page (shown to the right).

Select OK.

Xiii.

Xiv.

XV.

XVi.

Xvii.
Xviii.

XiX.

Test for Control: There are two options: [t aneT: X
points beyond the limits and the rules of | range contsining subgroup identiers: | sqsarsaess -

seven (seven in a row above or below Renge containngnvelues: | R8aRE15 <]

the average, or seven in a row trending e ETETEC

up or trending dOWn). Chart Names & Labals  Control Limits & Othar Optians |
Automatic Update of Limits?: This

. . . . Tests for Control Automatic Updating of Limits?
determines if the control limits are ¥ Fomis Bevond Lits: @ ves wi
automatically updated when you add ¥ Rules of Seven

ey Print A fLimits:
additional data to the chart. Select e it AvsrmeEm

. . . iased Limts on Average n? (;‘-O Ava. d Limits
“Yes” if you want the control limits to  ves & No o et

X . , " In Chart Title
automatically update; no if you don’t

o . . T: t for A :
want the limits to automatically update. Frostibr Avsreee Dates of Data Colecton

Start:

The defa u |t iS yeS, Rounding to Use for Average ’T
End:

Based Limits on Average n? Select no to et
change the limits each time the e
subgroup size changes. Select Yes to oo
base the limits on the average subgroup size. The default value is No.

Print Average/Limits: Selecting “On Avg. and Limits” will print these on the lines in the
chart. Selecting “In Chart Title” will print the values in the chart title.

Target for Average: This is the target value for the variable. It is not required.

Dates of Data Collection: Add the starting date and ending dates of data collection.
These dates are optional. If entered, they will appear in a dialog box in the lower left-
hand corner of the chart.

Rounding to Use in Titles: This the rounding to use for the average and control limits
printed in the title. The default value is determined by the program.

6. The u control chart is generated on a new chart sheet. The u control chart for the example data is shown

below.

20 ©BPI Consulting, LLC
Cypress, TX



u Control Chart: Medical Device

Infections per 1000 Device-Days

T T T T T T T T T T |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

The u values are plotted over time. The average (U ), the upper control limit (UCL) and the lower control limit
(LCL) are calculated using the equations below. There is no LCL in this example (it is negative). The average is
plotted as a green solid line and the control limits are plotted as red dashed lines. The values for the average and
control limits (based on the average subgroup size, n ) are printed on the chart or in the chart title depending on
the option selected. Out of control points are in red.

GoX© UCL:U+3\/E lcL=u-3,/%
>n n n

The control limits will be based on the actual subgroup size for each point. If the subgroup size varies, the control
limits will also vary (as shown in the above example). These control limits are valid only if ¢ > 3. The program will
automatically use the Poisson Distribution to determine the control limits if the average is less than 3.

The u control chart can be updated when new data is added by selecting the Update Chart toolbar on the SPC
Menu. You may also change current options on the chart by selecting the Options icon from the SPC toolbar. You
can also split control limits, start the chart at a new point, and add comments (see the Single Point Actions section
in this manual) as well as remove all out of control points or set the range to base the control limits on (see the All
Points Action section in this manual).
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Variable Control Charts

This program constructs the variable control charts listed in the form below. The data entry depends on the type
of control chart you are using. T here is also an option to make subgroups from data in a single column. This
option, along with the variable control charts, is described in this section.

You access this feature by selecting the variable control chart icon (red '.Z) from the SPC menu. You will then see
the form below. Select the type of chart you want to make. Each variable control chart is described below

Variable Charts X

" ¥bar-s Chart &=

¢~ Moving Average &
Maving Range Chart

Select Type of Chart

¢~ X-MR (Individuals)
Chart

¢ Table X-MR.
{Individuals) Chart

" Run Chart

Mske Subgroups From Single Column ‘

Xbar-R Control Chart, Xbar-s Control Charts, and Moving Average/Moving Range
Charts

An X -R control chart is used to examine the variation in variables data. Variables data are “measurements” (e.g.,
height, weight, time, dollars, and density). This control chart is used when you have lots of data and a method of

rationally subgrouping the data. For more information on X -R control charts, please see our March 2005 and
April 2005 newsletters on X -R control charts on our website (http://www.spcforexcel.com/articleslist.htm).

The X -s control chart is identical to the X -R control chart except that the subgroup standard deviation is used
instead of the range. The steps in developing both control charts are the same in the program.

A moving average/moving range (MA/MR) chart is very similar to the X -R chart. The only major difference in
constructing a MA/MR chart is in how the subgroups are formed. The MA/MR chart reuses data. You use a
MA/MR chart when you have infrequent data that is not normally distributed. The steps in constructing the

moving average/moving range chart is the same as the X -R control charts. Please refer to the end of this section
to see how the subgroups are formed using a Moving Average/Moving Range chart.
An example of an X -R control chart is given below.

Example

A company wants to monitor sales. They have daily sales and decide to use an Xbar-R chart to monitor sales. The
data is given below. A subgroup consists of the daily sales for one week.

1. Enter the datainto a spreadsheet as shown below.
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w

N\tljvrflzlt(er Monday Tuesday Wednesday Thursday Friday
1 33.0 33.1 26.4 28.3 28.9
2 30.0 30.1 29.2 31.5 28.4
3 31.8 29.4 28.0 26.9 32.2
4 28.5 34.0 33.6 29.7 33.4
5 27.2 27.6 30.6 30.1 27.4
6 30.5 30.5 28.1 37.7 28.7
7 35.4 31.3 27.8 31.3 33.0
8 33.6 33.3 26.4 32.4 34.1
9 35.8 34.1 30.1 30.3 26.1
10 30.4 32.6 32.5 25.2 32.1
11 26.9 32.4 29.0 26.8 29.3
12 28.0 28.2 25.5 31.1 344
13 29.1 31.6 29.0 33.1 30.9
14 26.4 30.8 34.0 27.0 31.7
15 27.4 26.0 28.2 27.9 27.3

Select the data (the shaded area)

Select the following from the SPC Menu: Variable Control Chart = Xbar-R chart
Fill out the Xbar-R Control Chart Input form.

The ranges are input at the top of the form;
there are three pages on the form: Subgroup | Rewcomsnnssboaamenthon | sasassis .|
Size/Chart Name/Labels/Chart Options, | "o cmenmoas: | ssireis ]

Subgroup Size[Chart Hame/Labels/Chart Options } Miscellznaous Options | Control Limit Options |

Miscellaneous Options, and Control Limit
Options Subgroup Size: [ 5 NameofChart: |
a Range Containing the Subgroup Xbar Chart Title and Labels R Chart Title and Labels
s . . Title: bar Char Title: =
Identifiers: This is the range that L ELE | Rehat
Contains the SUng’OUp numbeI’S The ¥-Axis Label: | Subgroup Average Y-Axis Label: | Subgroup Range
default value is the first column in the Xudalabe: | Subgroup tmber s =
. . har’ ions .
range you selected prior to selecting oy e —
. . . . olumns OWS

the variable control chart option in the  oar and R Cherts - Diffrent Worksheets
tOO I ba r " Xbar and R Charts - Same Worksheet

b. Range Containing the Data: This is the
range containing the data. The default M
range is the range you selected prior to
selecting the variable control chart option excluding the first column in the range.
c. Subgroup Size/Chart Name/Labels/Chart Options Page
i. Subgroup Size: This is the subgroup size. The default value is the number of columns
minus one in the range you selected prior to selecting the variable control chart option
in the toolbar. THIS VALUE DETERMINES WHAT DATA IS INCLUDED.
ii. Name of Chart: This is very important. Decide what you want to call the chart. This will
be the name of the sheet that contains the chart in your workbook.
iii. Xbar Chart Title and Labels
e Title: This is the title that goes on the control chart. The default title is Xbar

Chart.

e  Y-Axis Label: This is the vertical axis label. The default label is Subgroup
Average.

e  X-Axis Label: This is the horizontal axis label. The default label is Subgroup
Number.

iv. R Chart Title and Labels
e Title: This is the title that goes on the range chart. The default title is R Chart.
e  Y-Axis Label: This is the vertical axis label. The default label is Subgroup Range.
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v. Chart Options
e Xbar Chart Only: only the X chart is constructed. This is the default option
e Xbar and R Charts — Different Worksheets: Both the X and range charts are
constructed but on different worksheets.
e Xbar and R Charts — Same Worksheet: Both the X and range charts are
constructed on the same worksheet.

vi. Data in: Select columns or rows depending on how the data is entered into the
spreadsheet. The program selects one or the other depending on the range selected on
the worksheet.

d. Miscellaneous Options Page
i. Tests for Control: There are three
options for interpreting the charts
for control: points beyond the | Fesecermnnsteuntatfes | s .|
limits, the rules of seven (seven jn | == | essual
a row above or below the average | oo Mt | ol o crer|

Xbar-R Control Chart Input

Tests for Control

or trending up or down) and the i

g up ) % Faris Berend i Print AverageLimits Dates of Data Collection
zone tests (zones A, B, C, % e of seven & 0n Ava, and Linis Start:
stratification, mixtures). The zone W zone Tests e End:

tests are not applied to range or
standard deviation charts. If an

Rounding to Use for Average ,*
Target for Average: and Limits on Chart: !

. . . Allow Values Below 07 Generate New/Update Existing Capabilty Chart?
out of control situation is detected, Fves o -, o
the points on the chart will be in
red.

ii. Target for Average: This is the =1
target value for the variable. It is J

not required.

iii. Print Average/Limits: There are two options.

e On Avg. and Limits: This option prints the average and control limits values on
the lines. This is the default option.
e In Chart Title: This option prints the values in the control chart title.

iv. Allow values below 0?: Sometimes, it is not possible for the variable to have values
below 0. If that is the case, select “No” for this option. The default value is “Yes.”

v. Generate New/Update Existing Capability Chart? Select Yes to do a process capability
analysis. The default option is No. See the Process Capability section in this manual for
more information.

vi. Dates of Data Collection: Add the starting date and ending dates of data collection.
These dates are optional. If entered, they will appear in a dialog box in the lower left-
hand corner of the chart.

vii. Rounding to Use in Titles: This is the rounding to use for the average and control limits
printed in the title. If the first cell in the range has been formatted, this format is used.
If not, the value entered here is used for rounding. The program will estimate the
rounding in the data.

e. Control Limits Options Page

i. Update of Limits?: This determines if the control limits are automatically updated when
you add additional data to the chart. Select “Yes” if you want the control limits to
automatically update; No if you don’t want the limits to automatically update. The
default value is Yes.
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ii. The rest of this dialog box is used [ECHEEEIRaL AT

Only |f yOU want to Change the Range Containing Subgroup Identifiers: SASHSAS1E o
default way the program Rengs ContainingData: | 85467515 =

calculates the control limits. The Subgroup Size/Chart Name/Labels/Chart Options | Miscellaneous Options  Gantral Limit Options }
program uses the equations Automatic Updating of Limits? Control Limit Options: If you change
. . . o - the options below, you will change
glVEn n thIS man Ual for the +/- h= kB the way the contral limits are Mare Info
calculated. Click the button to the
three sigma limits. There are T
two other options you have: W Base ControlUmtson +/- | 3 Sgma
° Base Control |ImItS on Additional Lines: First Second
u,n o s Sigma Sigma
+/- “x” sigma: You can OR
select the sigma limits
X I™ Enter Your Own Limits Additional Lines:
you want to use in the Frst Secord

control chart. The = L Center Line
default value is 3. DO

NOT CHANGE Cancel

ANYTHING IF YOU

9

WANT THE PROGRAM TO USE THE STANDARD CONTROL LIMIT EQUATIONS.
You can also add two additional lines to the charts (above and below the
average). Any values entered for these additional lines are ignored if the 3
sigma limits are being used. If you use any other value than 3 sigma for the
control limits, the zone tests for out of control points will not be applied since it
is no longer valid.

e Enter your own limits: You may also enter your own values for the X chart
control limits. An additional two lines can also be added to the chart. The
values entered here must be between the average and the UCL entered. The
program will add them automatically to the area between the average and the
LCL.

Select OK and the control charts are generated as shown on the next page.

The X -R chart is really two charts. The top chart is the X chart. This chart looks at the variation in subgroup
averages. The subgroup average is the average of the individual results in the subgroup. The bottom chart is the
range chart. The subgroup range is the largest result minus the smallest result in the subgroup.

The values of X and the range are plotted over time. The average and control limits for both charts are calculated
using the equations below.

X Chart Equations:

= i = — = —
XzzT UCL=X+A,R LCL=X-A,R

Range Chart Equations:

Q>
Il

_ R _ _
R:zT UCL=D,R LCL=D,R '

,f,:"|:o|

The average is plotted as a green solid line and the control limits are plotted as red dashed lines on both charts.
For the equations below, k is the number of subgroups. A,, Ds;, and D,, d, are constants used in the calculations for
charts. See the newsletter on our website for more information about these constants. The values for the average
and control limits are printed on the respective charts
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s Chart Equation:

ubgroup Average

S
N
©

Subgroup Range

X Chart Equations:
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Subgroup Number

R Chart
(s=2.7)

FUCLE18.8m — = — = e

8.0 q

&Avg=6.u /\

6.0

4.0 4

2.0

0.0

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

UCL=X+A,5 LCL=X-A,3

A X -s chart is very similar to the X -R chart. Instead of using the subgroup range, the X -s chart uses the subgroup
standard deviation to determine process variability. It is usually used when your subgroup is greater than or equal
to 10. For the equations below, k is the number of subgroups. As, Bs, and B4, C; are constants used in the
calculations for the charts.
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=2 UCL=B,S LCL =B,5 &=
k c,

The control limit equations for the Moving Average/Moving Range chart are identical to the X -R chart. The
difference in these two types of chart is how you subgroup the data. The MA/MR chart reuses data. For example,
the data below shows the accounts receivable for each week. The data could be regrouped into subgroup sizes of
three using a MA/MR chart. The first subgroup for the MA/MR chart is formed using the first three results (for the
weeks of 2/5, 2/12 and 2/19. The second subgroup for the MA/MR chart uses the weeks of 2/12 and 2/19 and
then adds in the week of 2/26. This continues for each of the remaining samples. You use a MA/MR chart when
you have infrequent data that is not normally distributed.

Accounts Subgroup

Week of Receivable Number 1 2 3
2/5 110 1 110 104 98
2/12 104 2 104 98 112
2/19 98 3 98 112 113
2/26 112 4 112 113 100
3/5 113 5 113 100 89
3/12 100 6 100 89 113
3/19 89 7 89 113 109
3/26 113 8 113 109 105
4/2 109 9 109 105 108
4/9 105 10 105 108 95
4/16 108 11 108 95 101
4/23 95 12 95 101 98
4/30 101 13 101 98 100
5/7 98 14 98 100 105
5/14 100 15 100 105 103
5/21 105 16 105 103 99
5/28 103 17 103 99 112
6/4 99 18 99 112 98

6/11 112

6/18 98

These control charts can be updated when new data is added by selecting the Update Chart toolbar on the SPC
Menu. You may also change current options on the chart by selecting the Options icon from the SPC toolbar. You
can also split control limits, start the chart at a new point, and add comments (see the Single Point Actions section
in this manual) as well as remove all out of control points or set the range to base the control limits on (see the All
Points Action section in this manual).
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X-mR (Individuals) Control Charts

An individuals control chart (with a moving range of two) is used to examine the variation in variables data.
Variables data are “measurements” (e.g., height, weight, time, dollars, and density). This chart is used when you
have limited data (for example, one data point per day or per week). It is also useful when data are difficult to
obtain. To use this chart, the individual measurements should be normally distributed, i.e., a histogram of the
individual measurements is bell-shaped.

For more information on X-mR control charts, please see our October 2006 newsletter on X-mR control charts on
our website (http://www.spcforexcel.com/articleslist.ntm). An example of an individuals control chart is given
below.

Example

In this example, the dollar value of accounts receivable past due 90 days is being monitored. We want to use an X-
mR control chart to analyze the process. The data collected is shown below.

1. Enterthe datainto a spreadsheet as shown below.

Accounts
Week of Receivable
2/5/2008 110
2/12/2008 104
2/19/2008 98
2/26/2008 112
3/4/2008 113
3/11/2008 100
3/18/2008 89
3/25/2008 113
4/1/2008 109
4/8/2008 105
4/15/2008 108
4/22/2008 95
4/29/2008 101
5/6/2008 98
5/13/2008 100
5/20/2008 105
5/27/2008 103
6/3/2008 99
6/10/2008 112
6/17/2008 98

2. Select the weeks (the shaded area)
Select the following from the SPC Menu: Variable Control Chart - Xm-R chart
4. Fill out the X-mR Control Chart Input form below. The ranges are input at the top of the form; there are
three pages on the form: Subgroup Size/Chart Name/Labels/Chart Options, Miscellaneous Options, and
Control Limit Options.
f.  Range Containing the Subgroup Identifiers: This is the range that contains the subgroup numbers.
The default value is the first column in the range you selected prior to selecting the variable
control chart option in the toolbar.
g. Range Containing the Data: This is the range containing the data. The default range is the range
you selected prior to selecting the variable control chart option excluding the first column in the
range.

w
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h. Subgroup Size/Chart Name/Labels/Chart EEIETIRe G EHIINT: 5]
Options Page Range Containing Sample Identifiers: | SNS4:eNS23
i. Name of Chart: This is very Range Containing Data: $054:50823 —
im po rtant. Decide what you wa nt Chart Hame{Labels/Chart Opions | Miscellaneous Options | Gontrol Limit Opfions |

to call the chart. This will be the | '@t [l
. hart Title and Labels: Moving Range Chart Title and Labels:
name of the sheet that contains | " ™"
the chart in your workbook e (Aduaek Gt s Moving Range Chart
ii. X Chart Title and Labels Yohuestabel: | Resuit ) vovng Rang
o Title: This is the title that | e[ st S
Chart Options
goes on the control chart. & % Chart ety .
The default title is X Chart. £ X and Maving Range Charts -Different Worksheets | | & Coumns  (~ Rows
. . . " X and Moving Range Charts - Same Workshee
e Y-Axis Label: This is the e e O i

vertical axis label. The
default label is Subgroup

e

Average.
e  X-Axis Label: This is the horizontal axis label. The default label is Subgroup
Number.
ii. R Chart Title and Labels
e Title: This is the title that goes on the range chart. The default title is R Chart.
e  Y-Axis Label: This is the vertical axis label. The default label is Subgroup Range.
Chart Options
e X Chart Only: only the X chart is constructed. This is the default option
e X and Moving Range Charts — Different Worksheets: Both the X and moving
range charts are constructed but on different worksheets.
e X and Moving Range Charts — Same Worksheet: Both the X and moving range
charts are constructed on the same worksheet.

v. Data in: Select columns or rows depending on how the data is entered into the
spreadsheet. The program selects one or the other depending on the range selected on
the worksheet.

i.  Miscellaneous Options Page

i. Tests for Control: There are [EEIILE VAT N EANNAT X
three options for interpreting | range containing Sample dentifiers: | shis=-sns2s |
the charts for control: points | rage contaringpete: | sosarsoszs -]
beyond the limits, the rules ChartName/LsbeChart Options  Wscslinsous Oztens | Contr Lt Options |

-

-E.

Of seven (Seven In a row =R ET] Print Average [Limits: Dates of Data Collection
above or below the average v Foi & On v, and Linits Start
or trending up or dOWn) and [¥ Rules of Seven £ In Chart Title End:
v z Tests
the zone tests (zones A, B, C, e
stratification, mixtures). The Allow Values Belaw 02
! ), Torgetfor Average:s | ogidngioussforaversge [T g oy
zone tests are not applied to '
range or standard deviation Generate New/Update Cok Chart?
charts. If an out of control C Yes @ o

situation is detected, the
points on the chart will be in
red. cance |
ii. Print Average/Limits: There

are two options.
e On Avg. and Limits: This option prints the average and control limits values on

the lines. This is the default option.
e In Chart Title: This option prints the values in the control chart title.
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iii. Dates of Data Collection: Add the starting date and ending dates of data collection.
These dates are optional. If entered, they will appear in a dialog box in the lower left-
hand corner of the chart.

iv. Target for Average: This is the target value for the variable. It is not required.

