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Have you seen out-of-control signals from a
control chart and cannot find a reason?

You are not alone!



What is a P-chart?

Wikipedia states “In statistical quality control, the p-chart is a type of
control chart used to monitor the proportion of nonconforming units in
a sample,

where the sample proportion nonconforming is defined as the ratio of
the number of nonconforming units to the sample size,

Let’s determine when a p-chart is appropriate.



Traditional p-chart Selection
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P-Chart Illustration

 What is your conclusion
from this p-chart?

e |s there a customer
problem?

 What action, if any,
should be taken?

* One would typically state
that the special-cause
events beyond the Upper
and Lower (UCL and LCL)
limits should be
investigated and resolved

P Chart (Defective Rate)

O|O3O 4 1

0.025 - UCL=0.0254%
£
=
- — | P=0.02117
& 0.020-
o
[

LA =0.01685
0.015 1
0.010 - 1
i1 3 5 7 9 11 13 15 17 19
Day
Modified from Table 12.1, integroted Enterprise Excellence Volume Iif - improvement

Project Execution: A Management and Block Belt Gulde for Going Beyond Lean Six
Sigma ond the Bolanced Scorecord, Forrest W. Breyfogle I, Bridgeway Books/Citius
Publishing Austin, TX, 2008.




Conclusion

* Another data analysis
indicates that this process
is stable and has an
approximate non-
conformance rate of 2%.

* If this non-conformance
rate is unacceptable, there
is a need for process
improvement.

* How can this process
stability statement be
true?
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An Alternative to Monitoring an Attribute
Process Output Response

Meet 30,000-foot-level

reporting

* Unlike a p-chart, this
chart’s upper and lower
control (UCL and LCL)
limits are calculated
from between subgroup
variability

* i.e., 3 times the chart’s o
sampling standard T —

Failure Rate (Proportion)
30,000-foot-level Report
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deviation

* This is a big deal, which
| will discuss later



30,000-foot-level Reporting:
Prediction Statement

* When a process is

stable, there is a
prediction statement
at the bottom of the
report

Failure Rate (Proportion)
30,000-foot-level Report

eV

* If a prediction
statement is
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q

unsatisfactory, there
is a need for process
Improvement



30,000-foot-level Report Comparison to P-chart

P Chart (Defective Rate)
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Traditional p-charts can lead to much firefighting high-level (i.e., 30,000-foot-
level) common-cause variation as though it originated from special cause
variability.




Benefits of 30,000-foot-level Reporting
Over Traditional Control Charting

* Control charts are to identify “out-of-control” signals for timely actions via Upper and Lower Control (UCL and
LCL) Limits

e Control chart UCL and LCL values are mathematically 3 times the sampling standard deviations from the mean

* Mathematically the sampling standard deviation for a p-chart is determined from WITHIN SUBGROUP
VARIATION (calculated from the binomial distribution)

* It is important to understand that for p-charts between subgroup variation has NO impact on UCL and LCL
values

* From a customer’s point of view, differences between work-shifts, days-of-the-week, machines, or other
similar factors (that occur between subgroups) are potential sources of common-cause variation, which
customers do not care about relative the quality of a product or service they receive

* For a p-chart, if there is between subgroup variation caused by customer-viewpoint common-cause factors,
many out-of-control signals can occur

* Control charts do not assess how well a measurement meets the needs of customers, which 30,000-foot-level
reporting does



Free 30,000-foot-level Reporting App

* For your dataset, you can
create a 30,000-foot-level

report with a free 30,000- i e (Froporton)
foot-level app that is
available at

https://smartersolutions. |~
com/free-app

e | will later demonstrate
how to use this app
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Book: Mathematical Explanation of Benefits of 30,000-
foot-level Reporting Over Traditional Control Charting

* Integrated Enterprise Excellence, Vol. Il
Improvement Project Execution: A
Management and Black Belt Guide for Going
Beyond Lean Six Sigma and the Balanced IMPROVEMENT PROIE
Scorecard EYECUTION

