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flgm v || What’s New in SigmaXL Version 9

Simply Smart Software

Part 1: New and Improved Control Charts

e New Control Chart Templates:
e Rare Events T, G and Probability-Based G
e Trend/Tool Wear
e Exponentially Weighted Moving Average (EWMA)
e Tabular Cumulative Sum (CUSUM)

e Average Run Length (ARL) Calculators:

e Shewhart with Tests for Special Causes
e Attribute C&P
e EWMA & CUSUM



flgm v || What’s New in SigmaXL Version 9

Simply Smart Software

Part 1: New and Improved Control Charts

e [ests for Special Causes now supported for
menu-based control charts:

e MR/Range/StDev Charts (Tests 1-4)
e Varying Subgroup Sizes (Moving Limits)
e Historical Groups
e Tests for Special Causes Defaults dialog updated

e |-MR-R/S menu update
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Simply Smart Software

The Rare Events T Chart (or time-between chart) is an alternative to a
standard attribute chart when the adverse event of interest is relatively rare
and a measurement of time between each occurrence can be obtained.

If the rate of occurrence follows a Poisson distribution (the usual assumption
for a C or U chart), then the times between occurrences will have an
exponential distribution. The exponential distribution can be transformed to a
symmetric Weibull distribution by raising the time measure to the (1/3.6)
power.

A Shewhart Individuals chart is calculated on the transformed data and then
an inverse transformation is applied to the control limits in order to get back to
the original time between units. This is an approximate model to the
exponential and will result in asymmetric control limits.

Note that an "out-of-control" signal above the UCL is desirable, indicating a
significant increase in time between adverse rare events.

The Provost and Murray book, “The Health Care Data Guide: Learning from
Data for Improvement” is popular in health care, so SigmaXL uses the control
limit calculations as given in the book:
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Simply Smart Software

t = time between incidents

z = transformed time |z = t(1/39)|

Construct a Shewhart individuals control chart of z values:

MR, = average moving range of z’s

Remove moving range outliers (i.e., exceed UCL for moving range) for added robustness:
MR, = average moving range of z’s with any MRs > (3.27 * MR,) removed

CL, = Z (average of transformed time)

UCL Z+3 MEs
= *
4 1.128

LCL Z -3 Ll
— = *
z 1.128

Transform the center line and the limits back to time scale by raising them to the 3.6 power:

CLt — CLZ3.6= UCLt — UCLZB'G, LCLt — LCLZ3.6
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Simply Smart Software

SigmaXL > Control Charts > Control Chart Templates >
Rare Events > Rare Events T

Data: Days Between Surgical Site Infections.xlsx

Ra re Events T Co ntrOI Cha rt Control limits calculated using 20 data points.
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e The G chart (or Geometric chart) is an alternative to a standard attribute chart
when the adverse event of interest is rare and discrete opportunities between
events are counted (e.g., number of units or days between).

e The calculation of control limits (Provost and Murray) is an approximation
based on the geometric distribution. An "out-of-control" signal above the UCL
is desirable, indicating a significant increase in units/opportunities or days
between adverse rare events.

g = number of opportunities or units between incidents

g = average of g’s

CL = 0.693 = g (CL is the theoretical median for a geometric distribution)




Igm
. XL Example: Rare Events G Chart Template

Simply Smart Software

SigmaXL > Control Charts > Control Chart Templates >
Rare Events > Rare Events G

Data: Doses Dispensed Between Adverse Drug Events.xlsx

Ra re Events G COntrol Chart Control limits calculated using 20 data points.
35000

25000

20000 -
16913.90

TSN

R — -

15000

Rare Events: Doses Between Events
=
8
g

SRR C I R QI




Figm Rare Events Prob G Chart
i Template

Simply Smart Software

e The Rare Events Prob (Probability-Based) G chart (or Geometric chart) is an
alternative to a standard attribute chart when the adverse event of interest is
rare and discrete opportunities between events are counted (e.g., number of
units or days between). The use of probability-based control limits is
recommended in order to properly control the Type | (false alarm) error rate.

e The calculation of control limits is based on the geometric distribution
(Bennyan). Event probability and alpha are used to compute the non-
symmetrical limits. An "out-of-control" signal above the UCL is desirable,
indicating a significant increase in units/opportunities or days between
adverse rare events.

g = number of opportunities or units between incidents
g = average of g’s

The event probability is user specified or estimated as:

ﬁ:(gil)(Nfgl)

This is the minimum variances unbiased estimator.
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The probability-based control limits are calculated as:

B In(aycr)
UCL = In(1 —p) o |
~ In(0.5) i
~ In(1-p)
B In(1 — aycr)
LCL = max (0, I —p) == il

where ayy, is user specified.
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Simply Smart Software

SigmaXL > Control Charts > Control Chart Templates >
Rare Events > Rare Events Prob G

Data: Doses Dispensed Between Adverse Drug Events.xlsx

Ra re Events Proba bility Ba sed G Control Cha rt Control limits calculated using 20 data values.
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The Trend Control Chart template should be used with continuous data. The
data must be in chronological time-sequence order and have a consistent
positive or negative linear trend which is inherent to the process. This is also
known as a Toolwear Control Chart.