V. Rounding to Use in Titles: This is the rounding to use for the average and control limits
printed in the title. If the first cell in the range has been formatted, this format is used.
If not, the value entered here is used for rounding. The program will estimate the
rounding in the data.

vi. Allow values below 0?: Sometimes, it is not possible for the variable to have values
below 0. If that is the case, select “No” for this option. The default value is “Yes.”

vii. Generate New/Update Existing Capability Chart? Select Yes to do a process capability
analysis. The default option is No. See the Process Capability section in this manual for
more information.

j. Control Limits Options Page X-mR Individuals Control Chart Input X
i. Automatic  Updating  Of | rance contsining Sample dentfiers: | sns:sns2s — |
Limits?: This determines if | rargecontaningoste: [ sosweoszs -

the control limits are Chart Name/Labe/Chart Options | Mscslansous Ostions  Control Lt Optons |
automatically updated when Automatic Updating of Limits? | Control Limit Options: If you change
dd additional data t o=l W e vy e ot e e
you a a itiona ata o calcillab’ed. Click the button to the
th ec h a rt. Se Iect ”Yes" If yOU right for more information,
want the control ||m|ts to I¥ Base Control Limits on +f- 3 Sigma
automatica”y Update; NO If Additional Lines: First Second )
. . Sigma igma
you don’t want the limits to oR
automatically update. The B
A [ Enter Your Own Limits and Center Line Additional Lines:
default value is Yes. First second

ii. The rest of this dialog box is w [ e [ et
used only if you want to
change the default way the cance |
program  calculates the
control limits. The program uses the equations given in this manual for the +/- three
sigma limits. There are two other options you have:

e Base control limits on +/- “x” sigma: You can select the sigma limits you want
to use in the control chart. The default value is 3. DO NOT CHANGE ANYTHING
IF YOU WANT THE PROGRAM TO USE THE STANDARD CONTROL LIMIT
EQUATIONS. You can also add two additional lines to the charts (above and
below the average). Any values entered for these additional lines are ignored if
the 3 sigma limits are being used. If you use any other value than 3 sigma for
the control limits, the zone tests for out of control points will not be applied
since it is no longer valid.

e Enter your own limits: You may also enter your own values for the X chart
control limits. An additional two lines can also be added to the chart. The
values entered here must be between the average and the UCL entered. The
program will add them automatically to the area between the average and the
LCL.

5. Select OK.
6. The X-mR chart is generated as shown on the next page.

An X-mR control chart is really two charts. The top chart is the X chart where the individual result (accounts
receivable past due 90 days for a week) is plotted. For example, the first point corresponds to $110,000 in past
due receivables for the first week (2/6). The second point corresponds to $104,000 for the second week (2/13).
The bottom chart is the moving range chart. The moving range between consecutive points is plotted on this
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chart. For example, the range between accounts receivable past due for 90 days between the week of 2/6 and
2/13is $110,000 - $104,000 = $6,000. There is no range corresponding to the first data point on the X chart.

Individuals Chart

FUCLE124.8 — — — — — — o oo
122 4
112 4
= L Avg=103.6
£ 102—Avg 103.
3
@
92 4
82 FLOL=82.0— = = = — e e e
72 - - - - - - - -
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Sample Number

The values of X and the moving range are plotted over time. The average and control limits for both charts are
calculated using the equations below. The average is plotted as a green solid line and the control limits are plotted
as red dashed lines on both charts. For the equations below, k is the number of samples (individual X values).

X Chart Equations:

i:% UCL=X+2.66R LCL=X-2.66R
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Moving Range Chart Equations:

_ R _ . R
R 22— UCL=3.27R LCL =None 6'=——
k-1 1.128
The values for the average and control limits are printed on the respective charts. The estimated standard
deviation is printed on the range chart with the estimated standard deviation =s.

The X-mR chart can be updated when new data is added by selecting the Update Chart toolbar on the SPC Menu.
You may also change current options on the chart by selecting the Options icon from the SPC toolbar. You can also
split control limits, start the chart at a new point, and add comments (see the Single Point Actions section in this
manual) as well as remove all out of control points or set the range to base the control limits on (see the All Points
Action section in this manual).
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Table X-MR (Individuals) Charts
This option is used to generate multiple individual control charts at the same time. You can either generate the
charts one at a time (loops through the dialog box each time) or all at once using chart names and labels that

already are entered on the worksheet.

Generate Charts One at a Time

Sample Result 1 Result 2
1. Enter the datainto a spreadsheet as shown to the right. 1 98.5 93.61
a. The sample numbers are in one column. 2 101.22 106.38
b. The results are in the adjacent columns. 3 105.99 108.67
2. Select the sample numbers (shaded area). 4 89.08 98.83
3. Select the following from the SPC Menu: Variable Control Chart > 5 105.48 94.57
Table X-mR (Individuals) Chart 6 96.55 91.55
4. Fill out the X-mR Control Chart Input form. U 20.77 3511
a. This is the same form described in detail the X-mR chart 8 96.13 89.41
section of this manual. 2 97.16 97.98
10 100.67 98.17

bl

Select OK.

6. The first chart will be constructed. The program then moves to the next column and shows the X-mR
Chart Input form again.

7. This continues until a blank cell is found for sample 1.

Generate Charts All at Once

1. Enterthe data into a spreadsheet as shown to the right. Name Chart 1 Chart 2
a. The sample numbers are in one column. Y Label Y Y
b. The results are in the adjacent columns. X Label X X
c. The chart names are in one row. These names must be
unique and cannot match any existing worksheet tab | Sample Result 1 Result 2
names. 1 98.5 93.61
d. TheY and X labels must be in one row. 2 101.22 106.38
2. Select the sample numbers (shaded area). Z 12322 18:2;
3. Select the following from the SPC Menu: Variable Control Chart - 5 105:48 94:57
Table X-mR (Individuals) Chart 6 96.55 9155
4. Select the following from the SPC Menu: Variable Control Chart > 7 90.77 9511
Table X-mR (Individuals) Chart ) 96.13 89.41
5. Fill out the X-mR Control Chart Input form. 9 97.16 97.98
a. This is the same form described in detail the X-mR chart 10 100.67 98.17

section of this manual.
b. All the charts will be based on the information you enter into the form.
c. Leave the name of the chart blank.
6. Select the Miscellaneous Options Page (see below).
a. In the lower right hand side of the dialog box is “Base Labels on Cell Locations and Run
Automatically.” Select Yes.
b. You will see the form shown on the next page.
i. Select the row containing the title (name of chart), the Y labels, and the X labels. Then
select OK.
c. This returns you to the individuals control chart form.
d. Select OK. This will generate all the charts automatically.
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Mutliple Individual Charts

Select Row/Column Containing Titles:

Select Row /Column Containing ¥ Labels:

Select Row/Column Containing X Labels:

=

Cancel

X-mR Individuals Control Chart Input
Range Containing Sample Identifiers: SAS6:8AS15 o
$B$5:$8815 —

Chart Mame/Labels/Chart Opticns  Miscellaneous Options ]Cormol Limit Options |

Range Containing Data:

Tests for Control

Print AverageLimits: Dates of Data Collection

o H Start:
I iPoints Beyond Limits B O T
[¥ Rules of 5 -
LS orseven € In Chart Title End:
W Zone Tests
Allow Values Below 07
Target for Average: Zﬁg?w&?ﬂucsﬁaﬁ[ Average 2 % Yes " No

Base on Cel Locations and Run
Automatically?

Generate New/Update Cpk Chart?

" Yes " No
" Yes & No

(3

Cancel

Charts made with the Table X-mR can be updated when new data is added by selecting the Update Chart toolbar
on the SPC Menu. You may also change current options on the chart by selecting the Options icon from the SPC
toolbar. You can also split control limits, start the chart at a new point, and add comments (see the Single Point
Actions section in this manual) as well as remove all out of control points or set the range to base the control limits

on (see the All Points Action section in this manual).
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Run Charts

A run chart plots the points over time and adds an average line to the chart. It is not a control chart as such but
you can apply the rule of seven tests to the run chart. An example of how to make a run chart is shown below.

Example

In this example, the dollar value of accounts receivable past due 90 days is being monitored. We want to use a run
chart t to analyze the process. The data collected is shown below.

1.

w

Enter the data into a spreadsheet as shown below.

Week of Accgunts
Receivable
2/5/2008 110
2/12/2008 104
2/19/2008 98
2/26/2008 112
3/4/2008 113
3/11/2008 100
3/18/2008 89
3/25/2008 113
4/1/2008 109
4/8/2008 105
4/15/2008 108
4/22/2008 95
4/29/2008 101
5/6/2008 98
5/13/2008 100
5/20/2008 105
5/27/2008 103
6/3/2008 99
6/10/2008 112
6/17/2008 98

Select the weeks (the shaded area)

Select the following from the SPC Menu: Variable Control Chart < Run Chart

Fill out the Run Control Chart Input form.
The ranges are input at the top of the form;
there are two pages on the form: Chart
Names/Labels and Other Options.

a. Range Containing the Sample
Identifiers: This is the range that
contains the sample identifiers.
The default value is the first
column in the range you selected
prior to selecting the variable
control chart option in the toolbar.

b. Range Containing the Data: This is
the range containing the data. The
default range is the range you
selected prior to selecting the

Run Chart Input
Range containing sample identifiers: | SA$2:3A521 —
Range Containing Data: $B52:58521 —

Chart Name/Lsbsls } Other Options |

Name of Chart: |

Run Chart Title and Labels:

Title: Run Chart
Y-fuds Label: | X

X-Axis Label: | Sample Number

Datain:

& Columns

" Rows

X

o

variable control chart option excluding the first column in the range.
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5.

c. Chart Name/Labels Page
i. Name of Chart: This is very important. Decide what you want to call the chart. This will
be the name of the sheet that contains the chart in your workbook.

Title: This is the title that goes on the | chart. The default title is Run Chart.
Y-Axis Label: This is the vertical axis label. The default label is X.

X-Axis Label: This is the horizontal axis label. The default label is Sample Number.

Data in: Select columns or rows depending on how the data is entered into the
spreadsheet. The program selects one or the other depending on the range selected on

the worksheet.

d. Other Options Page

Select OK.

vi.
vii.

viii.

Tests for Control: There is one

Run Chart Input

&

Range containing sample identifiers: | $AS2:5AS21 —
option for interpreting the chart
P P g Range Containing Data: £B52:5B521 -
for control: the rules of seven
H Chart Name/Lsbsls  Other Optians |
(seven in a row above or below the
) e — Automatic Updating of Average?
average or trending up or down). Fres o
. . . v Rules of Seven!
If an out of control situation is e
detected, the points on the chart T | P —
will be In' red. . Al Veoes Beton 07 " In Chart Tite
Automatic Updating of Average: FYes o
. . Generate New/Updating Existing Capabilty Chart?
Yes is the default which updates . PR
. Dates of Data Collection ™ Ves = No
the average when new data is start
added to the chart; to prevent the Bt fErmbiniis:
average from changing, select the
No option. Corcal|

Target for Average: This is the
target value for the variable. It is not required.

Print Average: There are two options.

On Average Line: This option prints the average value on the average line. This is the
default option.

In Chart Title: This option prints the value in the chart title.

Allow values below 0?: Sometimes, it is not possible for the variable to have values
below 0. If that is the case, select “No” for this option. The default value is “Yes.”

Dates of Data Collection: Add the starting date and ending dates of data collection.
These dates are optional. If entered, they will appear in a dialog box in the lower left-
hand corner of the chart.

Generate New/Update Existing Capability Chart? Select Yes to do a process capability
analysis. The default option is No. See the Process Capability section in this manual for
more information.

Rounding to Use in Titles: This is the rounding to use for the average. If the first cell in
the range has been formatted, this format is used. If not, the value entered here is used
for rounding. The program will estimate the rounding in the data.

6. The run chart below will be generated.

36 ©BPI Consulting, LLC
Cypress, TX



Run Chart

115.3
110.3 4

105.3 -

~Avg=103.6
95.3

90.3 4

85.3 4

Sample Number

Run c harts can be updated when new data is added by selecting the Update Chart toolbar on the SPC Menu. You
may also change current options on the chart by selecting the Options icon from the SPC toolbar. You can also
split the average, start the chart at a new point, and add comments (see the Single Point Actions section in this
manual) or set the range to base the control limits on (see the All Points Action section in this manual).
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Subgroup Maker: Make Subgroups from Column of Numbers
The program has the option to make subgroups from a single column of numbers as shown below.
1. Enterthe data into a single column.

2. Select the data you want to make into subgroups (the
data only, not any sample identifier).

3. Select the following from the SPC Menu: Variable [FHSsssw- X
Control Chart - Make Subgroups from Single Column”
4. Fill out the Subgroup Maker form. oot onge comtaiing data (WSt [ ea:sas101 -
a. Enter range containing data: This is the range
containing the data; default is the range Enter subgroup size (not to exceed 25):
selected on the worksheet. Output Options

b. Enter the subgroup size, not to exceed 25:
This is the subgroup size you want from 2 to
25.
c. Output Options: = New Wordeheet
= First cell of output range on a
worksheet: enter the cell location on
the worksheet where you want the
subgroups formed.
=  New worksheet: select this option to
put the subgroups on a new worksheet.
5. Select OK: The subgroups will be generated and place based on your output option. You will then get the
Variables Chart dialog box to select the type of chart you want to make and follow the instructions for
that chart.

" First cell of output range on a worksheet

Caneel
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Updating Charts

All charts can be updated easily after new data has been entered
into the spreadsheet. There is no need to select anything on the
worksheet. The program automatically checks to see what new
data has been entered. Once you have entered the new data,
select the update option from the SPC toolbar. You will get the
dialog shown to the right.

The dialog box lists all the available charts for updating in the
workbook. You may select multiple charts at once. You can also

Charts to Update fgl

Select Charts to Update: You ;‘:E:FR'%E:;TEIE
may select multiple charts, Product R E_I
Select the All button below to stomuiamennrpnjrity
update all charts in the Cok Pgurity'
workbook. Scatter Temp Steam

™ Update All Charts

Cancel

check the “Update All Charts” option to update all the charts in
the workbook.

Changing Chart Options

You make changes to the chart using the options button on

the SPC toolbar. When you select this button, you get the [Ieiael s X

dialog box to the right. Select the chart whose options you
want to change. The dialog box for that chart then is shown.

. ¥-MR. Example
You can change anything except the name of the chart. Cancel Product Returns

Note on chart title, y-axis label, and x-axis label: To make
permanent changes to the chart title or the labels on either
axis, you must go through the options shown here. Making

Select Chart to Change Options:
¥bar-R. Example

Histogram on Purity
Cpk Purity
is

changes directly on the chart will not permanently change the title

and labels. If you make the changes on the

chart and then update the chart, the program will use the stored values.

39

©BPI Consulting, LLC
Cypress, TX




Single Point Actions

This option is used for action on a single point on a chart including:

Point Action
e Splitting control limits at a point Starting Point/Spit Limits
e Removing the split at the point
e  Starting the chart at the point B L0 Er TSR T
e Undo starting the chart at the point e =
e Removing a point from the calculations ® R eRiERes
e Adding a point back to the calculations Add or Remove Paints
e Adding or replacing a comment to the point ¢ Remave this paint from the calculations
e Deleting the existing comment for the point € Add this point back to the caleulations
You must select a point on the chart prior to selecting the single point option Add or Remove Comments
from the menu. To select a single point: @ T R T T SR
e Select the series by pointing the mouse at the series and clicking (" Delete existing comment for this point
e Select the point you want using the mouse.
Below is an example of a chart with one point selected (this is the c chart data

ES)

from the example workbook).

I -}
Series 1 Poin... = £ =SERIES('c chantWPI5A51:5A515,c chatWP'I5C51:5C516.1)
¢ Control Chart
50
45 1 Plot Area
40 4
G 7 S G e T e e L e b T e e L
a5 4
£ 20
IR
%
a
T 25
5 |-Avg=23.13 =",
£
3 20 4
15 4
10
fect.89- — — — — — -
5 |
21112003 2/2/2003 2/312003 2/4(2003 2i512003 2/6(2003 2/7(2003 2/812003 2/9i2003  2A0/2003  2(1/2003 21252003 21132003 214/2003  2(15/2003

Subgroup Number

[T S e Sy pep e iy S T | S (B [ ey e T T vy ey v e g J SV T Sy RO VR Py R S S T S

After selecting the point, select the single point action option (li-") from the SPC menu. The form above will
appear. Select the option you want and then select OK. The average and limits are recalculated based on your

option and the chart is re-made. See the notes on the following page for more information.

40 ©BPI Consulting, LLC
Cypress, TX




Notes on Single Point Actions

Some of the actions on this option will produce minor changes in your workbook. These changes along with other

issues on single point actions are described below.

e  Control limits can be split multiple times within a chart.

O This will produce a change to your worksheet. The cell containing the point will be in italics.

This will occur in the first column or row of data.

e Starting the chart at a new point will produce a change on your worksheet. The cell containing that
point will be in bold. This will occur for in the first column or row of data.
e If a point is removed from the calculations, it is still plotted. Its appearance will change - it will just be

outlined as shown to the right.

O This will also produce a change to your worksheet. The cell containing the point will be shaded

a light tan. The shading will occur in the first
column or row of data. The shading used is
shown to the right.

e Comments added to or deleted from the points must be
added through this option. Adding or deleting them
manually to the chart will not store the result.

O This will also produce a change to your
worksheet. The comments will be added to the
cell containing that point as an Excel comment.
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Point included in
calculations

Point not included in
calculations

Format Cells

Mumber | Alignment Font

Cell shading
Color:

No Color

Border |}

Sample
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All Points Action

When you select the All Points Action from the SPC toolbar, you will see the dialog box to the right. With this

option, you can:

e Remove or add back to the calculations all points beyond the control limits.

e Select the range to base control limits on.

A chart must be selected before this option can be used. If you have the two charts on the same worksheet (e.g.,
X -R chart), you must select the X chart. You cannot delete points by selecting the range chart.

Once you have selected the chart, select the all points option (I:) on the SPC menu. You will get the form to the

right. Select the option you want.

Add/Remove Points or Set Control Limit Range le

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

" Add all points back to the calculations

" Select Range to Base Control Limits On

Cancel

If you select the option “Select Range to Base Control Limits On,” you will see a
box like the one to the right. This box will contain the subgroup identifiers from
your chart. Select the subgroup you want to include in the calculation of
averages and control limits. Selecting this option will set the option to automatic
update the averages and limits to No.

Note: When removing all points beyond the limits, the average and limits are

recalculated. It is possible that additional points will now be beyond the limits.
You may have to run this several times to remove all points beyond the limits.
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Select Range for Control Limits E|

Select Subgroups/Samples to Base
Contral Limits On:

2/1/2003

T 3/13/2003
13/2003 f
»
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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, between one cause and another, or even between one cause and two others. You
have the option to select the type of scatter diagram as well as the option to add labels to the chart. An example
of a scatter diagram is shown below.

For more information on scatter diagrams, please see our February newsletter on our website
(http://www.spcforexcel.com/articleslist.htm).

Example

An engineer is examining that data that that relates steam usage in a plant to the atmospheric temperature. The
question being answered here is “Does the atmospheric temperature have an effect on steam usage in the plant.”
For 25 days, data were collected on steam usage and temperature. There are 25 sets of data point. The data is
shown below.

1. Enter the datainto a spreadsheet as shown below. The data does not have to be in adjacent columns.

Sample Temperature Steam

No. (X) Usage (Y)
1 35.3 10.98

2 29.7 11.13

3 30.8 12.51

4 58.8 8.4

5 61.4 9.27

6 71.3 8.73

7 74.4 6.36

8 76.7 8.5

9 70.7 7.82

10 57.5 9.14

11 46.4 8.24

12 28.9 12.19

13 28.1 11.88

14 39.1 9.57

15 46.8 10.94

2. Select the data the shaded area, not the sample :
. . Scatter Diagram Input &l
numbers or headings. We will use the sample =

. X Wal R : $B54:$8518 —
headings for labels as shown below. Fse e sl
¥ Values Range: SC54:8CS18

Titles and Options I Rouding, Forecasting & Paint Labels 1

3. Select the Scatter diagram (|'._-') option from the

SPC Menu. Name of Chart:
4. Fill out the Scatter Diagram Input form. The
. . Scatter Diagram Title: | Scatter Diagram
input for the ranges is at the top of the form. i Lab : =
TRE A LEE Steam Usage
There are two pages on the form: Input | :
. . . . X-Axis Label: ‘emperature (X
Data/Titles and Rounding/Forecasting/Point e A=) _
La be IS . Trend/Regression Options S[z:t:-s uf]iData e
a. X Values Range: This is the range e End:
containing the X values. The default B el [ 2=l —
value is the range you selected prior to @ Coms  © Rows
selecting the scatter diagram option in
the toolbar.
43 ©BPI Consulting, LLC

Cypress, TX



http://www.spcforexcel.com/articleslist.htm

b. Y Values Range: This is the range containing the Y values. The default value is the range next to

the X values or the second range selected on the worksheet.
5. Titles and Options Page

a. Name of Chart: This is very important. Decide what you want to call the chart. This will be the
name of the sheet that contains the chart in your workbook.

b. Scatter Diagram Title: This is the title that goes on the scatter diagram. The default value is
“Scatter Diagram.”

c. Y-Axis Label: This is the vertical axis label. The default value is the cell contents above the X
values range.

d. X-Axis Label: This is the horizontal axis label. The default value is the cell contents above the Y
values range.

e. Trend/Regression Options: Select the regression you want. The options are:

i. Linear

ii. Logarithmic

ii. Polynomial (activates order or period option)
iv. Power
v. Exponential

f.  Dates of Data Collection: Add the starting date and ending dates of data collection. These dates
are optional. If entered, they will appear in a dialog box in the lower left-hand corner of the
chart.

g. Data in: Select columns or rows depending on how the data is entered into the spreadsheet. The
program selects one or the other depending on the range selected prior to selecting the scatter
diagram option on the SPC toolbar.