* Chapters 12 & 13 ey
e https://www.amazon.com/dp/1934454168/

and the Balanced Scorecard

FORREST W. BREYFOGLE 11l

Chapters 12 & 13
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Article: Mathematical Explanation of Benefits of 30,000-
foot-level Reporting Over Traditional Control Charting
¢ @gﬁmnerso.uﬁonsm6

o +1(512) 918-0280 ¥ info@smartersolutions.com f ¥ in

C\
SMARTER HOME  APPROACH v SERV'CEABOUTUS v CONTACTUS Q
SOLUTIONS

ARE YOUR KPI & PERFORMANCE METRIC REPORTS LEADING TO THE BEST BEHAVIORS?

Most organizations have metric-reporting issues that can lead to unhealthy if not destructive
organizational behaviors wasting MANY resources, and costing a LOT of money!

We can show you in a free 2 hour Zoom session how a change
to one of your KPI or operational performance metrics reports can
reduce corporate waste and have a MAJOR financial benefit.

—~——\

What Our Integrated Enterprise Excellence (IEE) System Provides:

KPI and Performance Business Management Business Process Management Lean Six Sigma
Metrics Reporting 2.0 System 2.0 Management 2.0 Information System 2.0 Implementation 2.0
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Mathematical Explanation of Benefits of 30,000-foot-
evel Reporting Over Traditional Control Charting: Article

v (& Performance Management Sol. X + - X

& > G 25 https://smartersolutions.com 3 Google Lens *) E H

28 [ All Bookmarks
o +1(512) 918-0280 = info@smartersolutions.com f ¥ in

HOME APPROACH ~ SERVICES ~ RESQURCES ~ ABOUTUS ~ CONTACTUS O\

RESOURCE LIBRARY BLOGS SOFTWARE

FORREST FAVORITES FREE ENTERPRISE PERFORMANCE REPORTING
FORREST'S BLOG SYSTEM (EPRS) - METRICS
ARTICLES (INTERNET)
PRACTITIONER'S BLOG IEE EPRS BUSINESS MANAGEMENT SYSTEM
ARTICLES (MAGAZINE)
MULTIDIMENSIONAL TESTING

ARTICLES (WHITE PAPER) BOOKS
PODCASTS MANAGEMENT 2.0: DISCOVERY OF INTEGRATED STORE

ENTERPRISE EXCELLENCE

BOOKS

PRESENTATIONS

LEADERSHIP SYSTEM 2.0: IMPLEMENTING

INTEGRATED ENTERPRISE EXCELLENCE TRAINING AIDS AND SOFTWARE
TOOLS & METHODOLOGIES

MINITAB AND LEAN SIX SIGMA: A GUIDE TO IMPROVE
TV INTERVIEWS BUSINESS PERFORMANCE METRICS
— SIGMAXL AND LEAN SIX SIGMA BOOK

IEEIMPLEMENTATION GUIDE (IEE VOLUME Il) We'ra Online! -
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Mathematical Explanation of Benefits of 30,000-foot-

level Reporting Over Traditional Control Charting: Article

Business Measurements
Business Management and Process
Improvement: Forrest’s Favorite Next Generation
Topics

« KPPl Management: KP| Metric Reports that lead to the Best Eshaviors

= Quality Metrics and their Reporting

= A Business Metrics Dashboard that Resolves Commonplace Metric Reporting Problems

The following business and process imp ent links provide Forrest's favorite summary of nest

= |Individuals Control Chart (XmE chart, |-chart] Reporting

generation discussions an these topics.