Center line (CL) is the linear regression equation. Stdev is estimated using
MR-bar/1.128 of regression residuals.

Note that the regression model estimation error is not included in the
calculation of the control limits. R-Square should be at least 50%, preferably
greater than 80%.

Trend control limit formulas are given in Provost and Murray. Alternatively, a
regular Individuals Chart may be constructed on the regression model
residuals.

12
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Simply Smart Software

SigmaXL > Control Charts > Control Chart Templates > Trend

Data: Trend Chart Example.xlsx

Trend Control Chart CL: Y= 1.012 X + 9.871; R-Square = 96.3%
Control limits calculated using 20 data points.
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Simply Smart Software

e The EWMA control chart uses weighted averages, where the weights
decrease exponentially as observations come from further in the past with the
smallest weights associated with the oldest observations.

e The formula used for the EWMA statistic is given as:
EWMA, = AX,+ (1 — A)EWMA,_;
with the starting value EWMA, estimated as the data mean and the smoothing

parameter A specified according to desired average run length characteristics
(see Average Run Length (ARL) Calculators).

14
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Simply Smart Software

Weights for different A values are shown graphically:

Weights for Different EWMA Lambda Values
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Simply Smart Software

The control limits for an EWMA chart are calculated as:

UCL = K . 1 1— A)2*
= Ho + KO (2_/—0[ —{— 2"

CL = pyg

LCL = K / 1-(1-21)*
= Ho — RO (2_;0[ - (1 -]

where [ is specified as the historical mean or estimated as:
fip =x
and o is specified as the historical standard deviation or estimated as:
6 =MR/d,.

Note, the K multiplier is called L in Montgomery (2013).
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imply Smart Software

Average (EWMA) Chart Template

EWMA: X

SigmaXL > Control Charts > Control Chart Templates > Time Weighted > EWMA

Data: Montgomery Table 9.1.xIsx

EWMA COntrol Cha rt Control limits calculated using Historical Mean and StDev.
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Simply Smart Software

e The CUSUM chart plots the cumulative sums of deviations of sample values
from a target value. Because they combine information from several samples,
cumulative sum charts are more effective than Shewhart charts for detecting
small process shifts.

e There are two ways to represent CUSUMSs: the tabular (or algorithmic)
CUSUM, and the V-mask form of the CUSUM (see Montgomery, 2013).
SigmaXL utilizes the Tabular CUSUM.

18
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Tabular Cumulative Sum (CUSUM)
Chart Template

The formulas used for the Tabular CUSUM statistics are given as:

C{ = max[0,x, — (ug + ka) + FIRq]
C; = min[0,x, — (uy — ko) + FIRo]

¢ = max[0,x, — (po + ko) + €4
Ce = min[0,x, — (uo — ko) + Ci_4]

where [, is specified as the Target or estimated as:

o =X

and o is specified as the historical standard deviation or estimated as:

6 = MR/d,

and k and FIR are specified.

19
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Simply Smart Software

k is the reference (or slack) value, typically set to 0.5. It sets the size of mean shift (2ko) that you
would like to detect quickly, so 0.5 denotes rapid detection of a shift in mean =1 o.

FIR is the optional fast initial response (or headstart) value. This sets the initial CUSUM statistic so
that it improves the sensitivity to a mean shift at startup.

The Tabular CUSUM control limits are calculated as:

UCL = ho
CL=0
.Ck: =—ho

where h is the decision interval, typically set to 4 or 5.

If FIR is used, it is typically set to h /2.

20
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Example: Exponentially Weighted Moving
Average (EWMA) Chart Template

SigmaXL > Control Charts > Control Chart Templates > Time Weighted > CUSUM

Data: Montgomery Table 9.1.xIsx

Tabula r CUSUM COntrol Cha rt Control limits calculated using Target and Historical StDev.

Tabular CUSUM: X
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Average Run Length (ARL) characteristics are very useful to compare the
performance of control charts and determine optimal parameter settings for
EWMA and CUSUM time weighted control charts.

The ARL value for a shift in mean = 0 sigma is the “in-control” average run
length and is denoted as ARLO. ARLO is 1/a, where a is the type | false alarm
probability, so this should be as large as possible minimizing the likelihood
that an out-of-control signal is a false alarm. In a Shewhart Individuals Control
Chart, ARLO = 1/a = 1/(0.00135*2) = 370.4. On average, we will see a false
alarm once every 370 observations. Note that this is a mean of a geometric
distribution, so in practice the actual ARLO will vary widely with the standard
deviation approximately equal to the mean value.