6. Rounding, Forecasting and Point Labels Page

a. Rounding to Use in Titles: This the [EEIERVEIENNETE 3
rounding to use for the probability ¥ValuesRange: | sBsms18 |
printed in the title. The default value ¥ValuesRange: | sCs%scsis -

is 4. Tities and Options  Rouding, Forecasting & Point Labels
b. Options: There are three options to Roundng o Use n Tes: | 4
consider:
. . . T Forecasting
i. Intercept: check this box if [ intercept= | 0
) Forward by: ,T il
you Want to force the y_ [¥ Display equation on chart =]
intercept through 0 or HeshfEEe e -
another value
ii. Display equation on chart: Addlabelsto Ponts? [ =]
. . . i i+
select this option to display e e

the equation on the chart.
iii. Display R-Square: select this
option to display R? on the Q
chart.
c. Forecasting: You can forecast forward or backward by changing the 0 values in the appropriate
boxes.
d. Add Labels to Point: Select “Yes” if you want to add labels to the points.
i. Point Range Label: This is the range containing the point label ranges and should be
equal to the number of points on the chart.
ii. Label Position: This determines where to put the labels (above, below, left, center, and
right) relative to the point.

7. Select OK
8. The scatter diagram is generated. The scatter diagram for the example data is shown on the next page.
The sample numbers were used as labels.
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Scatter Diagram (Significant, p = 0)

14 4

13 A

12 4

=
[
I

Steam Usage (Y)
=
o

6
9 - N 8
.
9
. *
y =-0.0871x + 12
R®=0.7525
7 A 7
.
6 T T T T T 1
23 33 43 53 63 73 83

Temperature (X)

Each set of data points is charted on a scatter. As can be seen in the figure, there is a negative correlation in the
data. This means that as temperature decreases, the steam usage in the plant tends to increase. There can be a
positive correlation, a negative correlation, or no correlation.

The program determines if the relationship between the two variables is statistically significant at a probability of
0.05. If there is a significant relationship, the resulting probability is given in the title (in this case, the round goes
to p =0). The equation is of the form:

y= b1X + bo
where y is the variable on the y axis, x is the variable on the x axis, b, is the slope of the line, and by is where the
line crosses the y axis. In the example above, the slope is -0.0871. This means that for each unit increase in x (one

degree of temperature in this case), the y value (steam usage in this case) decreases by -0.0871.

The value of R? in the chart is the % of variation in y that is explained by x. In this example, 75% of the variation in
steam usage is explained by the variation in temperature.

The scatter diagram can be updated with new data. This program also handles multiple linear regression. You may
run this technique to get much more information.
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Cause and Effect Diagrams

This program contains a cause and effect (fishbone) diagram. To use this feature, select the cause and effect
option on the SPC menu. A blank cause and effect diagram will be inserted into your workbook.

For more information on scatter diagrams, please see our October 2005 and November 2005 newsletters on our
website (http://www.spcforexcel.com/articleslist.htm).

Cause and Effect Diagram Diagram

Date: Prepared by:
Measurement People Environment Add Item
Enter problem or
goal here
Machines Methods Materials

You can change the main category headings (measurement, people, etc). You can enter the problem or goal at the
head of the fishbone (see above). You will see a button that says “Add Item.” Select this button and you will get
the form below.

Cause and Effect |2 Lﬁ(_.

Evoor rarw e

Enter an item to add to the cause and effect diagram. For example, you might enter “Not calibrated.” Then select
OK. This item is then shown on the chart and you may move it to any location you want as is shown on the next
page.

For Excel 2007 users, you will have a button that says “Add Sub Item”. Select this button and you will get the same
form as above. However, this item will be drawn at any angle and is designed to fit under a previous entry. For
example, you might enter “Not on schedule” as a sub item under “Not calibrated” as is shown on the next page.
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Date:

Measurement

Not calibrated
%,

e
?J‘
%
&
%

Cause and Effect Diagram Diagram

People

Prepared by:

Environment

Add Item
Add Sub Item

Enter problem or

Machines

Methods

\
/
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Process Capability

Process capability answers the question: Is the process capable of meeting specifications? Specifications can be
set by customers. Specifications could also be standards set by management for a process. For example, the
standard for days sales outstanding might be set by leadership to be less than 46 days. One measure of process
capability is the Cpk index. Another is Ppk. To determine the process capability, the individual sample results
should be normally distributed (the histogram is a bell shaped curve) and the process should be in statistical
control.

For more information on process capability, please see our October, November, and December newsletters on our
website (http://www.spcforexcel.com/articleslist.htm). An example of process capability is given below.

Note: Process capability depends on the standard deviation. There are several ways the standard deviation can be
calculated. For Cpk, the standard deviation is the estimated standard deviation from a range chart. If you data is
in one column (or row), a moving range of two is used to calculated an average range and then estimate the
standard deviation. If the data is in multiple columns, the program uses the range chart with a subgroup size
based on the number of columns to calculate the average range and then estimate the standard deviation. Ppk is
determined using the calculated standard deviation based on all the data. Visit the newsletters above for more
information.

Example

A product has a lower specification limit of 60 and a lower specification limit of 80. Data has been collected and is
given below. Is the process capable of meeting the specifications?

1. Enter the datainto a spreadsheet as shown below.

81 77 75 74 77 73
77 74 76 75 79 74
74 79 73 75 75 74
75 80 80 79 72 78
73 74 74 73 75 74
77 75 75 72 75 74
76 75 74 74 78 75
76 76 78 77 78 75
74 76 77 76 72 73
79 82 73 75 74 79
77 73 72 75 73 73
76 76 76 75 74 72
76 76 76 74 79 79
75 81 77 74 77 71
84 74 79 70 77 74
73 77 76 74 81 75

Select the data on the spreadsheet (the shaded area)
Select the process capability icon (_J«L) from the SPC menu.

4. Fill out the Process Capability Input form. The ranges are input at the top of the form; there are two
pages on the form: Chart Names/Specs/Three Sigma Lines and Titles/Dates/Multiple Charts/Outliers

48 ©BPI Consulting, LLC
Cypress, TX


http://www.spcforexcel.com/articleslist.htm

a. Data or Existing chart?: Select the

Process Capability Input

option you want. “Data Only” is the & Data Orly  Existing Chart
default option. When “Data Only” is Range Cantaining Valses: | $A81:87515 o]
selected, the “Range Containing Values” B
is enabled.
b. Range Containing Values: This is the | O=tters/sec/ThesSons Lo | Tous/oatsiiiitps charsiOutiars |
range containing the values on whichto | =~ ———— o e

do the process capability analysis. The
default value is the range selected on
the spreadsheet before selecting the
process capability option. If “Existing
Chart” is selected, the “Select Existing
Chart” list box is enabled and a list of
available charts is given in the list box.
Select the chart you want to do the
process capability analysis on.

c. Chart Names/Specs/Three Sigma Lines
Page

Spedfications

L | Nominal - [ ust |

Add +/- 3 Sigma Lines?

" Yes
& No

JGE":EI

i.

fii.

iv.

d. Titles/Dates/Multiple Charts/Outliers
i.

Name of Chart: This is very important. Decide what you want to call the chart. This will
be the name of the sheet that contains the chart in your workbook. If you select the
“Existing Chart” option, the chart automatically will be the name of the existing chart
worksheet with Cpk added.

Data in: Select columns or rows depending on how the data is entered into the
spreadsheet. The program selects one or the other depending on the range selected
prior to selecting the process capability option on the SPC toolbar.

Specifications: Enter the upper specification limit (USL), the lower specification limit
(LSL) and the nominal, the target (if desired). Only one specification limit is required.
Add +/- 3 Sigma Limits: In addition to the specifications, you can add the +/- three sigma
limits to the chart. The default is No. If you select Yes, you can chose sigma to the
estimated sigma from the range chart or the calculated standard deviation of all the
data.

Capability Chart Title: This is Dot e &
the title that goes on the

& Data Only ™ Existing Chart

Chart. The default Value IS Range Containing Values: SAS1:§FS16 o
“Capability Analysis.” | N

Y-Axis Label: This is the vertical

Chart Name/Specs/Thres Sigma Lines  Titles/Dates/Multiple Charts/Outiiers ]

axis label. The default value is Capabilty Chert Tite: | Copabity Analvas] Dates of Data Colection
“Frequency.” -Ais Label [Freauency seeres
iii. X-Axis Label: This is the | jumwe oo e
horizontal axis label.  The e e |
default value is
“Measurement.” More Than One Chart? FernE@iEe
iv. Number of Decimal Places for € ves  No Cres ooy [ som
Rounding: This is the rounding “re
to use for the values in the
titles on the chart. ﬂ
v. Dates of Data Collection: Add
the starting date and ending dates of data collection. These dates are optional. If
entered, they will appear in a dialog box in the lower left-hand corner of the chart.
vi. More Than One Chart? Select “Yes” if you want to make multiple process capability

charts by looping through the dialog box. The program assumes that the next set of
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data for the process capability analysis is adjacent to the current set. Use one row or
one column of data if you are selecting this option. “No” is the default value.
vii. Remove Outliers? Select “Yes” if you want to remove outliers from the calculations.

Enter the number of standard deviations you want to remove outliers beyond (e.g.,
beyond +/- 6sigma). The default option is “No.” You have the option of selecting the
standard deviation based on the range chart or the calculated standard deviation from
all the data.

5. Select OK.

6. The process capability chart will be generated as shown on the next page (using LSL = 60, nominal = 70

and USL = 80 with the three sigma limits added.)

L. . Descriptive Statistics
Capability Analysis Cp=1.34
Cpk=0.59
Cpu=0.59 (3.84%)
Cpl=2.09 (0%)

351 Est. Sigma= 2.5
Pp=1.31
Ppk=0.57
Ppu=0.57 (4.36%)
30 4 LSL=60 -3s=68l@minal=70 USL=80 3s=83.1 Ppl=2.04 (0%)
Sigma= 2.6
Average=75.6
Count=96
Min=70
] Max=84
25 No. Out of Spec=5 (5.21
Kurtosis=0.62
Skewness=0.71
Sigma Level=1.77
DPM0=394118
> 20 -
(&)
c
)
3
o
2
Y 15
10 4
5 —
0 : : : L] :
57 62 67 72 77 82 87

Measurement

The statistics printed on the right include the following:

e Cp:=(USL-LSL)/6 G' where G' is the estimated standard deviation from a range or s chart

e  Cpk: the minimum of Cpu or Cpl

e Cpu: the capability based on the USL = (USL-X )/36' where X is the overall average (the number in
parentheses is the theoretical % greater than the USL)

e Cpl: the capability based on the LSL = (X -LSL)/3 &' (the number in parentheses is the theoretical % less
than the LSL)

e Est.Sigma= &'

e  Pp:=(USL-LSL)/6s where s is the standard deviation of the measurements

e  Ppk: the minimum of Ppu or Ppl
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e Ppu: the capability based on the USL = (USL-X )/3s where X is the overall average (the number in
parentheses is the theoretical % greater than the USL)

e Ppl: the capability based on the LSL = (X -LSL)/3s (the number in parentheses is the theoretical % less
than the LSL)

e Sigma:=s

e Average:= X

e  Count: = number of data points in the analysis

e No. Out of Spec: = actual number out of specification (number in parentheses is the % out)

e  Kurtosis: a measure of the shape of the distribution; please see our April 2008 newsletter on the website
for more information (http://www.spcforexcel.com/articleslist.htm).

e Skewness: a measure of asymmetry; please see our April 2008 newsletter on the website for more
information (http://www.spcforexcel.com/articleslist.htm).

e Sigma Level: A statistical term that measures how much a process varies from perfection, based on the
number of defects per million units.

0 One Sigma = 690,000 per million units

Two Sigma = 308,000 per million units

Three Sigma = 66,800 per million units

Four Sigma = 6,210 per million units

Five Sigma = 230 per million units

0 Six Sigma = 3.4 per million units
e DPMO: Defects per million opportunities

O O0OO0Oo

Charts made with the process capability analysis tool can be updated when new data is added by selecting the
Update Chart toolbar on the SPC Menu. You may also change current options on the chart by selecting the
Options icon from the SPC toolbar.
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Multiple Process Capability Analysis

This option is used to automatically generate multiple process capability analysis, to remove outliers, adjust
specification limits, and generate a summary process capability table.

For more information on process capability, please see our October, November, and December newsletters on our
website (http://www.spcforexcel.com/articleslist.htm). Also, please review the information in the Process
Capability Analysis portion of this manual. An example of the multiple process capability is given below.

Example

A company has five different parameters that are measured on a part. They want to conduct a process analysis
capability on each parameter. The data is shown below. Each chart name represents a different parameter.

1. Enter the data into a spreadsheet as shown below. There must be a row containing the unique “Name of
Chart.” This becomes the worksheet tab name. In addition, there must be a row containing the LSL
and/or USL. The row containing the nominal value is optional.

Name of Chart Chart 1 Chart 2 Chart 3 Chart 4 Chart 5
LSL 70 68 75 60 65
Nominal 100 100 97.5 100 95
USL 130 132 120 140 125
90 92 96 109 111
92 112 101 102 99
109 82 117 103 90
89 91 91 116 117
92 109 105 83 95
97 107 112 76 105
112 85 97 108 75
95 99 101 115 94
95 108 105 108 94
102 99 85 112 101
108 97 89 99 107
101 93 111 83 106
116 89 104 105 102
110 118 102 98 99
81 87 117 114 107
94 101 97 116 95
91 103 106 100 99
108 97 106 108 87
95 87 84 116 105
100 96 113 114 112

Select the shaded data above (the data for the first process capability analysis).

. Select the Multiple Process Capability icon (R') from the SPC menu.

4. Fill in the Multiple Process Capability Charts Input form. The top part of the form is for inputting the
ranges containing the data, chart names, LSL, nominal, and USL. There are two other pages on the form:
Input and Labels and Dates.

a. Range Containing Values: This is the range of the data for the first process capability chart. The
default value is the selected area on the spreadsheet. The data must be in columns for this
feature.
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Select Row Containing Name: Select a cell
in the row or the row itself that contains
the uniqgue name of the chart. This name
will be on the worksheet tab containing
the process capability chart.

Select Row Containing USL: Select a cell in
the row or the row that contains the USL
values.

Select Row Containing Nominal: Select a
cell in the row or the row that contains
the nominal values.

Select Row Containing LSL: Select a cell in
the row or the row that contains the LSL
values.

f.  Input Page

i. Capability Results Table: If “Yes”

Multiple Process Capability Charts Input

Range Containing Values:

Select Row Containing USL:

Select Row Containing LSL:

Input | | abels and Dates |

 Yes " Mo

Remove Outiiers?
O Yes Beyond +/-

® No

Add +/- 3Sigma Lines?

" Yes

@ No

Capability Results Table

]

$B%6:88825 _ Select Row Containing Name: -
- Select Row Containing Mominal: -

Reset Specification Limits?

" Yes +- Sigma

- Sigma

® No

J“anc‘zl

is selected, a table summarizing the process capability for all charts will be generated.
An example is shown at the end of this section.

Remove Outliers? Select “Yes” if you want to remove outliers from the calculations.

Enter the number of standard deviations you want to remove outliers beyond (e.g.,

beyond +/- 6 sigma). The default
iii.

option is “No.”

Reset Specifications Limits? Select “Yes” if you want the program to replace the existing

specification limits with new limits set at the value of +/- sigma you enter. This is useful
if you are trying to set specification limits, e.g., for prototype data.

Add +/- 3 Sigma Limits: In addition to the specifications, you can add the +/- three sigma

limits to the chart. The default is No. If you select Yes, you can chose sigma to the
estimated sigma from the range chart or the calculated standard deviation of all the

data.
Labels and Date Page
i. Y-Axis Label: This is the vertical
axis label. The default value is
“Frequency.”

g.

ii. X-Axis Label: This is the
horizontal axis label. The
default value is

“Measurement.”

Dates of Data Collection: Add
the starting date and ending
dates of data collection.
These dates are optional. If
entered, they will appear in a
dialog box in the lower left-
hand corner of the chart.

Multiple Process Capability Charts Input

Range Containing Values: | $885:68825 —
Select Row Containing USL: -| selectRow Containing Nominal:

Select Row Containing LSL:

Input  Labels and Dates ]

Select Row Containing Name: -

——

V-Axis Label: | Frequency

Y-Axis Labe; | Messurement

Dates of Data Collection
Start:

—

End:

Jcance‘

Sigma Average Count Minimum Maximum Kurtosis Skewness LSL |USL

81 116 -0.65 019 700 130
82 118 0.53 0.37 68 132
94 117 -0.58 -0.28 75| 120
76 116 0.74 -1.2 600 140
75 117 1.16 -0.68 65 125

5. Select OK. The process capability charts will be
generated. The program moves through each column until it finds a blank cell for the first sample. Each
chart is placed on a new chart sheet. The process capability table is generated if that option was selected.
The table for this data is shown below.
Name Cp Cpk Cpu Cpl Est. Sigma Pp Ppk Ppu Ppl
Chart 1| 1.07) 1.03/ 1.11] 1.03 9.33) 1.09 1.05 1.13 1.06 917 98.85 20
Chart 2| 0.94 087 101 087 1138 11/ 102 118 102 972 976 20
Chart 3| 0.67 054 054 038 11.24| 0.77| 0.62 062 0.92 973 101.95 20
Chart4| 129 116 116 143 1031 113/ 101 101 125 1178 10425 20
Chart 5| 1.02) 085 085 119 985 104 087 087 121 9863 1000 20
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Six Sigma Tools

Stacked and UnStacked Data Entry

Several of the techniques in the Six Sigma Tools section have the option of using “stacked” or “unstacked” data.
This simply refers to how the data is entered into the spreadsheet.

Stacked Data Entry

The stacked data entry is shown below. There are five different processes or treatments. These are labeled A—E
with the labels in the same row. The observations for each treatment are listed in the column. For example, for
treatment A, the observations are 250, 260, 230, and 270.

Unstacked Data Entry

A B C D
250 310 250 340 250
260 330 230 270 240
230 280 220 300 270
270 360 260 320 290

The unstacked data entry is shown below. The treatment levels are in one column and the responses are in

another column.

Treatment Levels

Responses

A

270

290

320

250

260

260

360

270

330

270

230

230

240

340

250

310

280

Olm|mwo|Om|>|omw(O|lw|(o|>|>|O|m

300
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Single/Two Samples
One Sample z and t Tests for a Mean

This test is performed on the mean of one sample. The test will gives you a confidence interval for the mean and
has the option to test the hypothesis that the mean is equal to, less than, or greater than a specified mean. You
have the following two options:

e ttest: this test uses the t distribution and is usually used when with smaller sample sizes although it can
be used with any sample size; this test uses the standard deviation calculated from the data.
e 7z test: this test uses the z distribution and is usually used with larger sample sizes (> 30); there two
options for the standard deviation with the z distribution:
0 Option 1: enter the standard deviation; the user enters a known standard deviation and this
value is used in the calculations
0 Option 2: calculate the standard deviation based on the data; the program will calculate the
standard deviation based from the data and use this value in the calculations.

There are three options for the type of tests (where L, is the specified mean):
e Two-sided:
O Null hypotheses: = g
O Alternative hypotheses: p # g
e Lower one-sided:
O Null hypotheses: 1L = g
O Alternative hypotheses: p < g
e Upper one-sided:
O Null hypotheses: p =,
O Alternative hypotheses: p > L,

The data can be in a range in a spreadsheet or the user can enter an average, standard deviation, and sample size
for the test. The example below demonstrates how to do this test using data in a range in the spreadsheet.