Business Management and Process Improvement: Forrest's + Probability Plotting: Quantifying Process Performance
Favorite Topics »  Control Chart Issuss: 30,000-foot-

el Chart Resolution

solytion

Forrest’s favorite topics contain articles, videos, blogs, and webinars that describe the Integrated Enterprise Excellence

{IEE) enhanced business management system and effective metric reparting which is predictive. <

The following links provide convenient access to many enhanced business management and performance reporting » P-Chart: |ssues and Resolution
technigues, which Forrest Breyfogle and the Smarter Solutions’ team has found beneficial in many organizations. & C—':hal_' SEUEE ang Resolunon
Business Management Topics

= Transforming Individuals Control Chart Crata

ThisHageen? Artide) » Process Capability Cp, Cpk, Pp, Ppk |Issues and Resolution
&5 This Happen? (Video)

Positive Metrics Poor Business Performance: How

Positive Metrics Poor Business Performance: How
it System Patent Press Release = Performance Reporting |ssues: 30 000-foot-level Resolution

Reporting Enterpriss Performance and Making Process lmprovements

Business M.

Patent: Syst

= Six Sigma Forum Magazine 2014 article: "30,000-Foot-Level Performance Metric Reporting”

Stoplight Scorecards: |ssues and Resolution

ez & Resolution

Performance Reporting (KPI Repor

= 30,000-foot-level Reports with Predictive Measurements

Strategic Planning and Execution: |ssues and Resolution

ct Selection with Whole-enterprise Benefit s 20.000-foot-level Chart Quantifies Process Improvement

c Selection, KPIs Report & Performance Measurements

= 30,000-foot-level Performance Reporting Applications

‘alue Chain with Predictive Scorecards

= Lean Implementation with Business System Integration

= 30,000-foot-level Charting: One Sample per Subgroup

= Business Manage System: Issues and Resolu

n

» Enhanced Business Management System: Descriptive Widsos

= 30,000-foot-level Charting: Multiple Samples in Subgroup

= Lean Six Sigma DMAIC Process Improvement

s 30 000-foot-level Charting: Attribute Pass/Fail Data

= Big Diata Integration with an Enhanced Management System

= 30,000-foot-level Charting: | nfrequent Failures
= 30,000-foot-level Charting: Mon-normal Data

Business Measurements

= KPIM: - KPI Metric Reports that lead &

he Best Behaviors

= Acceptable Quality Level (AQL): Issues and Resolution

their Reporting
ics Dashboard that Resolves Commonplace Metric Reporting Problems s Laney P Chart vs. @ 30 000-foot-level Re ;C'I't

= Individuals Control Chart (XmR chart, | chart] Reporting

- X ility Plotting: Quantifying Pros erformance

Enhanced Business Management System and Other Resources

= Transforming Individuals Control Chart Diata
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Mathematical Explanation of Benefits of 30,000-foot-
level Reporting Over Traditional Control Charting: Article

Issues and Resolution to p chart Control Limits
Formula False Signals

Traditional p chart control limits formula calculations can lead to firefighting common cause variation as though it were

special cause. This "false signal” issue can occur when common-cause process variation occurs between subgroups.

Described are p-chart issues and resolution to identified problems with the p chart control limits formula calculation,
which can improve organizational action to attribute data events.

The techniques can also be applied to the implementation of an organizational Operational Excellence system that

structurally integrates performance measures (and their improvement) with the processes that created them.

P Chart Control Limits Formula: Issues and Resolution
e

Content of this webpage is from Chapter 13 of Integrated Enterprise Excellence Volume Il - Improvement Project

Execution: A Management and Black Belt Guide for Going Beyond Lean Six Sigma and the Balanced Scorecard, Forrest W.
Breyfogle Il

P-charts are used in quality control to identify when special-cause or out-of-control conditions occur in time-series data

so that timely corrective actions can be taken to resolve problems. Sometimes data from a p-chart are used also to

provide a process capability statement or non-conformance statement. SC rO I I d OW n tO Se e a n | I I U St I"at | O n
However, there are issues in how p-charts are often created and applied because of the p chart control limits formula. a n d m at h e m at I Ca I eX p I a n at I O n

The application shortcoming of p-charts will be described in this article along with an alternative 30,000-foot-level
charting methodology that not only addresses this issue but also enhances application of the techniques. The described
methodology not only improves the accuracy of common-cause and special-cause statements but also provides a better
and more easily- understandable process capability or a process performance statement that is predictive.