When we have a sustained shift in mean > 0, the ARL value is the “out-of-
control” run length and is denoted as ARL1. ARL1 = 1/(1-3), where [ is the
type Il miss probability and (1-B) is the power to detect. This should be as

small as possible so that a shift in process mean is quickly detected.

22
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Calculators

Simply Smart Software

The calculations for ARL are quite complex, involving either Exact, Markov
Chain approximation or Monte Carlo simulation to solve. The SigmaXL ARL
Templates take care of these calculations and are easy to use.

If Monte Carlo simulation is used, additional Run Length standard deviation
and percentile statistics are reported. Monte Carlo results will take some time
and vary slightly every time they are run. With 1000 (1e3) replications it will
be fast, approx. 10 seconds, but will have an ARLO error of approximately +/-
10%; 10,000 (1e4) replications will take about a minute, with an ARLO error of
+/- 3.2%; 100,000 (1e5) replications will take about ten minutes, with an ARLO
error = +/- 1%. More than 1e5 replications will be very time consuming and
may run into memory limitations, so is not recommended.

When using EWMA or CUSUM charts, we typically set the parameters to
minimize the ARL1 to give rapid detection for a small shift in mean of 1 sigma.
Shewhart charts are typically used when trying to rapidly detect a large shift in
mean of >= 3 sigma. Tests for special causes may be used with Shewhart to
improve the small shift performance, but they give poor ARLO performance
resulting in frequent false alarms.

23
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Subgroups improve the small shift performance of a Shewhart chart without
impacting the ARLO rate and, if possible, should be used. The ARL for
subgroup averages is adjusted by using the sigma of averages, sigma/vn. For
example, with a subgroup size of 4, the ARL1 values at shift in mean = 1 will
match the ARL performance of an Individuals chart with shift in mean = 2
sigma.

Note that subgroups for CUSUM and EWMA are not available in SigmaXL.

The problem of robustness to nonnormality can also be considered by using
the Pearson family to specify any value of skewness and kurtosis and
estimate the ARLs.

The average run length calculators are for two-sided charts with zero-state,
i.e., the shift is assumed to occur at the start. The parameters (mean,
standard deviation and proportion) are also assumed to be known. This will
not likely be the case in use, but is still useful for determining parameter
settings and comparison of ARL across chart types.

Due to the complexity of calculations, SigmaXL must be loaded and appear on
the menu in order for the ARL templates to function.

24
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Example: Shewhart ARL Calculator
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SigmaXL > Control Charts > Control Chart Templates >
Average Run Length (ARL) Calculators > Shewhart ARL

Shewhart ARL Exact (Test 1 Only); Subgroup Size = 1
Sk=0.0;Ku=0.0
(Two-Sided, Zero-State) !

400.087q.40

300.00

Shewhart ARL

350.00

250.00

200.00

150.00

100.00

50.00
9.47 6.30 4.41 3.24 2.49 2.00 1.45 1.19 1.07 1.02
\ 4 " 4 L 4 . 4 ]
0 05 1 1.5 2 25 3 35 4 45 5

Shift in Mean (Multiple of Sigma)

0.00
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Example: Attribute P ARL Calculator
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SigmaXL > Control Charts > Control Chart Templates >
Average Run Length (ARL) Calculators > Attribute P ARL

4

4

3

3

2

2

Attribute P ARL

il

1

Attribute P ARL Exact (Test 1 Only); Subgroup Size = 50
. CL=0.5;15Si =0.0707
(Two-Sided, Zero-State) e

50.00

384.29

00.00

50.00

00.00

50.00

00.00

50.00

00.00

Q.00 15.60,

. 15.60
1.00 1.03 1.12 1.36 1.92 3.20 6.42

'©"76.423.201.92 1.36 1.12 1.03 1.00
0.00
0.0000 0.1000 0.2000 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000

Process Proportion
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SigmaXL > Control Charts > Control Chart Templates >
Average Run Length (ARL) Calculators > Attribute C ARL

Attribute C ARL Exact (Test 1 Only)
CL =00,25; 1 Sigma = 00,5
(Two-Sided, Zero-State) 'gma

800.00

716.71

700.00

600.00

500.00

400.00

Attribute C ARL

300.00

200.00

100.00 49.7

194
1.00 1.00 1.03 1.29 2.18 4.96 14.32 11.92571 3.28 2.18 1.64 1.34 1.18 1.09

0.00
0.00 10.00 20.00 30.00 40.00 50.00 60.00

Process Mean Count
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Example: EWMA ARL Calculator

SigmaXL > Control Charts > Control Chart Templates >
Average Run Length (ARL) Calculators > EWMA ARL