ExamgleZ

The data below represents estimates of the earth’s density taken in 1798 by British scientist Henry Cavendish.
There are 29 measurements and are expressed as multiples of the density of water. We want to use the t test to
determine a 95% confidence interval around the mean density and to test the null hypothesis of p = 5.3 with the
alternate hypothesis being 1 # 5.3.

1. Enterthe datainto a spreadsheet as shown below. The data can be one column or in multiple columns as
shown below.

Density
5.53 5.07 5.46 5.79 5.58 5.5
5.47 5.29 5.55 5.75 5.27 5.57
4.88 5.34 5.34 5.29 5.85 5.42
5.62 5.26 5.3 5.1 5.65 5.61
5.63 5.44 5.36 5.86 5.39

2 Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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7.

Select the shaded data (not the column heading).

Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
Select the Single/Two Sample page (this is the default page).

Select the One Sample t and z Tests for a Mean option.

Fill in the One Sample t and z Tests for a Mean Input form.

a.

> ®

Data Entry Options: There are two data entry One Sample z and t Tests for the Mean Input X
options. Data Entry Options:
i. Range Containing the Data (no ¥ Range Containing the Data {no heading): SAS2EFEE _
heading): this is the worksheet range ™ Use Summarized Statistics for the Data:
containing the data; default is the | |
worksheet range highlighted on the smalor Large Sample Case? | o Sided, One Sded: |
Worksheet' (¢ Small Sample {n < 30, Cne Sample t Test)
ii. Use Summarized Statistis for the Sl (e, STy 2ol gy o5
. . r
Data: this option allows you to enter
-

a calculated average, calculated
standard deviation, and sample size. EEE | el
Small or Large Sample Case?: this is one of two | ¥ ndude HypotesisTest  Fypothesizes Hean: | 5.3

tabs in the center of the form; this determines LRI
the case to use for the calculations; the default | ¢ frecelof utout Range en | newworkehest
is based on the sample size; if the size is less .

than 30, the small sample case is selected;
greater than or equal to 30, the large sample
cause is selected. You may override this selection by selecting which test you want to use.
Alpha: this is the confidence level; 1- alpha is the confidence interval.

Two-Sided, One-Sided: this is the second of two tabs; select the tab and you will have the three
options: two-sided, lower one-sided, or upper-one sided; two-sided is the default; select which
type of test you want

Variable: this is the name of the variable; the default is what is in the cell above the first cell in
the selected range on the spreadsheet

Include Hypothesis Test: this option will include a hypothesis test in addition to the confidence
interval.

Hypothesized Mean: this is the mean that you specify (in this example, 5.3).

Output Options: There are two output options:

i. First Cell of Output Range on an Existing Worksheet: select this option if you want the
output on an existing worksheet; then select the first cell of the range where you want
the output placed; a check is made to ensure that no existing data is overwritten in the
worksheet.

ii. New Worksheet: select this option to put the output on a new worksheet in the
workbook.

Select OK when you have completed the input form.
8. The output for the density data is given below along with an explanation of the results.
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Output

Notes:

Formulas

95% Two-Sided Hypothesis Test on a Mean

Explanation of Results (not part of output)

Ho:pn=5.3 Null hypothesis

Hi:p<>5.3 Alternate hypothesis (two-sided in example)
Variable Density Name of variable
Mean 5.4541 | Calculated average of data
Standard Deviation (s) 0.230 | Calculated standard deviation
Sample Size 29 | Number of data points
Standard Error of Mean 0.0427 | Calculated as standard deviation/sqrt(count)
Degrees of Freedom 28 | Calculated degrees of freedom =n -1
Alpha 0.05 | Value of alpha entered by user

t value based on alpha and degrees of

(0,025, 28) 2.048 | freedom
Lower Confidence Limit 5.3666 | Calculated lower confidence interval
Upper Confidence Limit 5.5416 | Calculated upper confidence interval
Hypothesized Mean 5.3 | Specified mean entered by user
t 3.608 | Calculated t value
p Value 0.0012 | Calculated p value (in red if p value < alpha)

The null hypothesis is rejected.

Decision based on p value and alpha

There is evidence that the mean is not equal to 5.3.

Reject if:

Reject if p value < alpha

If p value (0.0012) <= alpha (0.05)

If [t] > tio.025, 28) |

The formulas for the small sample test (t) are given below:

Two-sided t confidence interval: X —t

Upper one-sided t confidence interval: p>x-t

Lower one-sided t confidence interval: p<x+t,,,

Calculated t value for hypothesis test: t= X

S

n-1,0./2 ﬁ

X—lg

i

n—-1,0

<Spx+t

The formulas for the large sample test (z) are given below:

57

E

-

S
n-1,0./2 ﬁ

If the hypothesis test option is not selected, the output below the Upper Confidence Limit is not included.
If the large sample size is selected, the z distribution will be used instead of the t distribution; the “t” in
the output above will be replaced by “z” and the results will reflect the z distribution.
If the large sample size is selected and a standard deviation entered, the output above will have “assumed
standard deviation (c)” instead of “standard deviation (s).”

If the option for a one-sided test is selected, there is only one confidence limit given.

©BPI Consulting, LLC

Cypress, TX



. ) . _ c
Lower one-sided z confidence interval: p<x+z, T
n

Calculated z value for hypothesis test: z= X" Ho
n

o/vn
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One Sample Variance

This test is performed on the variance of one sample. The test will gives you a confidence interval for the standard
deviation and the variance. It has the option to test the hypothesis that the standard deviation/variance is equal
to, less than, or greater than a specified standard deviation/variance.

There are three options for the type of tests (where o’ is the specified variance):
e Two-sided:
0 Null hypotheses: o= 002
0 Alternative hypotheses: G %Gy
e Lower one-sided:
0 Null hypotheses: 6’ =6y
0 Alternative hypotheses: 6’ < Gy
e Upper one-sided:
0 Null hypotheses: 6’ =6y
0 Alternative hypotheses: 6° > 6,

The data can be in a range in a spreadsheet or the user can enter a standard deviation and sample size for the

test. An example of how to do this test using SPC for MS Excel is given below. We will use the earth’s density data
from the One Sample z and t Tests section of these instructions.

Example

In this example, we want to find a confidence interval around a variance as well as perform a hypothesis test to see
if the standard deviation is equal to 0.23.

1. Enter the data into a spreadsheet as shown to the right and select the data (not the headings). The data
can be in one column.

Density
5.53 5.07 5.46 5.79 5.58 5.5
5.47 5.29 5.55 5.75 5.27 5.57
4.88 5.34 5.34 5.29 5.85 5.42
5.62 5.26 5.3 5.1 5.65 5.61
5.63 5.44 5.36 5.86 5.39

2. Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
3. Select the Single/Two Sample page (this is the default page).
4. Select the One Sample Variance Option
5. Fill in the One Sample Variance Input form.
a. Data Entry Options: There are two data entry Confidence Interval Around a Variance Input X
fo) ption S. Data Entry Options:

i. Range Containing the Data (no heading): | ¥ fenseconinng tebate rabecting): | saszerss ]
this is the worksheet range containing the | I use summariz=d Statistcs for the Data:
data; default is the worksheet range \
highlighted on the worksheet.

Type of Test

ii. Use Summarized Statistis for the Data: @ Twosided " Lower Oneided 1 Unper One-Sided
this option allows you to enter a
Alpha: 0.05 Variable: Density
calculated average, calculated standard
deviationl and Samp|e size. [V Indude Hypothesis Test Hypothesized Standard Deviation: .23

QOutput Options:

™ First Cell of Output Range on this Workshest -

{+ New Worksheet

59 Cancel




b. Type of Test: select the type of test you want to perform: two-sided, lower one-sided, or upper-
one sided; two-sided is the default.

c. Alpha: this is the confidence level; 1- alpha is the confidence interval.

d. Variable: this is the name of the variable; the default is what is in the cell above the first cell in
the selected range on the spreadsheet

e. Include Hypothesis Test: this option will include a hypothesis test in addition to the confidence
interval.

f.  Hypothesized Standard Deviation: this is the standard deviation that you specify (in this example,
.23).

g. Output Options: There are two output options:

i. First Cell of Output Range on an Existing Worksheet: select this option if you want the
output on an existing worksheet; then select the first cell of the range where you want
the output placed; a check is made to ensure that no existing data is overwritten in the
worksheet.

ii. New Worksheet: select this option to put the output on a new worksheet in the
workbook.

6. Select OK when you have completed the input form.
7. The output for the density data is given below along with an explanation of the results.

Output
95% Two-Sided Hypothesis Test on a Variance Explanation (not in output)
Ho: o’ =0.0529 Null hypothesis
Hy: o> <> 0.0529 Alternate hypothesis (two-sided)

Variable Density Name of variable
Standard Deviation 0.230 | Calculated standard deviation
Variance 0.0529 | calculated variance
Sample Size 29 | Number of data points
Degrees of Freedom 28 | Degrees of freedom=n-1
Alpha 0.05 | Value of alpha entered by user

(1-alpha)% lower confidence interval for
Variance LCL 0.0333 | the variance

(1-alpha)% upper confidence interval for
Variance UCL 0.0968 | the variance

(1-alpha)% lower confidence interval for
Standard Deviation LCL 0.183 | the standard deviation

(1-alpha)% upper confidence interval for
Standard Deviation UCL 0.311 | the standard deviation

Square of specified standard deviation
Hypothesized Variance 0.0529 | entered by user
Hypothesized Standard Deviation 0.23 | Specified standard deviation by user

)

Lower " value based on alpha and the

Xz(o.ozs 28) 15.308 | degrees of freedom
5 Upper szalue based on alpha and the

% (1-0.025,28) 44.461 | degrees of freedom
XZ 28.010 | Calculated XZ value

Calculated p value (in red if p value <
p value 0.9279 | alpha)
The null hypothesis is not rejected. Decision based on alpha and p value
There is no evidence that the variance does not equal 0.0529. Reject if p value < alpha
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Formulas

. ) . n-1 n-1
Two-sided confidence interval: s | ——— < 62 <s |[——

2
An-1,a/2 Xn-1,1-a/2

n-1
2
An-1,1-0

One-sided upper confidence interval: > <s

n-1

One-sided lower confidence interval: o’ >s
Xn—l,a

—1)s2
Calculated chi-square statistic for the hypothesis test: XZ = %

Go
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Two Sample z and t Tests for Difference in Two Means

This test compares the means of two samples. The test will provide a confidence interval for the difference in two
means and has the option for hypothesis testing as well. The test accounts automatically for variances that are
equal or unequal.

. You have the following two options:

et test: this test uses the t distribution and is usually used when with smaller sample sizes although it can
be used with any sample size; this test uses the standard deviation calculated from the data.
e 7 test: this test uses the z distribution and is usually used with larger sample sizes (> 30); there two
options for the standard deviation with the z distribution:
0 Option 1: enter the standard deviation; the user enters a known standard deviation for both
methods and these values are used in the calculations
O Option 2: calculate the standard deviation based on the data; the program will calculate the
standard deviation for both methods based from the data and use these values in the
calculations.

There are three options for the type of tests (where 3, is the specified difference in the two means):
e Two-sided:
O Null hypotheses: p; - 1, = 8¢
O Alternative hypotheses: L - [, # O
e Lower one-sided:
O Null hypotheses: p - 1, = 8¢
O Alternative hypotheses: L - 11, < 3
e Upper one-sided:
O Null hypotheses: p; - 1, = 8¢
O Alternative hypotheses: L - 1, > 9

The data can be in a range in a spreadsheet or the user can enter an average, standard deviation, and sample size

for each method. The example below demonstrates how to do this test using the SPC for MS Excel using data in a
range in the spreadsheet.

Example
A company uses two different processes to put sand into bags. The question is whether each process places the
same weight into the bags. Ten bags from each process were weighed. The data is shown below. We want to see

if there is a difference in the means from the two processes.

1. Enterthe datainto a spreadsheet as shown below.

Process1 | Process 2
50.1 50.1
49.9 49.7
50.0 50.0
49.9 49.4
50.2 49.4

50 49.4

50.4 49.7

49.9 49.4

49.7 49.4

49.7 49.3
62 ©BPI Consulting, LLC

Cypress, TX



10.
11.
12.
13.

14.
15.

Select the shaded data (not the column heading).
Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
Select the Single/Two Sample page (this is the default page).

Select the Two Sample z and t Tests for Difference in Two Means option.

Fill in the Two Sample z and t Tests for Difference in Two Means Input form.

a. Data Entry Options: There are two data entry Difference Between Two Means Input X
. Dats Entry Options:
options. Method A Data (i heading): | $ASZ:$AS1L -
. . . . [V¥ Enter Ranges:
i. Enter Ranges: this option allows you Method B Deta (roheoding): | ©92SsT1 |
to enter the ra nges on the WorkSheet [ Use Summarized Statistics for the Data (enter on third page below)

containing the data for Methods A
and B; default is the worksheet range

Small or Large Sample Case? } Two-Sided, One-Sided? | Enter Summarized Data |

* small Sample {n < 30, One Sample t Test)

. . Alpha: | 0.05
hlghllghted on the WorkSheEt- {” Large Sample {n = 30, One Sample 7 Test)
ii. Use Summarized Statistis for the r A | B |
Data: this option allows you to enter r
a calculated average, calculated
t dard deviation and sample size Variable A Process 1 Variable B: Process 2
stan ,
fOr each method. [v Include Hypothesis Test Hypothesized Difference: 0
b. Small or Large Sample Case?: this is one of
three tabs in the center of the form; this € st ool of oupu range on s worksheet, | =l
determines the case to use for the Ol
calculations; the default is based on the Cancel

sample size; if the size is less than 30, the
small sample case is selected; greater than or equal to 30, the large sample cause is selected.
You may override this selection by selecting which test you want to use.

c. Alpha: this is the confidence level; 1- alpha is the confidence interval.

d. Two-Sided, One-Sided: this is the second of three tabs; select the tab and you will have the three
options: two-sided, lower one-sided, or upper-one sided; two-sided is the default; select which
type of test you want

e. Enter Summarized Data: this is the third tab; select this tab if you want to enter the average,
standard deviation, and sample size for each method.

f.  Variable A: this is the name of Method A; the default is what is in the cell above the first cell in
the selected range on the spreadsheet

g. Variable B: this is the name of Method A; the default is what is in the cell above the first cell in
the second selected range on the spreadsheet

h. Include Hypothesis Test: this option will include a hypothesis test in addition to the confidence
interval.

i.  Hypothesized Difference: this is the difference in means that you specify (in this example, 0).

j.  Output Options: There are two output options:

i. First Cell of Output Range on an Existing Worksheet: select this option if you want the
output on an existing worksheet; then select the first cell of the range where you want
the output placed; a check is made to ensure that no existing data is overwritten in the
worksheet.

ii. New Worksheet: select this option to put the output on a new worksheet in the
workbook.

Select OK when you have completed the input form.
The output for the test is given below along with an explanation of the results.
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Output

Notes:
[ )

95% Two-Sided Hypothesis Test for the Difference in Two

Means Explanation (not in output)
Ho: y -1 =0 Null hypothesis
Ho: - <>0 Alternate hypothesis (two-sided in this example)
Process 1 Process 2
Mean 49.980 49.580 | Calculated means of two methods
Standard Deviation 0.215 0.282 | Calculated standard deviation of two methods
Variance 0.0462 0.0796 | Calculated variance of two methods
Sample Size 10 10 | Sample size for each method
Difference in Means 0.400 Method A Mean — Method B Mean
Equal Variances? Yes Yes is variances are equal; no if not
Pooled variance based on equal or unequal
Pooled Variance 0.0629 variances
Pooled Standard Pooled standard deviation based on equal or
Deviation 0.251 unequal variances
Degrees of freedom (depend on equal or unequal
Degrees of Freedom 18 variance)
Alpha 0.05 Alpha entered by user
t0.025, 18) 2.101 t value based on alpha and degrees of freedom
Lower Confidence Level 0.164 100(1-alpha)% lower confidence interval
Upper Confidence Level 0.636 100(1-alpha)% upper confidence interval
t 3.567 Calculated t value
p Value 0.0022 Calculated p value (in red if p value < alpha)
The null hypothesis is rejected. Decision based on alpha and p value
There is evidence that the difference in means is not equal to 0. | Reject if p value < alpha
Reject if:

If p value (0.0022) <= alpha (0.05)

If [t] > .05 18)

The difference in means is the mean of Method A — mean of Method B
The test uses the F test to determine if the variances are equal or not equal. This changes the way the
pooled variance and degrees of freedom are calculated (see formulas below).

Formulas

The formulas used in the calculations for the small sample case (t) are given below.

Two-sided t confidence interval: X, —X; —t, .o 5 q/2Sqifr < H1 —Ha SXp —Xo +t, o 5 0 /2Sie

Upper one-sided t confidence interval: p; —py 2X; =X, =ty 11 5 o /2S4iff

Lower one-sided t confidence interval: p, —p, <X; =X, +t, oo 50 /2Sdiff

If the variances are equal:

(1
Sgiff =Sp,|—+—
n
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(ny —1)s3 +(n, —1)s5
n,+n,—2

where s; =

Degrees of freedom =n; +n,—2
If the variances are not equal:
2

+_
1 M

_ s
Sdiff = 4|7

2 2\
si, S
n, Ny
2 2
S1/”1 + 52/“2
n,—1 n2-1

Calculated t value for hypothesis test: t= X1

Degrees of freedom =

_XZ - 6O
S diff

The formulas used in the large sample case (z) are given below.

2 2
. ) . - s . S
Lower one-sided z confidence interval: pu, —p, <X, —X, +2, |-+ +—%
N M
. X; —X; =0
Calculated z value for hypothesis test: z= ——
s; .S
51, %
N M
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Paired Sample Comparison t Test

The paired sample comparison t test is used when the samples are not independent. For example, you might want
to compare two analytical test methods. You take a series of samples; mix them well; divide them in half; and run
one-half in one analytical test method and the other half in the second analytical test. The samples are not
independent in this case. You can use this test to determine if there is a significant difference in the two tests.

There are three options for the type of tests (where & is the specified difference):
e Two-sided:
O Null hypotheses: p; - [, = 8¢
O Alternative hypotheses: L - [, # O
e Lower one-sided:
O Null hypotheses: py - 1, = 8¢
O Alternative hypotheses: L - 1, < 9
e Upper one-sided:
O Null hypotheses: p; - 1, = 8¢
O Alternative hypotheses: p; - 1, > &

The data can be in a range in a spreadsheet or the user can enter an average, standard deviation, and sample size
for each method. The example below demonstrates how to do this test using the SPC for MS Excel using data in a
range in the spreadsheet.

Exam}glei

A medical researcher wants to compare two methods of measuring cardiac output. Method A is the standard
method and is considered very accurate. But this method is invasive. Method B is less accurate but not invasive.
Cardiac output from 26 patients was measured using both methods. We want to sue the paired sample t test to
determine if there is a significant difference between the two methods.

1. Enter the data for the two methods into a spreadsheet as shown below. The data does not have to be in
adjacent columns.

Method A | Method B
6.3 5.2
6.3 6.6
3.5 2.3
5.1 4.4
5.5 4.1
7.7 6.4
6.3 5.7
2.8 2.3
3.4 3.2
5.7 5.2
5.6 49
6.2 6.1
6.6 6.3
7.7 7.4
7.4 7.4
5.6 4.9
6.3 5.4
8.4 8.4

3 Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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5.6 5.1
4.8 4.4
4.3 4.3
4.2 4.1
3.3 2.2
3.8 4
5.7 5.8
4.1 4

Highlight the data (not the headings)

Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
Select the Single/Two Sample page (this is the default page).

Select the t Test for Paired Sample Comparison option.