This article will build on the special-cause and common-cause variability concepts described in the article Control

Charting |ssues: 30,000-foot-level Chart Resolution as it relates to time-series attribute data compiled in subsroups. 16




Mathematical Explanation of Benefits of 30,000-foot-

level Reporting Over Traditional Control Charting: Article

* For a p-chart, the equation
indicates that sampling
standard deviation originates ——|
from within subgroup

* For the 30,000-foot-level
charts, the MR-bar (moving
range) indicates sampling

For the p chart of these data, shown in Figure 1, many causal investigations could have been initiated because there are

rmany out-of-control signals. Out-of-control processes are not predictable: hence, no process capability claim should be

rmade.

For pcharts, failure rate pis tracked owver tige

LCL=p

What happens to
maqLCL and UCL of: the control limits
UCL=7 when n is large?

From these equations, the LCL and UCL are determined using the average non-conformance rate ( ) and subgroup size
(n). When the subgroup size is large, as it can be in many business situations, the distance between the LCL and UCL can
become quite small. Variability from day-to-day material lot differences or day-to-day transaction differences can

create the type of out-of-control signals shown in Figure 1.

standard deviation originates

from between subgroups

| will now demonstrate how
to access a free app so you
can easily create a 30,000-
foot-level chart for your data.

0,000-foot-level Charting in lieu of the Traditional p Chart

Anindividuals (X) chart tracks an individual value over time where the chart's control chart limits consider between-

subgroup variability. When adjasent subgroups are used to determine average moving range (Jgg), the X chart has a LCL

and UCL of:
LCL =x-266(MR) UCL =X+266(MR)

Unlike with a p-chart, the control limits for an individuals or X chart are a function of the average moving range between
adjacent subgroups. The importance of capturing between-subgroup variability when calculating statistical process

control-chart upper and lower control limits was discussed in Control Chart [ssues: 30,000-foot-level Chart Resolution.
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Accessing the Free 30,000-foot-level Reporting App

c s h1lps:f,-’smartersolutions.comﬁfree—business—processfmanagement—softwaref‘ >

https://smartersolutions.com/free-app

Click on this link to access the free app

o +1(512}918-0280 & info@smartersolutio

&

ns.com

HOME  AFPROACH . SERVICES

Free Business Process Management Software

This free business process management software can provide 3 prediction statement for stable output response

processes.

When 2 high-level {or 30,000-foot-level] process management respons is undesirable, this unsatisfactory response

"pulls’ forily = -

0
Figure 8.2, Hanks goif shots

Figure 7.8, Positive metric article, wastage baslin

e

Figure 7.13, Positive metric article, demonstrating wastage reduction

Figure 9.7, Expense
Figure 9.8, Lead Time

Figure 9.9, non-conformance rate

2, Lead time after process impravement

Figure 4.1, IEE Satellits-level EBITDA Report
Figure 4.2, Emergency Department visits
Figure 8.5, EBITDA

Figure 8.7, Customer dissatisfaction rate
Figure 8., Market share

Figure .10, Patient length of stay

Figure .11, Operational expense to revenue ratio
Figure 8.14, Delivery time

Eimire & 17 Drauided samire discatisfartinn rate

e e
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Accessing the Free 30,000-foot-level App

c 22 smartersolutions.com/eprs-metrics-tool/

Register for app usage

o +1(512) 918-0250 = info@smartersolutions.com

s:\uull‘:‘ HOME APPROACH ~ SERVIC]
(_ SOLUTIONS

EPRS Metrics Tool

EPRS-Metrics Software - 30,000-foot-level and Satellite-level
Performance Metrics Reporting

Enterprise Performance Reporting System metrics (EPRS-metrics) software provides 20,000-foot-level and satellite-
level performance metric reporting for various types of time-series data.