EWMA ARL

400.00

356.10

350.00

300.00

250.00

200.00

150.00

100.00

50.00

0.00

0.5

EWMA ARL
(Two-Sided, Zero-State)

12.33 754 521 388 3.05 2.50 2.10 1.82 1.61 1.44

1 1.5

Weight (Lambda) =0.1;K=2.7
Type = Time-Varying
Markov Chain Approximation

1.22 1.10 1.04 1.01
o > 4 @ L @ — ®
2 25 3 35 4 4.5 5

Shift in Mean (Multiple of Sigma)
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Example: CUSUM ARL Calculator

SigmaXL > Control Charts > Control Chart Templates >
Average Run Length (ARL) Calculators > CUSUM ARL

CUSUM ARL

CUSUM ARL k=0,5;h=5,0;FIR=0,0;
. Markov Chain Approximation
(Two-Sided, Zero-State) i

500.0865.44
450.00
400.00
350.00
300.00
250.00
200.00
150.00
100.00
000 .00

' 17.0510.38 7.39 575 4.71 4.01 3.50 3.11 2.81 2.57 2.23 2.01 1.86 1.69

0.00 *— 2- @ @ o = i B

0 0.5 1 15 2 2.5 3 3.5 4 45 5

Shift in Mean (Multiple of Sigma)
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e [ests for Special Causes now supported for
menu-based control charts:

e MR/Range/StDev Charts (Tests 1-4)
e \arying Subgroup Sizes (Moving Limits)
e Historical Groups
e Tests for Special Causes Defaults dialog update

e |-MR-R/S menu update

30
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Example: Individuals & Moving Range
with Tests for Special Causes

SigmaXL > Control Charts > Individuals & Moving Range

Data: Overall Satisfaction in Customer Data.xlsx

Individuals and Moving Range Chart
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Example: Attribute P Chart with Tests for Special

Causes, Varying Subgroup Size

and Historical Groups

SigmaXL > Control Charts > Attribute Charts > P

Data: New York Daily Cycle Time Discrete - Before After Improvement.xlsx
with Day 40 modified: Fail = 20, Pass = 40, N = 60:

40

| arer | 20 | 40 60

Cancel

P-Chart
Day Numeric Data Variable (Y) >> ‘ | Fail
EBefore_After
Fail Subgroup Column or Size >> | M

Pass
Optional X-Axis Labels >> ‘

<< Remove |

C

[ v
[ o
[ o

+ Calculate Limits

" Historical Limits
v Tests for Special Causes

[ Sigma Zone Lines

Advanced Options |

™ Add Title ‘

Calculate Control Limits:
" Specify Subgroup Number for Calculation of Control Limits
(+ Specify Historical Group Column (Split Limits)

Historical Groups »>> | Befora_After

Before_aAfter

Fass ;]

L

L

d

Help
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XL Causes, Varying Subgroup Size

Simply Smart So

e | @and Historical Groups

0.700

0.600 4 —

|
0.400 -

0.300 -

Fail by Be

P

i
\\. 1

L0200 |7 - _ & . - - _
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0.000

S N T T T UL T N B T I S T R T o PP DPPFP R RRED DD PD R D DR

Tests for Special Causes - P - Fail
Number of Data Points Failing Tests = 1

Observation No.

40

Test 3: 6 points
Test 1: 1 point Test 2: 9 points in a row all Test 4: 14 points
more than 3 StDev | in a row on same | increasing or all |in a row alternating
from CL side of CL decreasing up and down
X
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Tests for Specials Causes Defaults Dialog Update

Tests for Special Causes Defaults

Define Tests ] Display Options for Tests |

* Run all "Tests for Special Causes"®

Wuaua-

>

-
\ T

v Test2: | ¥ | poOmG o ToOw OM Sarmme side of GL

v Test 3: b »| points in a row all increasing or decreasing

v Test 4: 14 points in a row alternating up and down

¥ Testh: 2 out of 3 points more than 2 standard deviations from CL (same side)

¥ Test b: 4 out of b points more than 1 standard deviation from CL (same side)

v Test ¥: 15 - points in a row within 1 standard dewviation from CL {either side)

¥ Test8: 8 poj i

will run only Tests 1 to 4.

deudiation from CL (either side)

MNote: Attribute charts (P. NP. C. U). Moving Range. Range and S5tDev chm

Save

/

Cancel

Help
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I-MR-R/S Menu Update

O

Control Reliability/ Time Series
Charts = | Weibull Analysis | Forecasting -
Control Chart Templates k

Contral Chart Selection Tool
Individuals

Individuals & Maoving Range
X-Bar& R

X-Bar&L 5

Agtribute Charts 4

Monnarmal B

I-MR-R
I-MR-5

"Tests for Special Causes' Defaults
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