Fill in the t Test for Paired Sample Comparison Input form.

a. Data Entry Options: There are two data
entry options.

i. Enter Ranges: this option allows Method 8 Data (roheadingy: | ©52852 ]
you to enter the ranges on the
[™ Use Summarized Statistics for the Data (based on difference)

worksheet containing the data

for Methods A and B; default is | |
Type of Test
the worksheet range highlighted ”
the Worksheet % Two Sided " Lower One-Sided " Upper One-Sided
on .
ii. Use Summarized Statistis for the wriz |
Data" thls Option a“OWS yOU tO Variable A: Method A Variable &: Method B

enter a calculated average,
calculated standard deviation,
and sample size for the
differences.

t Test for Paired Sample Comparison Input EJ

Data Entry Options:

Method A Data {no heading): SAS2:5AS27 -

W

Hypathesized Difference: 0

Qutput Options:

™ First cell of output range on this worksheet

| N

% New Worksheet

b. Two-Sided, One-Sided: you will have the
three options: two-sided, lower one-
sided, or upper-one sided; two-sided is
the default; select which type of test you want

c. Alpha: this is the confidence level; 1- alpha is the confidence interval.

d. Variable A: this is the name of Method A; the default is what is in the cell above the first cell in
the selected range on the spreadsheet

e. Variable B: this is the name of Method A; the default is what is in the cell above the first cell in
the second selected range on the spreadsheet

f.  Include Hypothesis Test: this option will include a hypothesis test in addition to the confidence

interval.

Hypothesized Difference: this is the difference in means that you specify (in this example, 0).

Output Options: There are two output options:

i. First Cell of Output Range on an Existing Worksheet: select this option if you want the
output on an existing worksheet; then select the first cell of the range where you want
the output placed; a check is made to ensure that no existing data is overwritten in the
worksheet.

ii. New Worksheet: select this option to put the output on a new worksheet in the
workbook.

7. Select OK when you have completed the input form.

8. The output for the test is given below along with an explanation of the results.

Cancel

> @
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Output

95% Two-Sided Hypothesis Test for Paired Sample Comparisons Explanation (not in output)
Ho: 09 =0 Null hypothesis
Hqi: 89 <>0 Alternate hypothesis (two-sided in this example)
Difference Method A Method B
Calculated means, difference is Method A —
Mean 0.465 5.469 5.004 | Method B
Standard Deviation 0.482 1.486 1.580 | Calculated standard deviations
Variance 0.233 2.209 2.496 | Calculated observations
Sample Size 26 Number of paired samples
Degrees of Freedom 25 Degrees of freedom
Alpha 0.05 Alpha entered by user
t(0.025, 25) 2.060 t value based on alpha and degrees of freedom
Upper Confidence Level 0.271 100(1-alpha)% upper confidence limit
Lower Confidence Level 0.660 100(1-alpha)% lower confidence limit
t 4.919 Calculated t value
p value 0.0000 Calculated p value (in red if p value < alpha)
The null hypothesis is rejected. Decision based on p value and alpha
There is evidence that the mean difference is not equal to 0. Reject if p value < alpha
Reject if:
If p value (0) <= alpha (0.05)
If [p value > o.025, 25)

Formulas:

Let d = average of the sample difference between Method A and Method B and let sq be the standard
deviation of those differences.

Two-sided t confidence interval: d—t

Sd 3 Sd
n-1,0/2 ﬁ <8y <d+t, g4/ ﬁ

Upper one-sided t confidence interval: 6, = d-t

Sq
n-1,00 ﬁ

Lower one-sided t confidence interval: 8,<d+t

Sd
n-1,00 ﬁ

Calculated t value for hypothesis test: t= d_—6°

S'd/\/H
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One Proportion Test

This test is performed with binary data when you want to examine the absence or presence of a specific attribute.
This type of test is very common in elections when polling people to find out if they support person A or person B.

The test gives two options based on the size of the sample: large or small sample. A different approach is used
based on which case is selected. You should select the large sample case when np >10 with n = sample size and
p is the average proportion of events.

There are three options for the type of tests (where pq is the specified proportion):
e Two-sided:
0 Null hypotheses: p = pg
O Alternative hypotheses: p # pg
e Lower one-sided:
O Null hypotheses: p = pg
0 Alternative hypotheses: p < pg
e  Upper one-sided:
0 Null hypotheses: p = pg
0 Alternative hypotheses: p > pg

The example below demonstrates how to do this test using the SPC for MS Excel.

Examgleﬂ

A magazine conducted a telephone survey of 800 adults and asked if they had guns in the home. 45% of the
respondents said yes. We want to develop a 95% confidence interval for the proportion of homes with guns. We
also want a hypothesis test to see if 50% of the homes have guns. In this example, n =800 and p =.45. Thus, np
=800(.45) = 360. We will use the large sample option.

1. Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”

2. Select the Single/Two Sample page (this is the default page).

3. Select the One Proportion Test option.

4. Fillin the One Proportion Test Input form.
a. Title: enter the title of the test (optional) One Sample Proportion Test X
b. Number of Events (np): this is the number of events rte: | Gunsiromes

that occurred (e.g., the number of adults that said
they had a gun in the home).

c. Sample size (n): this is the sample size (e.g., the total
number of adults who responded).

d. Small or Large Sample?: select the large sample size

MNumber of Events (np): 360 sample Size (n): 800

Small or Large Sample?

* Large Sample  (npbar = 10) " Small Sample {npbar <= 10)

Type of Test

if the number of events is greater than 10; select the Cieseed | fioweroesees o onesied
small sample size if it is less than 10. ey 005
e. Type of Test: option for two-sided, lower one-sided, P Indude Hypothesis Test  Hypothesized Proporton: | -5
or upper one-sided test; two-sided test is the Output Options:
default. " First Cell of Output Range on this Warksheet | N
f.  Alpha: the confidence level; 1- alpha is the & New Workshest

confidence interval. -
oK Cancel

g. Hypothesized Proportion: this is the proportion you
specify (in this example, 0.5).
h. Output Options: There are two output options:

4 Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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First Cell of Output Range on an Existing Worksheet: select this option if you want the
output on an existing worksheet; then select the first cell of the range where you want
the output placed; a check is made to ensure that no existing data is overwritten in the
worksheet.

New Worksheet: select this option to put the output on a new worksheet in the

workbook.
5. Select OK when you have completed the input form.

6. The output for the test is given below along with an explanation of the results.

Output
95% Two-Sided Hypothesis Test for a Sample Proportion Explanation (not in output)
Houses with Guns
Ho: p=0.5 Null hypothesis
Alternate hypothesis (two-sided in this
Hi:p<>0.5 example)
Sample Case Large Sample case selected by user
Number of Events 360 | Number of events entered by user
Sample Size 800 | Sample size entered by user
Sample p 0.45 | Sample p = events/sample size
Sample q 0.55 | Samplegq=1-p
Alpha 0.05 | Alpha entered by user
Z(0.025) 1.960 | Calculated z value based on alpha
Lower Confidence Limit 0.416 | 100(1-alpha)% upper confidence interval
Upper Confidence Limit 0.485 | 100(1-alpha)% lower confidence interval
z -2.828 | Calculated z value
p Value 0.0047 | calculated p value (in red if p value < alpha)
The null hypothesis is rejected. Decision based on p value and alpha
There is evidence that the proportion is not equal to 0.5. | Reject if p value < alpha
Reject if:
If p value (0.0047) <= alpha (0.05)
If [2] > 2/0.025) |
Formulas

The following formulas are used for the large sample case using p = proportion of events and q = proportion of

non-events:

Two-side confidence interval:

One-sided upper confidence: p <

2 2 4 2 2 4

z z z z z z
p+ a/2 Pq /2 + (x/ZZ p+ /2 + Pq a/2 + a/ZZ

2n U n an” _ 2n V n 4n

2 pS 2
14 202 142002
n n
2 2 4
z zZ z
p+—%+ Pazq +—%
2n n 4n
2
Z
1+
n
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2 [ 2 4
p+Z—°‘— paz, +27a2
2n 4n

n
2
z
1+2
n

One-sided lower confidence interval: p >

P—Po
\Ipoqo/n

The small sample case uses the F distribution to develop the confidence intervals. The probability is based on

Calculated z value for hypothesis test: z=

the binomial distribution.
Define the following using np = number of events and n = sample size:
vy =2np, v, =2(n—np +1), v3 = 2(np+1), and v, = 2(n-np)

Two-side confidence interval for small case:

V,u
Lower bound = L where u=F, , 02
1,V2,0.
v, +vyu
VoW
Upper bound = —3—— where w=F, , o475
V, VoW v

Upper one-sided confidence interval

VoW
Upper bound = —3—— where w=F, . 5
Vg +VaW v

Lower one-sided confidence interval

viu
v, +Vvyau

Lower bound = where u=F,_ . o00s)
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Two Proportions Test

This test is used to compare the proportions or rates of two populations with binary outcomes. For example, you
could be testing two different drugs to determine if one is better than another at curing a certain illness. The Two
Proportions Test can be used to determine this.

There are three options for the type of tests (where d is the specified difference in proportions):

Two-sided:

0 Null hypotheses: p; —p, =&

0 Alternative hypotheses: p; —p, # &
Lower one-sided:

0 Null hypotheses: p; —p, = &

0 Alternative hypotheses: p; —p, < &
Upper one-sided:

0 Null hypotheses: p; — p, = 0g

0 Alternative hypotheses: p; — p, > &

The example below demonstrates how to do this test using the SPC for MS Excel.

Examgle5

A test was performed to compare two drug therapies on leukemia. The results are shown below. We want to use
these results to conduct a two parametric test.

ouewN

Enter the data in a spreadsheet as shown below. Note that the number of events (successes in this case)
and the number non-events (failures in this case) are entered on the spreadsheet.

Success

Failure

Drug 0 14

Drug 1 38

Select the data and the row and columns headings.

Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
Select the Single/Two Sample page (this is the default page).

Select the Two Proportions Test option.
Fill in the Two Proportions Test Input form.
a. Enter Data Range with Labels: this is the
spreadsheet range containing the data; the

Comparing Two Proportions Input

Enter Data Range with Labels (See Example Below): SAS1:5CE3 -

3

Eample 1

default is the selected range on the spreadsheet

b. Type of Test: option for two-sided, lower one-
sided, or upper one-sided test; two-sided test is
the default.

c. Alpha: the confidence level; 1- alpha is the
confidence interval.

d. Hypothesized Difference: this is the difference in
proportions you specify (in this example, 0).

e. Use Pooled p Estimate: this options pools the
successful proportions and uses this value in the z
calculation; can only be used if the hypothesized
difference is 0.

Fample 2

Successes Failures

1
10 17

Type of Test

@ TwoSdedi  ( Lower One-Sided

alpha: | 0.05

Hypothesized Difference: 0 [ |

Output Options:
" First Cell of Output Range on

+ New Worksheet

this Worksheet

Cancel

" Upper One-Sided

Use Pooled p Estimate
{Hypothesized Diff = 0)

[ -

> Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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f.  Output Options: There are two output options:

i. First Cell of Output Range on an Existing Worksheet: select this option if you want the
output on an existing worksheet; then select the first cell of the range where you want
the output placed; a check is made to ensure that no existing data is overwritten in the

worksheet.

ii. New Worksheet: select this option to put the output on a new worksheet in the

workbook.
7. Select OK when you have completed the input form.

8. The output for the test is given below along with an explanation of the results

Output

95% Two-Sided Hypothesis Test for the Difference in Two Proportions

Explanation (not in output)

Ho: p1-p2=0 Null hypothesis
Alternate hypothesis (two-sided in this
Hi:pi-p<>0 example)
Drug 0 Drug 1
Number of Events 14 38 | Number of events from data
Sample Size 21 42 | Calculated sample size from data
Sample p 0.667 0.905 | Calculated sample proportion of events
Sample q 0.333 0.095 | Calculated sample proportion of non-events
Use Pooled p Estimate? Yes Yes, if pooled estimate is used
Calculated pooled estimate of proportion of
Pooled p Estimate 0.825 events
Difference in Proportions -0.238 Calculated difference in proportion of events
Alpha 0.05 Alpha entered by user
Z(0.025) 1.960 z value based on alpha
Lower Confidence Limit -0.458 100(1-alpha)% lower confidence limit
Upper Confidence Limit -0.018 100(1-alpha)% upper confidence limit
z -2.347 Calculated z value
p Value 0.0189 Calculated p value (in red if p value < alpha)
Will be included if hypothesized difference is
Fisher's Exact Test p 0.0323 0
The null hypothesis is rejected. Decision based on p value and alpha
There is evidence that the difference in proportions is not equal to 0. Reject if p value < alpha
Reject if:

If p value (0.0189) <= alpha (0.05)

If [2] > 210,025

Formulas
p = proportion of events in the sample
q = proportion of non-events in the sample=1- p

n = sample size

Two sided conference interval: p; —p, -2,
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Lower one-sided confidence interval: p; —p, <p; —p, +2, " "
1 2

B, —B, —0
Calculated z value when not using pooled estimate of p: 2= pAl - Py 4
P1d1 | P20,
Ny n,
. P, +N,P
Pooled estimate of p: p= DuPa TNoPy
n, +n,
5, —, =0
Calculated z value when using pooled estimate of p:  z= Py Fl’z 0
STERES
ng N
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Sample Size Calculator

To access the sample size calculator:
1. Select the Six Sigma Tools icon from the SPC Menu.

2. Select the Sample Size Calculator option on the form Other Six Sigma Tools

When you select this option, you will see the dialog box to the right. The first page is for variables data. The

second page is for attributes data.

For variables data, select the Continuous (Variables) Data tab and enter the
following:

e Confidence interval
e Standard deviation
e  Margin of error (+/-)

In the example, we have a 95% confidence interval. The process has a standard
deviation of 20. The margin of error is how large a difference in means that we
would like to be able to detect. In this example, it is 5. Then select “Calculate
Sample Size,” and the sample size needed will appear in the bottom box. In
this example, 61 samples are needed. This test is based on the assumption of
the normal distribution.

For attributes data, select the Discrete (Attributes) Data tab and enter the
following:

e  Confidence interval

e Estimated percentage of successes
e Measurement error (%)

e  Population size (if known)

In the example, we want a 95% confidence level. 50% is our estimate of
successes. We want results that are accurate within +/- 5%. Then select
“Calculate Sample Size,” and the sample size needed will appear in the bottom
box. In this example, 384 is the sample size we need.

75

Sample Size Calculator E‘

Continuous (Variables) Data IDISUEhE {Attributes) Dats ]

Confidence Interval (e.g. 95%) | 95
20
5

| Calculate Sample Size |

Standard Deviation

Margin of Error {+f-)

Sample Size Needed: 61

Exit

Sample Size Calculator

Continuous (Variables) Data Discrete (Attributes) Data ]

Confidence Interval (e.g. 95%) | 95
50
5

Population size (eave blank if very large
or unknown)

Estimated percentage of successes

Measurement Error (%)

| Calculate Sample Size |

Sample Size Needed: 384

Exit
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Multiple Means and Variances

Fisher’s LSD Method for Means

The Fisher Least Significant Difference Method is used to compare means from multiple processes. The method
compares all pairs of means. It controls the error rate (a) for each individual pairwise comparison but does not
control the family error rate. Both error rates are given in the output. The output from this method also includes
the ANOVA table, the table of mean comparisons, and a graph containing all pairs of means.

There are two options for entering the data: stacked or unstacked. Stacked data has each treatment in a single
column. Unstacked data has the treatment labels in one column and the results in the adjacent column. Please
refer to the Stacked and Unstacked Data Entry section for more information. The example below uses stacked
data. The example below shows how to use this method in SPC for MS Excel.

Exampleg

Five different treatments (A to E) were used to control the weight of a coating in grams. There were four samples
for each treatment. We want to use Fisher’s LSD method to determine if there are any significant differences in
the treatments. The data is shown below.

1. Enter the data into a spreadsheet as shown below.
a. The column headings represent the treatment labels with the responses for each treatment
under the label. The number of results for each treatment does not have to be equal.

A B C D E
250 310 250 340 250
260 330 230 270 240
230 280 220 300 270
270 360 260 320 290

2. Select the data and the column headings.
3. Select the following from the SPC Menu:
Six Sigma Tools = Other Six Sigma Tools - Multiple Means and Variances - Fisher’s LSD Method for

Means
4. Fillin the Fisher’s Least Significant Difference Method Input form.
a. Data Input: there are two options: stacked and Fisher's Least Significant Difference Method X
unstacked; if the range selected on the worksheet Data Input
contains more than two columns, the default is " Stacked @ Unstacked
unstacked; this can be changed; the layout of the data
entry is shown above.
b. Alpha: the confidence level; 1- alpha is the confidence
inte rva I . Unstacked Input:
5. Select OK when you have completed the input form. Fespanies o resmentiewdls | senes ]
6. The output for the method is described below. = eopmp=ney
Alpha: 0.05

6 Example data from Wheeler, Donald, Advanced Topics in Statistical Process Control, SPC Press, Inc, 1995.
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Output

Two additional worksheets are added to the workbook for this analysis. One contains the data, the ANOVA table,
and the means pairs table. The other is graph depicting all pairs of means.

The data is summarized as stacked data along with some statistics for each treatment level as shown below. The
statistics include the number of results (count), the average, the standard deviation, and the variance for each
treatment level. The value of alpha is also given.

A B

270 360 260 320 290

250 330 230 270 270

260 310 250 340 240

230 280 220 300 250
Count 4 4 4 4 4
Average 252.5 320 240 307.5 262.5
Std. Dev. 17.078 33.665 18.257 29.861 22.174
Variance 291.667 | 1133.333 333.333 891.667 491.667
Alpha 0.05

The ANOVA table is given next as shown below. This table provides the sum of squares of the treatments, error
and total as well as the degrees of freedom. The mean square results are given along with the F value. The key
number is the p value. If this is less than or equal to alpha, it is turned red.

ANOVA
Degrees
Sum of of Mean
Source Squares Freedom Square
Treatments 19830 4 4957.5 7.89 0.0012
Error 9425 15 | 628.3333
Total 29255 19

The table of means is then given. This table is shown below. The family error rate and the individual rate are

given. These are expressed as confidence limits.

Fisher Least Significant Difference (LSD) Method

Family Conf. Int.=74.23%, Individual Conf. Int.=95%

Comparisons B;Z‘:; UCon Sig Diff.?
A-B -67.5 37.779 -105.279 -29.721 Yes
A-C 12.5 37.779 -25.279 50.279 No
A-D -55 37.779 -92.779 -17.221 Yes
A-E -10 37.779 -47.779 27.779 No
B-C 80 37.779 42.221 117.779 Yes
B-D 12.5 37.779 -25.279 50.279 No
B-E 57.5 37.779 19.721 95.279 Yes
C-D -67.5 37.779 -105.279 -29.721 Yes
C-E -22.5 37.779 -60.279 15.279 No
D-E 45 37.779 7.221 82.779 Yes

There is evidence that some pairs of means are different.

The columns in the table are:

e  Comparisons: all possible combination of pairs of means
e Diff in Means: the difference in the two means

77

©BPI Consulting, LLC

Cypress, TX



e LSD: Fisher’s Least Significant Difference which is given by:’

where N = number of total results, a = number of treatment levels, MSg is the mean square error and n is
the sample size for the individual treatment levels.

e LCON: the 100(1-a)% lower confidence interval = difference in means — LSD

e  UCON: the 100(1-0.)% upper confidence interval = difference in means + LSD

e Sig Diff?: conclusion if there is a significant difference between the two means; if there is a significant
difference, Yes is printed and turned to red; otherwise, No is printed. There is a significant difference if
the absolute value of the difference in means is greater than the LSD.

The second worksheet added to the workbook contains the confidence interval charts for the pairs of means as
shown below. Each confidence interval is labeled. Those that do not include 0 are significantly different.

Fisher LSD Method Confidence Intervals

° 2 *A-B
" = aA-C
A-D
A-E
B-C
o o ®B-D
- + +B-E
c-D
C-E
D-E
150,000 100,000 50,000 0.000 50.000 100000 150000

Confidence Intervals

7 Montgomery, Douglas C., Design and Analysis of Experiments, Sixth Edition, John Wiley & Sons, Inc, 2005
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Tukey’s Method for Means

The Tukey’s Method is used to compare means from multiple processes. The method compares all pairs of means.
It controls the family error rate (o). Both the family error and the individual error rates are given in the output.
The output from this method also includes the ANOVA table, the table of mean comparisons, and a graph
containing all pairs of means.

There are two options for entering the data: stacked or unstacked. Stacked data has each treatment in a single
column. Unstacked data has the treatment labels in one column and the results in the adjacent column. Please
refer to the Stacked and Unstacked Data Entry section for more information. The example below uses stacked
data. The example below shows how to use this method in SPC for MS Excel. This is the same data that was used
for the Fisher LSD method.

Examgle§

Five different treatments (A to E) were used to control the weight of a coating in grams. There were four samples
for each treatment. We want to use Tukey’s method to determine if there are any significant differences in the
treatments. The data is shown below.

1. Enter the data into a spreadsheet as shown below.
a. .The column headings represent the treatment labels with the responses for each treatment
under the label. The number of results for each treatment does not have to be equal.