It was stated in Management 2.0t Discovery of Integrated Enterprize Excellence & Leadership System 2.0:
Implementing Integrated Enterprise Excellence that the author intends to have a no-charge licensing fee for uze of this
software.

LEADERSHIP
SYSTEM

MANAGEMENT

FORREST W, BREYFOGLE IN FORREST W, BREYFOGLE NI

If you have any problems setting up an account or signing in, contact us at info@smartersolutions.com or 312-918-0280
with the details of your issue.

Register Today! Login Today!

“You are only moments away from gaining access If you already have an EPRS Metrics Tool

to the EPRS Metrics Tool when you register

today!

account, then login here.

19



Accessing the Free 30,000-foot-level App

(&) 2% smartersolutions.com/eprs-metrics-tool/eprs-metrics-tocl-registration/

Submit
Completed
Registration Form
and submit

EPRS Metrics Tool Registration

EPRS-Metrics Software — 30,000-foot-level and Satellite-level
Performance Metrics Reporting

are orovides 20000-Foct-wevel and satelite

LEADERSHIP
SYSTEM

4
FUNREST W DHEYRORLE I

20



Accessing the Free 30,000-foot-level App

€« & 22 smartersolutions.com/eprs-metrics-tool/
oo
oo
of +1(512) 913-0290 B info@smartersohstions.com
\'\I'\KII‘: L= AFFROACT SERVICES)
S

EPRS Metrics Tool

EPRS-Metrics Software - 30,000-foot-level and Satellite-level
Performance Metrics Reporting

Ertarprizs Parformance Aeporting Systemn matrics [EPRS-metrics) softasre provides 30,000 foct-level snd satelite-

. . | =] parformancs metric reparting for various types of ime-serissdats.

LOg' ni nto Ap p ¢ wizs statad inManag=ment 20: Discovery of Intezrated Enterarise Excellence & Leadershin System 200:
Implementing Int=zrated Enterpriss Expellence that the author inbends to have 2 no-chargs liosnging fee for use of this

saftuare.

LEADERSHIP

411121
[FRRREST W, BEETFLGLE W

rhodze




Accessing the Free 30,000-foot-level App

Two-book, Novel-written Series

< c 25 smartersolutions.com/eprs-metrics-tool/eprs-metrics-tool-app/

The green tabs provide
much useful information,
e.g., instructional videos

The “Example Datasets” tab
provides a list of the two-book RSt W BREYFOGLE
series datasets (shown on the -~ X

right). From this listing, a
dataset can be downloaded so
that the app can create a
30,000-foot-level report for
the chosen dataset.

LEADERSHIP
SYSTEM

FORREST W. BREYFOGLE 1!l

mmmmmmmmmmmmmmmmmmmmmmmmm To open the app,
click this button

22
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Accessing the Free 30,000-foot-level App

A 30,000-foot-level chart will now be
created for the original p-chart dataset

Proportion

P Chart (Defective Rate)

0.0301,

0.025 | UQL=0.02549
P=0.02117
0.020 ;
LQ.=0.01685
0.015 ;
0.010 ;

1 3 5 7 9§ 11 13 15 17 19

Day

O 00 NO UL b WN B

N R R R R R R RRRBR
O O oo NOULL A WN L O

287
311
222
135
188
175
142
215
272
165
155
160
224
245
103
273
294
217
210
241

10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000
10000

Failures Subgroup Failure Rate

0.0287
0.0311
0.0222
0.0135
0.0188
0.0175
0.0142
0.0215
0.0272
0.0165
0.0155

0.016
0.0224
0.0245
0.0103
0.0273
0.0294
0.0217

0.021
0.0241

INTEGRRTED =
ENTERPRISE =
EXCELLENCE =

MPRONEMENT PROJECT

EXECUTION

A Management and Black Belt Guide

for Going Beyond Lean Six Sigma

and the Balanced Scorecard

FORREST W. BREYFOGLE I

V3 C13, Exam 13-01, IEE pass-fail predictability.xlsx
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Using the Free 30,000-foot-level App