A B C D E
250 310 250 340 250
260 330 230 270 240
230 280 220 300 270
270 360 260 320 290

2. Select the data and the column headings.
3. Select the following from the SPC Menu:
Six Sigma Tools = Other Six Sigma Tools - Multiple Means and Variances - Tukey’s Method for

Means
4. Fillin the Tukey’s Method Input form. Tukey’s Method X
a. Data Input: there are two options: stacked and Data Input
unstacked; if the range selected on the worksheet ¢ Stacked & Unstacked
contains more than two columns, the default is
unstacked; this can be changed; the layout of the data [
entry is shown above. [
b. Alpha: the confidence level; 1- alpha is the confidence reziE s
interval. oo s o [ssneess |
5. Select OK when you have completed the input form. o= e esdres)
6. The output for the method is described below. R 0

8 Example data from Wheeler, Donald, Advanced Topics in Statistical Process Control, SPC Press, Inc, 1995.
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Output

Two additional worksheets are added to the workbook for this analysis. One contains the data, the ANOVA table,
and the means pairs table. The other is graph depicting all pairs of means.

The data is summarized as stacked data along with some statistics for each treatment level as shown below. The
statistics include the number of results (count), the average, the standard deviation, and the variance for each
treatment level. The value of alpha is also given.

A B C

270 360 260 320 290

250 330 230 270 270

260 310 250 340 240

230 280 220 300 250
Count 4 4 4 4 4
Average 252.5 320 240 307.5 262.5
Std. Dev. 17.078 33.665 18.257 29.861 22.174
Variance 291.667 | 1133.333 333.333 891.667 491.667
Alpha 0.05

The ANOVA table is given next as shown below. This table provides the sum of squares of the treatments, error
and total as well as the degrees of freedom. The mean square results are given along with the F value. The key
number is the p value. If this is less than or equal to alpha, it is turned red.

ANOVA
Degrees
Sum of of Mean
Source Squares Freedom Square
Treatments 19830 4 4957.5 7.89 0.0012
Error 9425 15 | 628.3333
Total 29255 19

The table of means is then given. This table is shown below. The family error rate and the individual rate are
given. These are expressed as confidence limits.

Tukey's Test
Family Conf. Int.=95%, Individual Conf. Int:=99.25%, q(a,f,p)=4.367
Comparisons II\)/IlZfé;: (i;;tlljzl UCon Sig Diff.?
A-B -67.5 54.733 -122.233 -12.767 Yes
A-C 12.5 54.733 -42.233 67.233 No
A-D -55 54.733 -109.733 -0.267 Yes
A-E -10 54.733 -64.733 44,733 No
B-C 80 54.733 25.267 134.733 Yes
B-D 12.5 54.733 -42.233 67.233 No
B-E 57.5 54.733 2.767 112.233 Yes
C-D -67.5 54.733 -122.233 -12.767 Yes
C-E -22.5 54.733 -77.233 32.233 No
D-E 45 54.733 -9.733 99.733 No
There is evidence that some pairs of means are different.

The columns in the table are:

80

Comparisons: all possible combination of pairs of means
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e Diff in Means: the difference in the two means
e  Critical Value:’

where q.(a,f) = the studentized range statistic, f = degrees of freedom associated with MSg, a = number
of treatment levels, MS; = the mean square error, and n = the sample size for the individual treatment
levels.

e LCON: the 100(1-0.)% lower confidence interval = difference in means —T,,

e  UCON: the 100(1-0.)% upper confidence interval = difference in means + T,

e Sig Diff?: conclusion if there is a significant difference between the two means; if there is a significant
difference, Yes is printed and turned to red; otherwise, No is printed. There is a significant difference if
the absolute value of the difference in means is greater than the critical value.

The second worksheet added to the workbook contains the confidence interval charts for the pairs of means as
shown below. Each confidence interval is labeled. Those that do not include 0 are significantly different.

Tukey's Confidence Intervals

4 * ® A-B
= ® @A C
A-D
A-E
B-C
o o ®B-D
N + B-E
C-I
C-E
D-E
-150‘.000 »106.000 -50.‘000 0.000 50.600 100‘.000 150.‘000

Confidence Intervals

? Montgomery, Douglas C., Design and Analysis of Experiments, Sixth Edition, John Wiley & Sons, Inc, 2005
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Bonferroni’s Method for Means

Bonferroni’s Method is used to compare means from multiple processes. The method compares all pairs of
means. It controls the family error rate (). Both the family error and the individual error rates are given in the
output. The output from this method also includes the ANOVA table, the table of mean comparisons, and a graph
containing all pairs of means.

There are two options for entering the data: stacked or unstacked. Stacked data has each treatment in a single
column. Unstacked data has the treatment labels in one column and the results in the adjacent column. Please
refer to the Stacked and Unstacked Data Entry section for more information. The example below uses stacked
data. The example below shows how to use this method in SPC for MS Excel. This is the same data that was used
for the Fisher LSD method.

10
Example™

Five different treatments (A to E) were used to control the weight of a coating in grams. There were four samples
for each treatment. We want to use Bonferroni’s method to determine if there are any significant differences in
the treatments. The data is shown below.

1. Enter the data into a spreadsheet as shown below.
a. The column headings represent the treatment labels with the responses for each treatment
under the label. The number of results for each treatment does not have to be equal.

A B C D E
250 310 250 340 250
260 330 230 270 240
230 280 220 300 270
270 360 260 320 290

2. Select the data and the column headings.
3. Select the following from the SPC Menu:
Six Sigma Tools = Other Six Sigma Tools - Multiple Means and Variances - Bonferroni’s Method for

Means
4. Fill in the Bonferroni’s Method Input form.
c. Data Input: there are two options: stacked and Banferroni’s Method ®
unstacked; if the range selected on the worksheet Data Input
contains more than two columns, the default is ¢ Stacked @ Unstacked
unstacked; this can be changed; the layout of the data
entry is shown above.
d. Alpha: the confidence level; 1- alpha is the confidence
inte rva I . Unstacked Input:
5. Select OK when you have completed the input form. oo oty mmentis | senes ]
6. The output for the method is described below. a:mumnheadmgs)
Alpha: 0.05

10 Example data from Wheeler, Donald, Advanced Topics in Statistical Process Control, SPC Press, Inc, 1995.

82 ©BPI Consulting, LLC
Cypress, TX



Output

Two additional worksheets are added to the workbook for this analysis. One contains the data, the ANOVA table,
and the means pairs table. The other is graph depicting all pairs of means.

The data is summarized as stacked data along with some statistics for each treatment level as shown below. The
statistics include the number of results (count), the average, the standard deviation, and the variance for each
treatment level. The value of alpha is also given.

A B C D E

270 360 260 320 290

250 330 230 270 270

260 310 250 340 240

230 280 220 300 250
Count 4 4 4 4 4
Average 252.5 320 240 307.5 262.5
Std. Dev. 17.078 33.665 18.257 29.861 22.174
Variance 291.667 | 1133.333 333.333 891.667 491.667
Alpha 0.05

The ANOVA table is given next as shown below. This table provides the sum of squares of the treatments, error
and total as well as the degrees of freedom. The mean square results are given along with the F value. The key
number is the p value. If this is less than or equal to alpha, it is turned red.

ANOVA
Degrees
Sum of of Mean
Source Squares Freedom Square
Treatments 19830 4 4957.5 7.89 0.0012
Error 9425 15 | 628.3333
Total 29255 19

The table of means is then given. This table is shown below. The family error rate and the individual rate are
given. These are expressed as confidence limits.

Bonferroni's Method

Family Conf. Int.=95%, Individual Conf. Int.=99%

Comparisons :\)/;Zé;: C\;:IISZI LCon UCon Sig Diff?
A-B -67.5 58.244 -125.744 -9.256 Yes
A-C 12.5 58.244 -45.744 70.744 No
A-D -55 58.244 -113.244 3.244 No
A-E -10 58.244 -68.244 48.244 No
B-C 80 58.244 21.756 138.244 Yes
B-D 12.5 58.244 -45.744 70.744 No
B-E 57.5 58.244 -0.744 115.744 No
C-D -67.5 58.244 -125.744 -9.256 Yes
C-E -22.5 58.244 -80.744 35.744 No
D-E 45 58.244 -13.244 103.244 No

There is evidence that some pairs of means are different.
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The columns in the table are:

e  Comparisons: all possible combination of pairs of means
e Diff in Means: the difference in the two means

e  (Critical Value:

where t is the t value for v degrees of freedom and a confidence coefficient of oi/k where k is the number
of comparisons, MSg = the mean square error, and n = the sample size for the individual treatment levels.
e LCON: the 100(1-a.)% lower confidence interval = difference in means — CV
e  UCON: the 100(1-a)% upper confidence interval = difference in means + CV
e Sig Diff?: conclusion if there is a significant difference between the two means; if there is a significant
difference, Yes is printed and turned to red; otherwise, No is printed. There is a significant difference if
the absolute value of the difference in means is greater than the critical value.

The second worksheet added to the workbook contains the confidence interval charts for the pairs of means as
shown below. Each confidence interval is labeled. Those that do not include 0 are significantly different.

Bonferroni's Confidence Intervals

* *> A-B

- = mA-C

A-D
A-E
B-C
® L 4 €B-D
+ +B-E
clo
C-E
D-E
—156.000 —10(;.000 —50,‘000 0.000 50,600 100‘.000 1501000

Confidence Intervals
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Analysis of Means

Analysis of means is a graphical and statistical way of comparing k treatments means with the overall mean using
control charts. The method used in this program is described in the book Advanced Topics in Statistical Control by
Dr. Donald J. Wheeler. The maximum number of treatments is 25. The maximum subgroup size for each
treatment is also 25.

There are two options for entering the data: stacked or unstacked. Stacked data has each treatment in a single

column. Unstacked data has the treatment labels in one column and the results in the adjacent column. Please
refer to the Stacked and Unstacked Entry section in this manual for more information. The example below uses
stacked data. The example below shows how to use this method in SPC for MS Excel. This is the same data that
was used for the Fisher LSD method.

11
Example™

Five different treatments (A to E) were used to control the weight of a coating in grams. There were four samples
for each treatment. We want to use Analysis of Means to determine if there are any significant differences in the
treatments. The data is shown below.

1. Enter the data into a spreadsheet as shown below.
a. The column headings represent the treatment labels with the responses for each treatment
under the label. The number of results for each treatment does not have to be equal.

A B C D E
250 310 250 340 250
260 330 230 270 240
230 280 220 300 270
270 360 260 320 290

2. Select the data and the column headings.
3. Select the following from the SPC Menu:

Six Sigma Tools - Other Six Sigma Tools - Multiple Means and Variances - Analysis of Means
4. Fill the Analysis of Means Input Form

a. Range containing the treatments with the headings: Select Analysis of Means Form Input ]
both the data and the treatment names. Range containing the treatments with the headings
b. Treatment Data in Columns/Row: The data can either be in | sasnisess] []
C0|umns Or rows. Treatment Data in Columns/Rows?
. . . . {+ Columns " Rows
c. Title: The title of the averages chart. Default is “Analysis of
Means.”

Title: | Analysis of Means

d. Y-Axis Label: Default value is “Treatment Average”
e. X-Axis Label: Default value is “Treatment Number.”
f.  Rounding to Use in Titles: This is the rounding that is used in
the chart titles for the averages and control limits.
5. Select OK when you have completed the input form. ﬂ
6. The output for the method is described below.

V-Auis Label: | Treatment Average

X-Axis Label: | Treatment Number

Rounding to Use in Titles: [1}

1 Example and methodology from Wheeler, Donald, Advanced Topics in Statistical Process Control, SPC Press, Inc,
1995.
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Output

Two additional worksheets are added to the workbook. One worksheet contains the calculations. The other
worksheet contains the control charts for the analysis of means. The calculations worksheet is shown below.

Treatment A B C D E
250 310 250 340 250
260 330 230 270 240
230 280 220 300 270
270 360 260 320 290

Average 252.500 320.000 240.000 307.500 262.500

Maximum 270 360 260 340 290.000

Minimum 230 280 220 270 240.000

Range 40 80 40 70 50.000

Treatment Variance 291.6667 1133.333 | 333.3333 | 891.6667 491.667

Treatment DF 3 3 3 3 3

Overall Average 276.500

Average Range 56.000

dy* 2.096

Est SD(X) 26.718

Est SD(Xbar) 13.359

Degrees of Freedom 14

H 2.267

ANOM Upper Limit 306.780

ANOM Lower Limit 246.220

The treatment averages, maximum, minimum, range, variance, and degrees of freedom are calculated. The
overall average and range are calculated. The other parameters in the table are listed below:

e d,* = bias correction factor for using the average range to calculate the variance

R
e  Est SD(X): the estimated standard deviation of the individual values = —

*

2
Est SD(X)

7

e Degrees of freedom = the degrees of freedom associated with the average range

e H=the ANOM critical value based on o = 0.10, the number of treatments and the degrees of freedom
e ANOM Upper Limit = the upper decision limit for the analysis of means chart = Xbar + H(Est SD(Xbar)
e ANOM Lower Limit = the lower decision for the analysis of means chart = Xbar — H(Est SD(Xbar)

e  Est SD(Xbar): the estimated standard deviation of the X values =

The second worksheet contains the analysis of means chart as shown below. Means that are in red are

significantly different from the other means on the top chart. The bottom chart is a classical range control chart.
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Analysis of Means (Avg=277, UDL=307, LDL=246)
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The number of observations in each treatment does not have to be equal. If they are not equal, a pooled variance
estimation is used and there is no range chart in the output.
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Box and Whisker Plots

A Box and Whisker plot is used to present a visual representation of how data is spread out and how much
variation there is in the data. It focuses attention on the median, the quartiles, and the minimum and maximum
values. The example below demonstrates how to use the Box and Whisker plot in SPC for MS Excel

Example

You are interested in comparing the average monthly temperature for three cities. The Box and Whisker plot can
show this variation. The data you have is shown below.

1. Enter the data into a spreadsheet as shown below.

San
Seattle, Antonio New
WA TX York, NY
Jan 46 61 38
Feb 51 66 40
Mar 54 74 50
Apr 58 80 61
May 64 85 72
June 70 92 80
July 74 95 85
Aug 74 95 84
Sept 69 89 76
Oct 60 82 65
Nov 52 72 54
Dec 46 64 43

2. Select the data and the column headings (do not include the months).
3. Select the following from the SPC Menu:
Six Sigma Tools - Other Six Sigma Tools - Multiple Means and Variances - Box and Whisker Plots
4. Fillin the Box and Whiskers Plot Input form.
a. Select the range: The default range is the range that is [__ .- range contanng the datswth the hesdings
selected on the worksheet. esieoss |
b. Treatment Data in Columns/Rows: The data can be in
columns or rows.
c. Box and Whisker Title and Labels
d. Title: The title that will appear on the chart, default is “Box | soxand hisker Titie and Labes:
and Whisker Plot.” Tide || Box and whisker Plot
e. Y and Axis Label: The label that will appear on the y axis; | Vistebsk: | Hessurmm=nt
default is “Measurement.”
5. Select OK when you have completed the input form.
6. The Box and Whisker plot is shown on the next page.

Box and Whisker Plot Input E‘

Data in Columns/Rows?

*+ Columns " Rows

Cancel
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Box and Whisker Plot

100 -
90 -

80 -

%

70 A

60 -

50 +

Measurement

40 +

Seattle, WA }—
San Antonio TX %

30 A

New York, NY %

20 +

10 4

The picture below shows the values for each part of the Box and Whisker plot. The maximum value is presented
by the top line (whisker). The top part of the box is the 75% quartile; the bottom part is the 25% quartile. The
minimum is represented by the bottom line (whisker).

Maximum
/
~

Median <,

75% quartile

25% quartile ¥

F

¢ Minimum

Seattle, WA
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Bartlett’s Test for Equality of Variances

Bartlett’s Test is used to determine if the variances from multiple treatments (or processes) are the same. These
tests can be viewed as the following hypothesis test for k different treatments:

Ho = oclz + oczz + oc32 +....+ akz
Hi: the above equality does not hold for at least one o’

There are two options for entering the data: stacked or unstacked. Stacked data has each treatment in a single
column. Unstacked data has the treatment labels in one column and the results in the adjacent column. Please
refer to the Stacked and Unstacked Data Entry section for more information. The example below uses stacked
data. The example below shows how to use this method in SPC for MS Excel. This is the same data that was used
for the Fisher LSD method.

Exampleg

Five different treatments (A to E) were used to control the weight of a coating in grams. There were four samples
for each treatment. We want to use Bartlett’s method to determine if there are any significant differences in the
treatment variances. The data is shown below.

1. Enter the data into a spreadsheet as shown below.
a. The column headings represent the treatment labels with the responses for each treatment
under the label. The number of results for each treatment does not have to be equal.

A B C D E
250 310 250 340 250
260 330 230 270 240
230 280 220 300 270
270 360 260 320 290

2. Select the data and the column headings.

3. Select the following from the SPC Menu:
Six Sigma Tools = Other Six Sigma Tools - Multiple Means and Variances - Bartlett’s Test for
Equality of Variances

4. Fillin the Bartlett’s Test for Equality of Variances Input form. Bartlett’s Test for Equality of Variances X
a. Data Input: there are two options: stacked and Data Input
unstacked; if the range selected on the worksheet " Stacked  Unstacked
contains more than two columns, the default is
unstacked; this can be changed; the layout of the
data entry is shown above.
b. Alpha: the confidence level; 1- alpha is the [t
confidence interval. remporecs (i vesmentvcls | AsvEs L]
5. Select OK when you have completed the input form. 3o peings)
6. The output for the method is described below. Apne: ] 0.09

12 Example data from Wheeler, Donald, Advanced Topics in Statistical Process Control, SPC Press, Inc, 1995.
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Output

A new worksheet is added to the workbook. The top part of the worksheet contains the data in stacked format
along with some statistics for each treatment including count, average, standard deviation, and variance. The
value of alpha is also given. This part of the output is shown below.

A B C D E

250 310 250 340 250

260 330 230 270 240

230 280 220 300 270

270 360 260 320 290
Count 4 4 4 4 4
Average 252.500 320.000 240.000 307.500 262.500
Std. Dev. 17.078 33.665 18.257 29.861 22.174
Variance 291.667 | 1133.333 333.333 891.667 491.667
Alpha 0.05

The bottom part of the worksheet contains the information from Bartlett’s test as shown below.

Bartlett's Test for Equality of Variances

Treatment ‘ Count Variance Std. Dev.

A 4 291.667 17.078
B 4 1133.333 33.665
C 4 333.333 18.257
D 4 891.667 29.861
E 4 491.667 22.174
Test Stat 1.889

Chi Critical 9.488

p Value 0.7561

There is no evidence that the variances are different.

The treatments are listed along with the variance and standard deviation. The following three statistics are given:
e  Test Stat: this is the value of the chi-square test statistic:

22 = 2.3026ﬂ

=(N- a)Iog10 o Z(n —1)log S

c=1+ 361 (Z(n 1) (N~ a)_j
Za:(ni _1)52
g2 _ it
P N-a

where N = total number of observations, a = number of treatments, and Si2 is the variance of the i""
treatment.
e  Chi Critical: this the critical chi-square value based on alpha and the degrees of freedom (which is the

number of treatments —1) = Xi,a—l ; r eject the null hypothesis if Xé > X(zx,a—l

e pvalue: Reject the null hypothesis if p value < alpha

The last entry gives the conclusion; in this example, there is no evidence that the variances are different.

3 Montgomery, Douglas C., Design and Analysis of Experiments, Sixth Edition, John Wiley & Sons, Inc, 2005
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Modified Levene’s Test for Equality of Variances

The Modified Levene’s Test is used to determine if the variances from multiple treatments (or processes) are the
same. These tests can be viewed as the following hypothesis test for k different treatments:

Ho = oclz + oczz + oc32 +....+ akz
Hi: the above equality does not hold for at least one o’

There are two options for entering the data: stacked or unstacked. Stacked data has each treatment in a single
column. Unstacked data has the treatment labels in one column and the results in the adjacent column. Please
refer to the Stacked and Unstacked Data Entry section for more information. The example below uses stacked
data. The example below shows how to use this method in SPC for MS Excel. This is the same data that was used
for the Fisher LSD method.

ExamgleM

Five different treatments (A to E) were used to control the weight of a coating in grams. There were four samples
for each treatment. We want to use Levene’s method to determine if there are any significant differences in the
treatment variances. The data is shown below.

1. Enter the data into a spreadsheet as shown below.
a. The column headings represent the treatment labels with the responses for each treatment
under the label. The number of results for each treatment does not have to be equal.

A B C D E
250 310 250 340 250
260 330 230 270 240
230 280 220 300 270
270 360 260 320 290

2. Select the data and the column headings.

3. Select the following from the SPC Menu:
Six Sigma Tools = Other Six Sigma Tools - Multiple Means and Variances - Modified Levene’s Test
for Equality of Variances

4. Fillin the Levene’s Test for Equality of Variances Input form.

a. Data Input: there are two options: stacked and Levene's Method for Equality of Variances X
unstacked; if the range selected on the worksheet Bata Input
contains more than two columns, the default is ¢ Stacked % Unstacked
unstacked; this can be changed; the layout of the data
entry is shown above. [
b. Alpha: the confidence level; 1- alpha is the confidence [
inte rva I . Unstacked Input:
5. Select OK when you have completed the input form. Fesnanees oy st [ sasvess L]
6. The output for the method is described below. a:mumnheadmgs)
Alpha: 0.05

1 Example data from Wheeler, Donald, Advanced Topics in Statistical Process Control, SPC Press, Inc, 1995.
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Output

A new worksheet is added to the workbook. The top part of the worksheet contains the data in stacked format
along with some statistics for each treatment including count, average, standard deviation, and variance. The
value of alpha is also given. This part of the output is shown below.

A B C D E

250 310 250 340 250

260 330 230 270 240

230 280 220 300 270

270 360 260 320 290
Count 4 4 4 4 4
Average 252.500 320.000 240.000 307.500 262.500
Std. Dev. 17.078 33.665 18.257 29.861 22.174
Variance 291.667 | 1133.333 333.333 891.667 491.667
Alpha 0.05

The bottom part of the worksheet contains the information from Levene’s Method as shown below.

Modified Levene's Test for Equality of Variances

Treatment Count Variance Std. Dev
A 4 291.667 17.078
B 4 1133.333 33.665
C 4 333.333 18.257
D 4 891.667 29.861
E 4 491.667 22.174
F Levene 0.72
F Critical 3.06
p value 0.5886

There is no evidence that the variances are different.

The treatments are listed along with the variance and standard deviation. The following three statistics are given:
e F Levene: This is the Levene statistic given by :

where N = total number of observations and a = number of treatments.

I:Levene -

(N-2)3n, (D, - D)2
i=1

(a—1)§zi(Dij -D,)

i=1j=1

e  F Critical: This the critical value of F based on alpha with a-1 degrees of freedom in the numerator and N-t
degrees of freedom in the denominator; reject the null hypothesis if F Levene > F Critical.

e pvalue: reject the null hypothesis if p value < alpha

The last entry gives the conclusion; in this example, there is no evidence that the variances are different.
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Cause and Effect
Correlation Coefficients
The linear correlation coefficient, R, is a measure of the association between two variables. The maximum value
for Ris + 1. The minimum value for R is - 1. In both these cases, all sample points fall on a straight line. As R

approaches +1 or -1, the stronger the correlation between x and y. The square of this coefficient (R?) indicates the
fraction of variation in y that is associated with x. An example of how to use this test is given below.

Example

An engineer wants to know if there is a linear correlation between the hardening temperature, the tempering
temperature, and the hardness of steel part. The data that has been collected is shown below.

1. Enter the data into a spreadsheet as shown below.

Hardening Tempering Hardness
Temp. Temp
1670 1195 33.8
1665 1235 30
1665 1185 33.8
1635 1160 31.6
1640 1105 32.6
1640 1105 32.7
1680 1170 161
1640 1210 28.7
1660 1255 31.5
1670 1320 28.8
1670 1200 34.7
1665 1235 29.6
1660 1255 31.6
1635 1160 32.8
1700 1190 29.6
1675 1262 31.3
1660 1255 31.6
1605 990 303.7
1650 1175 31.5

2. Select the data and the headings.
3. Select the following from the SPC Menu:
Six Sigma Tools = Other Six Sigma Tools - Cause and Effect - Correlation Coefficients
4. Ensure that the range in the input box is correct.
5. Select OK.

6. The output for the method is described below. Correlation Coefficient

Select range containing the data including the headings
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Output

The output for the example data is shown below.

R/Prob Hardening Temp. Tempering Temp Hardness
Hardening Temp. 1 0.661 -0.44
0 0.002 0.06

Tempering Temp 0.661 1 -0.662
0.002 0 0.002

Hardness -0.44 -0.662 1
0.06 0.002 0

A new worksheet is added that contains the results. The variables are listed in the first row across and down the
first column. For each pair of variables, the correlation coefficient is given on one row and the p value is given on

the row below it. If the p value is £ 0.05, it is highlighted in red.

Formulas

3 (6~ Xy, ~7)

Pearson’s Correlation Coefficient: R =1L

where:

(n—1)s,s,

n = number of paired data points for the variable x and the variable y
s, = standard deviation of x

S

p value: determine from a two-tailed test using the t distribution with t=

X
y

= standard deviation of y
average of x
= average of y
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Failure Mode and Effects Analysis Template

A Failure Mode and Effects Analysis (FMEA) template is included in the program. To access the template from the

SPC Menu:

Six Sigma Tools - Other Six Sigma Tools - Cause and Effect > Failure Mode and Effects Analysis

The template is shown below. The sheet is set up to automatically calculate the Risk Priority Number when the
severity, occurrence, and detection ratings are entered. Some cells are protected. You can unprotect the
worksheet since there is no password. If you want to add multiple lines in a cell, such as under the “What are the
Potential Effects of the Failure Mode”, you enter a line, then hit ALT + Enter.

Failure Mode and Effects Analysis

Prepared by: Date Prepared:
8 c
; i ) 2 ; How Do We Ci tly P! tEach | ©
What is the W“?‘ 'S Ihe What are the Potential Effects of | ‘= [ What are the Possible Causes of E ow Do ¥e turrently wrevent =ac =
Potential Failure . o I = Listed Cause of Failure from 3 S o D RPN
Process? the Failure Mode % the Failure? 3 . 2
Mode? @ 3 Happening? b
o
Recommended Action Steps and Status Due
What Needs to Be Done Responsibility Status Date S o D |New RPN
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Plot Multiple Y Variables against One X Variable

The program will plot multiple Y variables against one X variable. The data for this chart must be in columns with
the X variable in the first column. The Y variables must be in adjacent columns. An example of how to create this

chart is given below for plotting two Y variables against the X variable.

Example

An experiment has been to do to measure the amps from a process over
time. The experimenter wants to compare the measured amps to the
theoretical amp.

1. Enter the data into a spreadsheet as shown to the right.
Select the data and the column headings.
3. Select the following from the SPC Menu:
Six Sigma Tools - Other Six Sigma Tools = Cause and Effect
-> Plot Multiple Y Variables Against One X Variable
4. Fillin the Plot Multiple Y Variables Against One X Variable Input
form.
a. Range containing the data including the labels: the
default value is the range selected on the worksheet.
b. Enter Title: this is the title of the chart
Enter Y-Axis (Vertical) Label: enter the label for the y axis,
defaultis Y.
d. Enter X-Axis (Horizontal) Label: enter the label for the x
axis; default is the column heading for the x variable
e. Date of Data Collection: you may enter the dates of data
collection; this is optional.
5. Select OK.
6. The chart for the example data is shown below.

g

Amp Experiment

Experimental | Theoretical
time Intensity Intensity
(sec) (amps) (amps)

0 6 6
0.2 5.8 5.9671314
0.6 5.6 5.7063391

1 5 5.1961524
1.2 4.7 4.854102
1.6 4 4.0147836

2 2.9 3
2.4 1.7 1.854102
2.8 0.5 0.6271708
3.4 -1.25 | -1.2474701
3.8 -2.25 | -2.4404199
4.2 -3.5 | -3.5267115

Plotting Multiple Y Variables Against One X Variable @‘

Enter range containing data induding labels; data must in columns.
The x values must be in the first column; the y values in the

adjacent columns.

| sasuiscsrs

-l

Enter Title: | Amp Exper\manﬂ

Enter Y-Axis (Vertical) Label: | Y

Enter X-Axis (Horizontal) Label: ‘ time (sec)

Dates of Data Collection

Start: |

time (sec)
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Scatter Plot Matrix

A scatter plot matrix is a two-dimensional array of scatter diagrams between every possible pair of variables in the
data. This allows you to quickly scan for relationships between the variables. An example of how to do a scatter

plot matrix is given below.

15
Example

A soft drink bottler is trying to predict delivery times for a driver. He has collected data on the delivery time, the
number of cartons delivered and the distance the driver walked. He wants to see the relationship between these

three variables. We will use the scatter plot matrix to do this.

1. Enter the data into a spreadsheet as shown below.

Delivery X1 X2
Time (Cartons) (Distance)

16.68 7 560
11.50 3 220
12.03 3 340
14.88 4 80
13.75 6 150
18.11 7 330

8.00 2 110
17.83 7 210
79.24 30 1460
21.50 5 605
40.33 16 688
21.00 10 215
13.50 4 255
19.75 6 462
24.00 9 448
29.00 10 776
15.35 6 200
19.00 7 132

9.50 3 36
35.10 17 770
17.90 10 140
52.32 26 810
18.75 9 450
19.83 8 635
10.75 4 150

2. Highlight the data and the headings.
3. Select the following from the SPC Menu:

Six Sigma Tools = Other Six Sigma Tools = Cause and Effect -

Scatter Plot Matrix

4. Ensure the correct range is in the Scatter Plot Matrix input box.

v

Select OK.

6. The resulting scatter plot matrix for this example is shown on the next

page.

Scatter Plot Matrix

Select range containing the data. The data mustin
columns with the first cell in the range containing the
variable name (e.g., X1, X2, Y)

1 Montgomery, D.C., Peck, E. A., Vinning, G, G, Introduction to Linear Regression Analysis, Wiley & Sons, 2006.
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Delivery Time

100.00
80.00
60.00
40.00
20.00

0.00

100.00
80.00
60.00
40.00
20.00

0.00

500 1000 1500 2000

0.00 20.00 40.00 60.00 80.00 100.00

X1 (Cartons)

500 1000 1500 2000

2000

1500

1000

500

0
0.00 20.00 40.00 60.00 80.00 100.00

2000

1500

1000

500

X2 (Distance)

Note that the diagonals contain the names of the variables. That is the y axis variable for that row of charts. For
example, on the first row of charts above, the delivery time is the y axis. The first chart has X1 as the x axis and the

last chart in the row has X2 as the x axis.
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Miscellaneous

Normal Probability Plot with Anderson-Darling Test

This test helps determine if your data is normally distributed. Data that is normally distributed will fall close to a
straight line on the normal probability plot. The Anderson-Darling test calculates a statistic that helps detects most
departures from normality.

If the p value (probability) for the Anderson-Darling statistic is less than 0.05, there is statistical evidence that the

data is not normality distributed. If the p value is greater than 0.20, the conclusion is that the data is normally
distributed. More data might be needed for values of p between 0.05 and 0.20.

The example below shows how to do this test using SPC for MS Excel.

Example

A hardness tester’s calibration is checked by testing a standard block once a day. The measurement error should
be normally distributed. Data for the last 25 days is given below. We want to determine if the results are normally
distributed.

354 36.25 36.13 36.02 36.26
36.05 35.97 36.17 3591 36.03
35.81 36.22 35.94 35.58 36.42
36.02 36.27 36.29 35.83 36.24
35.92 36.28 36.04 35.84 35.98

1. Select the data in the table.
2. Select the following from the SPC Menu:
Six Sigma Tools = Other Six Sigma Tools - Miscellaneous - Normal Probability Plot with Anderson-

Darling Test option. Normsl Probability Plot (7 [imeSm
3. Enter the range into the input form that is displayed (default is the range Select range containing the data
selected on the worksheet). i

4. Select OK Cancel

5. The normal probability plot on the next page is generated.

The points generally lie along the straight line on the normal probability plot. The Anderson-Darling statistic is
printed along with the p value, which in this case is 0.2195. Since it is greater than 0.20, you conclude that the
data comes from a normal distribution.
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Normal Probability Plot
(AD* = 0.4911, p = 0.2195)
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2 4 *
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o
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s
~
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3
35.0 352 354 356 358 36.0 36.2 36.4 36.6
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Distributions

This software has the ability to visually display 9 distributions. This is very helpful for understanding what a
distribution looks like and how it shape changes as you change parameters. There are three discrete distributions
and six continuous distributions.

Discrete Continuous
e Binomial e Beta
e Hypergeometric e Exponential
e Poisson e Gamma
e Lognormal
e Normal
e Weibull

The example below shows how to use this feature for the normal distribution.

Example

You are interested in seeing how the normal distribution changes as the average and standard deviation change.

1. Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
2. Select the Miscellaneous page.
3. Select the Distributions Option
4. Select the Normal Distribution Option
5. A new worksheet is added to the workbook as shown below.
a. There are more instructions on the worksheet inserted into workbook (click on instructions in cell
A2)
Normal Distributior
Instructions
Normal Distribution: Probability Density Function
Variables
Awerage 100 5%
Standard Deviation 10 -
X1 90 2 3%
X2 % 3%
2 2%
° 2%
Charting Options & 1%
X Axis Minimum 60 égj;
X Axis Maximum 140 9 % ®m N © O ¥ @ N © O ¥ ON OO Y DN QO
No. of Points 200 ceEEEESeEEETIEISESESAAS
X
Probabilities
P(X<: 90) 15.86553% Normal Distribution: Cumulative Distribution Function
P(X>90) 84.13447%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% -

60 70 80 90 100 110 120 130 140

Probability

The output shows two curves: the probability density function and the cumulative distribution function. The
probability density function shades the area less than or equal to X1. . You can adjust the variables for each
distribution. You can enter a new average, standard deviation, and value of X1 in the worksheet. For example,
you can enter these values: average = 10, standard deviation =2 and X1 =7.

To update the charts with the new information, select Update Charts icon from the SPC toolbar. You will see the
output below.
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Normal Distributior

Instructions

Variables
Awverage

Standard Dewviation
X1

X2

Charting Options
X Axis Minimum
X Axis Maximum
No. of Points

Probabilities
P(X<=7)
P(X>7)

200

ity

Probabil

Normal Distribution: Probability Density Function

148
15.6
16.4
17.2

18

6.68072%
93.31928%

Probability

25%
20%
15%
10%
5%
0%
o~
Normal Distribution: Cumulative Distribution Function

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% -+
2 4 6 8 10 12 14 16 18

X

You can also enter a value for X2. The probability density function will then shade the area between X1 and X2.

The output when X2=11 is shown

below.

Normal Distributior

Instructions

Variables
Average

Standard Dewviation
X1

X2

Charting Options
X Axis Minimum
X Axis Maximum
No. of Points

Probabilities
P(X<=7)
P(X>7)

P(X <= 11)
P(X> 11)

P(7 <= X<= 11)

10

11

18
200

6.68072%
93.31928%

69.14625%
30.85375%

62.46553%

Normal Distribution: Probability Density Function

10%

5%

Probability
BN N
g 8 4
£ X X

0%

148
15.6
16.4
17.2

18

Normal Distribution: Cumulative Distribution Function

Probability

N
IS
EY
®
=
1)
-
Y}
-
S

16 18

The output for the other distributions is very similar to the normal distribution.
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Side by Side Histogram

A side by side histogram is used to compare results. For example, you may have done a survey where respondents
gave a rating between 0 and 100 for a product. You want to visually compare the responses by males and by

females. You can use a side by side histogram is do this as is shown below.

Example

1. Enter the data into a spreadsheet. You have two options for entering the data.

a. Option 1: The data is already summarized by groups. In this example, you have grouped the

items based on ratings in sizes of 10 as shown below.

Grouping Female Male
0-10 1 1
11-20 3 6
21-30 1 0
31-40 0 1
41-50 2 5
51-60 4 4
61-70 3 2
71-80 3 2
81-90 3 3
91-100 4 0

b. Option 2: The raw data is listed in columns based on how you want to view the data (in this case,

male and female) as shown below.

Female Male

41 18
99 89
78 56
96 78
99 88
58 45
69 51
85 65
54 45
79 60
65 47

7 4
52 36
23 14
15 12
63 45
41 15
78 55
12 11
87 76
96 87
13 12
55 45
85 64

2. Highlight the data in the worksheet including the column headings.

3. Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
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4. Select the Miscellaneous page

5. Select the Side by Side Histogram option.
6. Fill out the Side by Side Histogram Input form. Side by Side Histogram x
a. Enter range containing data including labels; data must B E T AT R THANE FIE S 1 e E
be in columns: Enter the worksheet range containing | pesfangar [
the data including the column headings (see examples Data
above). The data must be in columns. The default O TR e Lt o
value is the range selected on the worksheet before tawergaund > [
selecting the Side by Side Histogram option. Casswich= [
e Data: There are the two options explained above. Enter Hitogram Tite: | Histogram
O Totaled by Class Already: The data has already be Enter Y-Ais Verical Labels | Fracuency
summed by class. Enter X-Axis (Horizontal) Label: | Measurement
O Not Totaled: The data has not been totaled. The S
program will perform this function based on the set [ Ea [
following two values:
= [ower Bound >: This value gives the M

starting point for the histogram. For
example, if you enter 0 here, the first class will involve values greater than 0 to the
class width
= (Class Width =: This is the width of one class.
e Enter Histogram Title: Enter the title that will appear on the chart. The default title is “Histogram.”
e  Enter Y-Axis (Vertical Label): Enter the label for the y axis. The default value is “Frequency.”
e  Enter X-Axis (Horizontal Label): Enter the label for the x axis. The default value is “Measurement.”
e Date of Data Collection: You can enter the dates of data collection. This is optional.
7. Select OK to create the side by side histogram.

The side by side histogram for this example is shown below.

Histogram of Male/Female Responses

6
6
5
5
4 4 4
o4
3
= Mal
2 3 3 3 3 3 EMale
w 3 |
2 2 2
2 I
11 1 1
14 I
:|:I: 0 0 [ 0
0 . . . :
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
Rating
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Chi-Square Goodness of Fit Test

This test is used to determine if a set of data fits a particular distribution. The chi-square statistic is used to
determine if the data fits a particular distribution. The example below shows how to do this test using the SPC for
MS Excel software.

16
Example™

A 1959 study measured the number of passengers in a car in urban traffic at one intersection. The data is given
below. Does this data represent a Poisson distribution? There are 1,011 observations.

Number of Passengers 0 1 2 3 4 | 5+
Observed Frequency 678 227 56 28 8 14

To use this technique, you must determine the expected frequency or number. To do this, first determine the
average of the observed frequencies. This is defined as the following:

A =[ (678*0)+(227*1)+(56*2)+(28*3)+(8*4)+(14*5)]/(678+227+56+28+8+14) = 0.519
You can use Excel’s Poisson function to find the expected values. For each number of passengers, use POISSON(x,
0.519, False) to find the expected value where x is the number of passengers. For example, for x = 0, the expected

value is 602. Once this is complete, you can apply the Chi-Square Goodness of Fit test.

1. Enter the data into an Excel spreadsheet as shown below.

Number of Observed Expected

Passengers Frequency Frequency
0 678 601.66
1 227 312.26
2 56 81.03
3 28 14.02
4 8 1.82
5 14 0.19

1. Select all the data in the table above including the headings.
From the SPC menu, select “Six Sigma - Miscellaneous page - Chi-Square Goodness of Fit Test
3. Fill in the Chi-Square Test for Association Input form.

a. Enter Data Range with Labels: this is the range
containing the table above; the default is the range
selected on the worksheet.

b. Alpha: this is the confidence coefficient

4. Select OK.
5. The output from the test is shown on the next page.

N

Chi Square Goodness of Test Fit El

Enter Data Range with Labels (See Below): sasLisce| -

nterval Observed Expected Apha: ‘ 0.05
1

27 45
195 198

[T AN
w
&
=1

Cancel

16 Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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Chi Square Results for Goodness of Fit

H,: The data is consistent with the specified distribution.

Hy: The data is not consistent with the specified distribution.

Number of Passengers Observed Frequency Expected Frequency Contribution to Chi-Square

0 678 601.66 9.68619
1 227 312.26 23.27954
2 56 81.03 7.73172
3 28 14.02 13.94011
4 8 1.82 20.98484
5 14 0.19 1003.76895

Alpha 0.05

x 1079.391

11005, 11.070

p Value 0.0000

The null hypothesis is rejected.

There is evidence that the data is not consistent with the specified distribution.

The null and alternate hypothesis is printed at the top of a new worksheet. The data is printed and the
contribution to chi-square determine. The value of alpha is printed and the calculated and critical values for chi-
square are calculated. The p value is determined. The conclusion is then generated based on the values of p and
alpha. In this example, the null hypothesis is rejected. There is evidence that the data does not follow a Poisson
distribution.
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Chi-Square Test for Association

The chi-square test for association is used to determine if there is any association between two variables. It is
really a hypothesis test of independence. The null hypothesis is that the two variables are not associated, i.e.,
independent. The alternate hypothesis is that the two variables are associated. The example below shows how to

do this test using the SPC for MS Excel software.

17
Example™*

A survey was done to determine if job satisfaction was related to income. A total of 901 people participated in the
survey. The data is shown below. We will use the chi-square test for association to determine if the two variables
are associated.

6.

12.
13.

Enter the data into an Excel spreadsheet as shown below.

Job Satisfaction
Income Very Dissatisfied | Little Dissatisfied | Moderately Satisfied | Very Satisfied
<6000 20 24 80 82
6000 - $15000 22 38 104 125
15000 - 25000 13 28 81 113
>25000 7 18 54 92

Select the shaded area as shown in the table above.

Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
Select the Miscellaneous page

. Select the Chi-Square Test for Association option.
. Fill in the Chi-Square Test for Association Input form.

Chi Square Test for Association Input EI

a. Enter Data Range with Headings: this is the range SAG2SESS =

Enter Data Range with Headings (See Below):

that contains the data plus the row and column i Ucess Falure apha: [ 005
headlngS Wihout A 1091 1492
’ Row Title: Income
b. Alpha: (1- alpha) is the confidence level; default is Note: This technique is nat
limited to a two way table. =
0.05. ‘fou may have any numbers Column Title: Job Satisfaction

of rows and columns.

c. Row Title: This is the heading for the levels of the
variable listed in the rows in the first column; the ﬂ
default is the first cell in the data range.

d. Column Title: This is the heading for the levels of the variable listed in the columns in the first row
of the selected range. The default is the cell above the first row in the second column (see
example above).

Select OK to run the test.
The output for this example is shown on the next page and explained below.

The top part of the output contains the data with the observed and expected values as well as the contribution of
each to xz. The row and column totals are also given.

The middle portion of the output contains the following:

Alpha (entered)

The calculated xz.

The degrees of freedom

The critical xz value based on alpha and the degrees of freedom
The calculated p value (will be in red if < alpha)

v Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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Chi Square Results for Association
Job Satisfaction
Very Little Moderately Very Row
Income Dissatisfied Dissatisfied Satisfied Satisfied Total
Observed 20 24 80 82 206
<6000 Expec.ted : 14.18 24.69 72.93 94.20
Contribution to
Y 2.393 0.019 0.684 1.579
Observed 22 38 104 125 289
6000 - $15000 Expec.ted . 19.89 34.64 102.32 132.15
Contribution to
xz 0.225 0.326 0.028 0.387
Observed 13 28 81 113 235
15000 - 25000 Expec.ted : 16.17 28.17 83.20 107.46
Contribution to
¥’ 0.622 0.001 0.058 0.286
Observed 7 18 54 92 171
525000 Expec.ted : 11.77 20.50 60.54 78.19
Contribution to
Y 1.931 0.304 0.707 2.438
Column Total 62 108 319 412 901
Alpha 0.05
% 11.989
Degrees of
Freedom 9
% 10.05,9) 16.919
p Value 0.2140
Residuals
Job Satisfaction
Little Moderately Very
Income Very Dissatisfied | Dissatisfied Satisfied Satisfied
<6000 5.82 -0.69 7.07 -12.20
6000 - $15000 2.11 3.36 1.68 -7.15
15000 - 25000 -3.17 -0.17 -2.20 5.54
>25000 -4.77 -2.50 -6.54 13.81
The null hypothesis is not rejected.
There is no evidence that Income and Job Satisfaction are associated

The bottom portion of the output contains the residuals. The residuals are the difference between the observed
and the expected values. The conclusion is then given based on the values of alpha and the p value. The null
hypothesis (that the variables are not associated) is rejected if the p value < alpha.
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Nonparametric

One Sample Sign Test

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. The
one sample sign test is one of these nonparametric statistical methods.

This method is based on collecting a number of samples from a population with unknown median, m. The median
is used in place of the average because the median is a better measure of the central tendency of the data than

the average for non-normal data. The example below shows how to do this test using the SPC for MS Excel
software.

ExampleE

A thermostat is used in an electrical device to check to the accuracy of the design setting of 200 °F. Ten
thermostats were tested to determine their actual settings. The results are given below.

202.2,203.4,200.5, 202.5, 206.3, 198.0, 203.7, 200.8, 201.3, 199.0
We want to use these results to see if the median setting is significantly different from the design setting of 200.

1. Enterthe results into an Excel spreadsheet as shown and highlight the data (not the headings).

Settings
202.2
203.4
200.5
202.5
206.3
198.0
203.7
200.8
201.3
199.0

2. Fill in the One Sample Sign Test form.

a. Range Containing Data (no heading): this is the range containing the data; default is the range
selected on the worksheet
Variable: name of the variable; default is the cell above the data selected on the worksheet
Alpha: (1- alpha) is the confidence level; default is 0.05.
Specified Median: enter the specified median; 0 is default; 200 entered for this example
Type: type of test: two sided, lower one-sided, or upper one-sided; default is two-sided.
Include confidence interval: check if you want the confidence interval displayed; default is not to
display the confidence interval.

~paoooT

18 Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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g. Output option: select the first cell of an output range on an existing worksheet and select a cell (a
check is made to ensure that there is nothing in the cells that will be written over) or select new

worksheet (the default).

3. Select OK once your have completed your entries.
4. The output is shown below with an explanation of the terms to the right.

Sign Test for Settings |

Explanation (not part of output)

Ho: m=m, Null hypothesis (m is median)

Hi: m<>mg Alternate hypothesis (two sided in this case)
Median (m) 201.75 | Calculated median from the data
Alpha 0.05 | Value of alpha entered by user
Specified Median (m) 200 | Specified median entered by user
Number Below m, 2 | Number of values below the median
Number = my 0 | Number of values equal to the median
Number Above m, 8 | Number of values above the median
Sample Size (Less = mg) 10 | Sample size not including values equal to specified median
p Value 0.1094 | cCalculated p value (will be red if <alpha)
The null hypothesis is not rejected. Conclusion based on value of p and alpha.
There is no evidence that the median does not equal 200. Reject the null if p value < alpha
97.85% Confidence Interval
Lower 199 | calculated confidence intervals
Upper 203.7
89.06% Confidence Interval
Lower 200.5
Upper 203.4

Notes:

e Any values equal to the median are not included; this reduces the effective sample size but should not be
an issue as long as there are not too many values equal to the median.
e The software uses the binomial distribution for the calculations and does not use a normal approximation

as the sample size becomes large.

e Exact confidence intervals cannot usually be calculated because of the discreteness of the binomial
distribution. Usually two confidence intervals will be given: the one above (1-alpha) % and one below it.
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One Sample Wilcoxon Signed Rank Test

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. The
one sample Wilcoxon signed rank test is one of these nonparametric statistical methods.

This method is based on collecting a number of samples from a population with unknown median, m. The median
is used in place of the average because the median is a better measure of the central tendency of the data than

the average for non-normal data. The example below shows how to do this test using the SPC for MS Excel
software.

19
Example™

A thermostat is used in an electrical device to check to the accuracy of the design setting of 200 °F. Ten
thermostats were tested to determine their actual settings. The results are given below.

202.2, 203.4, 200.5, 202.5, 206.3, 198.0, 203.7, 200.8, 201.3, 199.0
We want to use these results to see if the median setting is significantly different from the design setting of 200.

1. Enter the results into an Excel spreadsheet as shown and highlight the data (not the headings).

Settings
202.2
203.4
200.5
202.5
206.3
198.0
203.7
200.8
201.3
199.0

2. Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”

3. Select the Nonparametric page (the last one).
4. Select the One Sample Signed Wilcoxon Rank Test
. One Sample Wilcoxon Signed Rank Test E‘
option.
5. Fl” in the One Samp|e Slgn Test form. Range containing data (no heading): | SASDISAS1T J
a. Range Containing Data (no heading): this is Varisble: | Settngs Mphs: [ 005 SpecfiedMedan: | 200
the range containing the data; default is the -
range seIeCted on the WorkShGEt * Two-Sided " Lower One-Sided ™ Upper One-Sided

b. Variable: name of the variable; default is the
cell above the data selected on the

W Indude Confidence Interval}

Cutput Options:

worksheet
. . ™ First Cell of Qutput Range on an Existing Worksheet: -
c. Alpha: (1- alpha) is the confidence level;
. (¥ New Worksheet
default is 0.05. . ool

d. Specified Median: enter the specified median;
0 is default; 200 entered for this example

19 Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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Type: type of test: two sided, lower one-sided, or upper one-sided; default is two-sided.
f. Include confidence interval: check if you want the confidence interval displayed; default is not to

display the confidence interval.

g. Output option: select the first cell of an output range on an existing worksheet and select a cell
(a check is made to ensure that there is nothing in the cells that will be written over) or select

new worksheet (the default).

6. Select OK once your have completed your entries.
7. The output is shown below with an explanation of the terms to the right.

Wilcoxon Signed Rank Test

Explanation (not part of output)

Ho: m=m, Null hypothesis (m is median)
Hi:m<>mg Alternate hypothesis (two sided in this case)
Median 201.75 | Calculated median of the data
Specified Median 200 | Specified median entered by user
Calculations; if sample size < 20, the null distribution of the
Wilcoxon Signed Rank Statistic is used (small case); if sample
Sample Case Small size > 20, the normal distribution is used (large case)
Alpha 0.05 | Value of alpha entered by user
Sample Size 10 | Sample size not including values equal to specified median
W 39 | W+-W-
W+ 47 | Sum of ranks of the positive values
W- 8 | Sum of ranks of the negative values
Calculated z value for large sample case; N/A for small sample
z Value N/A case
p value 0.0488 | Calculated p value (will be red if < alpha)
The null hypothesis is rejected. Conclusion based on the values of p and alpha
There is evidence that the median does not equal 200. Reject the null if p value < alpha
94.72% Confidence Interval
Lower 200.1 | Calculated confidence interval
Upper 203.55
Notes:

e Any values equal to the median are not included; this reduces the effective sample size but should not be
an issue as long as there are not too many values equal to the median.

e The software uses the null distribution of the Wilcoxon rank signed statistic when the sample size is less
than 20 and uses a normal approximation when the sample size is greater than or equal to 20.

e  Exact confidence intervals cannot usually be calculated. The confidence interval given is two-sided and
based on a normal distribution approximation with a continuity correction.

e The calculated median is the median of the Walsh averages

113

©BPI Consulting, LLC
Cypress, TX



Two Sample Mann-Whitney Test

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. The
two sample Mann-Whitney test is one of these nonparametric statistical methods.

The Mann-Whitney test is used when you want to determine if the results from one population or larger than the
results from another population. For example, you might want to do if a group of patients treated with a new
vaccine did not get ill as often as a group of untreated patients. The example below shows how to do this test
using the SPC for MS Excel software. The median is once again used in this test since it is a better measure of the
central tendency of the data than the average for non-normal data.

20
Example™

The data below is the failure time for 18 capacitors. Eight had been tested under normal operating conditions; ten
had been tested under thermally stress conditions.

Normal: 5.2,85 9.8,12.3,17.1,17.9, 23.7, 29.8
Stress: 1.1,2.3,3.2,6.3,7,7.2,9.1,15.2,18.3, 21.1

We want to use these results to see if there is a difference between the two groups.

1. Enter the results into an Excel spreadsheet as shown and highlight the data (not the headings).

Normal Stress
5.2 1.1
8.5 2.3
9.8 3.2

12.3 6.3
17.1 7
17.9 7.2
23.7 9.1
29.8 15.2

18.3

21.1

Mann-Whitney Test Input EJ

. . . Range for Method A Data (no headings): | $as2:sa811
2. Select the Six Sigma Tools icon from the SPC Menu to show

the form “Other Six Sigma Tools.”

Method A Title: ‘ Control

Range for Method B Data {no headings): | $BS2:$B511

3. Select the Nonparametric page (the last one). =
4. Select the Mann-Whitney Test for Two Samples option. e <=
5. Fill in the One Sample Sign Test form. Algha: | 0.05 I Include Confidence Interval
a. Range for Method A Data (no headings): this is the -
range containing the data for the first method; T ey ————
default is the first column range selected on the oot cptire:
worksheet ™ First Cell of Output Range on this Warksheet ’—;|

b. Method A Title: name of the first variable; default is
the cell above the first column selected on the

worksheet Concel

c. Range for Method B Data (no headings): this is the

% New Worksheet

2 Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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Notes:

range containing the data for the first method; default is the second column range selected on

the worksheet

d. Method B Title: name of the first variable; default is the cell above the second column selected

on the worksheet

e. Alpha: (1- alpha) is the confidence level; default is 0.05.
f. Include confidence interval: check if you want the confidence interval displayed; default is not to

display the confidence interval.

g. Type: type of test: two sided, lower one-sided, or upper one-sided; default is two-sided.
h. Output option: select the first cell of an output range on an existing worksheet and select a cell
(a check is made to ensure that there is nothing in the cells that will be written over) or select

new worksheet (the default).

Select OK once your have completed your entries.

The output is shown below with an explanation of the terms to the right. The option for a confidence

interval is included.

Two Sample Mann-Whitney Test

Explanation (not included in the output)

Ho: 0, =0, Null hypothesis (medians are equal)
Hq: 0, <> 0, Alternate hypothesis (two-sided in this example)
Control Stress | Names to two methods
Median 14.7 7.1 | Calculated medians of the two methods
Sample Size 8 10 | Sample size of the two methods
Median of Differences 6.1 Median of the differences
No. of + Differences 59 Number of + differences for each pair of numbers
No of 0 Differences 0 Number where the pair of numbers are equal
No. of - Differences 21 Number of — differences for each pair of numbers
Alpha 0.05 Value of alpha entered by user
z Value 1.64 Calculated z value
p value 0.1002 Calculated p value (will be red if < alpha)
The null hypothesis is not rejected. Conclusion based on the values of p and alpha
There is no evidence that 0, does| not equal 0,. Reject if p value < alpha
94.94 Confidence Interval
Lower -1.2 Calculated confidence interval
Upper 14.7

The software uses a normal approximation for this test.

In the case of ties, 0.5 is added to both the + differences and the — differences.
Exact confidence intervals cannot usually be calculated. The confidence interval given is two-sided and
based on a normal distribution approximation with a continuity correction.
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Kruskal-Wallis Test for Multiple Samples

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. The
Kruskal-Wallis test is one of these nonparametric statistical methods.

The Kruskal-Wallis test determines if there is a difference between the medians of different samples. The median
is used in this test since it is a better measure of the central tendency of the data than the average for non-normal
data. In addition, pairwise comparisons are given to determine which medians are significantly different. The
example below shows how to do this test using the SPC for MS Excel software.

21
Example™

An experiment was done to compare four different methods of teaching the concept of percentages to sixth
graders. 28 classes were randomly assigned to the four methods. A 45 item test was given to all classes. The
average test scores are given below. We want to use the Kruskal-Wallis test to determine if there are significant
differences in the four methods.

1. Enter the results into an Excel spreadsheet as shown below and select the data and headings.

Unitary

Case Formula Equation Analysis

Method Method Method Method
14.59 20.27 27.82 33.16
23.44 26.84 24.92 26.93
25.43 14.71 28.68 30.43
18.15 22.34 23.32 36.43
20.82 19.49 32.85 37.04
14.06 24.92 33.9 29.76
14.26 20.2 23.42 33.88

2. Select the Six Sigma Tools icon from the SPC Menu to show the form “Other Six Sigma Tools.”
3. Select the Nonparametric page (the last one).
4. Select the Kruskal-Wallis Test for Multiple Sample option.
5. Complete the Kruskal-Wallis Test Input form. Kruskal-Wallis Test Input
a. Enter Data Range with Labels: enter the range Enter Data Range with Headngs (See Below): | sAstissd _|
containing the data and the column labels; default is [lefiod A etiods pe: [005
the range selected on the worksheet. = =z
b. Alpha: (1- alpha) is the confidence level; default is Note: This technique & not

limited to a two methads, Cancel
0.05. J

6. Select OK once your have completed your entries.
7. The output is shown below with an explanation of the terms to the right.

2 Example from Statistics and Data Analysis, by Ajit Tamhane and Dorothy Dunlop, Prentice-Hall, 2000.
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Kruskal-Wallis Test with Pairwise Comparison Explanation (not included in the output)
Unitary
Case Formula Equation Analysis
Method Method Method Method Data is reprinted

14.59 20.27 27.82 33.16

23.44 26.84 24.92 26.93

25.43 14.71 28.68 30.43

18.15 22.34 23.32 36.43

20.82 19.49 32.85 37.04

14.06 24.92 33.9 29.76

14.26 20.2 23.42 33.88
Median 18.15 20.27 27.82 33.16 Calculated median for each method
Rank Sum 49 66.5 125.5 16 5 Calculated sum of the ranks
Count 7 7 7 7 Number of results in each method
Average Rank 7.000 9.500 17.929 23.571 Calculated average rank
Alpha 0.05 Alpha entered by the user
kw Statistic 18.134 Calculated Kruskal-Wallis statistics
p value 0.0004 Calculated p value (will be red if < alpha)
Conclusion Conclusion

If p value < alpha, then there are
There is evidence that there are dif_|ferences in the methods. differences
Pairwise Critical Pairwise comparison using the
Comparison Diff. Value Diff? studentized range distribution

Case Method-Formula Method 2.500 11.299 No If significant difference, Yes.
Case Method-Equation Method 10.929 11.299 No
Case Method-Unitary Analysis Method 16.571 11.299 Yes
Formula Method-Equation Method 8.429 11.299 No
Formula Method-Unitary Analysis Method 14.071 11.299 Yes
Equation Method-Unitary Analysis Method 5.643 11.299 No

Notes:

e  Uses the chi-square distribution to determine the p value.
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Select Cells

You can save some time with some of the tools in this program by selecting the appropriate cells prior to selecting

the icon on the SPC toolbar. For example, if you are making a p control chart, it is beneficial to select the subgroup
identifiers before selecting the attribute control chart icon from the SPC toolbar. This can be a little cumbersome if
you have lots of subgroups. The Select Cells (SC) on the SPC toolbar helps make this easier.

Selecting One Cell Only

If you have the cursor in one cell only (as shown by the shaded
cell in the table to the right) and you select the SC icon on the
SPC toolbar, the program will select the cells directly below the
shaded cell (including the shaded cell) as shown the table
below.

Number of Number that
Date Telemarketing Result in an
Calls (n) Order (np)

2/1/2003 40 5
2/2/2003 63 10
2/3/2003 47 12
2/4/2003 52 7
2/5/2003 34 3
2/6/2003 59 21

Selecting More Than One Cell

If you select more than one cell (as shown to the right), all
adjacent cells (beginning with the first row and first column) will

Number of Number that
Date Telemarketing Resultin an
Calls (n) Order (np)
2/1/2003 40 5
2/2/2003 63 10
2/3/2003 47 12
2/4/2003 52 7
2/5/2003 34 3
2/6/2003 59 21
Number of Number that
Date Telemarketing Resultin an
Calls (n) Order (np)
2/1/2003 40 5
2/2/2003 63 10
2/3/2003 47 12
2/4/2003 52 7
2/5/2003 34 3
2/6/2003 59 21

be selected.
Number of Number that
Date Telemarketing Result in an
Calls (n) Order (np)

2/1/2003 40 5
2/2/2003 63 10
2/3/2003 47 12
2/4/2003 52 7
2/5/2003 34 3
2/6/2003 59 21
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Transfer Charts to PowerPoint or Word

You can transfer one or more charts to PowerPoint by selecting the PowerPoint icon on the SPC menu or to Word
by selecting the Word icon on the SPC menu.

PowerPoint

To transfer to PowerPoint, a presentation will be opened if there is not one opened. The program adds a slide to
the presentation and copies the chart over. You can transfer multiple charts at once by selecting multiple
worksheets in Excel before running this option.

Word

A Word document will be opened if there is not a Word document open. The chart is placed in the open document

wherever the cursor is. You can transfer multiple charts at once by selecting multiple worksheets in Excel before
running this option.
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