Smarter Solutions: IEE Chart Builder

dentify the Excel file with data

File input
V3 C13, Exam 13-01,1EE pass-fail predictability xlsx 0.035
£ 0.030
t
Select the chart type and options. 2 0.025
£
Choose the IEE Chart Type 1 £ 0020
®
e 50015
oot 1ot Gotumn Click on Browse and 010
Failure. Rate select an 0.005

. appropriately
formatted Excel .xlsx |-
dataset accessible

from your computer

Use Median or Mean in capability|

Stage Column Name

Column to use for I-chart X-axis (may not have repeat values)

Failure.Rate

Choose Type of Attribute

Box-Cox Lambda value

1

Failure Rate (Proportion)
30.000-foot-level Report

I-chart of data

UCL = 0.036
CL=0.021
LCL = 0.006
0.0188 0.0165 0.0103 0.0241
Days

The current process response is predictable.

ailures  Subgroup.Size

287.00 10000.00

10000.00

311.00

22200 10000.00

The estimated performance is 0.021 4

By right clicking on this slide’s image, the image
can be saved as a png file

135.00 10000.00

10000.00

186.00

175.00 10000.00

This snippet shows information from the
upper left corner of the spreadsheet

f any data values are <0, no tranform will be performed
Data Shift value The plot in the top right of this screen will appear 5 https://smartersolutions.com/free-app/
0 . . provides more than 10 video instructions
after selecting inputs for the 30,000-foot-level plot for using this app for various dataset
situations
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Failure Rate: Proportion

0.035

0.030

0.025

0.020

0.015

0.010

0.005

30,000-foot-level Report

Failure Rate (Proportion)
30,000-foot-level Report

I-chart of data

0.0188 0.0165

Days

The current process response is predictable.
The estimated performance is 0.021

If this 2.1% non-conformance
rate is unacceptable there is a
need for process improvement

0.0103

UCL = 0,036
CL = 0.021
LCL = 0.006

0.0241
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Comparing a 30,000-toot-level i

P Chart (Defective Rate)

"l /\ UQL=0.02549

porti

o A
: ™~ (@ ooess

Report to a Traditional p-chart AR

I-chart of data

0.035

=
=
o]
[}

0.025

0.020

0.015

Failure Rate: Proporticn

0.010

0.005

Failure Rate (Proportion)

0.0188

The current process response is predictable.
The estimated performance is 0.021

T

If this 2.1% non-conformance
rate is unacceptable there is a
need for process improvement

30,000-foot-level Report

0.0165

Days

0.010

s 11 13 15 17 19

1 5 7
Day

1 | Fix the special cause signals

0.0103

These two charts created

from the same dataset result
in completely different actions

UCL = 0.036

CL = 0.021

LCL = 0.006

0.0241
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Using the Free 30,000-foot-level App

https://www.smartersolutions.com/free-app

provides eleven videos on using this app

Free Business Process Management Software

This free business process management software can provide 3 prediction statement for stable output response

processes.

re spo (CLICK THIS TEXT UNI
THE SOFTWARE! cn, for ecmple, creste the 30,000-foot-leve! figures shown inthe b

T T I ol [melementing Integrated Ei

@m for appication of thiz w

LEADERSHIP
SYSTEM

2.0

2218
;;LJJ\

JoestsT o peLrTEs Al JORREST A RREPCELEN!

= metric article, vastage basefine
Figure 7.13, Positive metric artide, cemanstrating vastage reduction

297, Boense

Lead Time

nan-conformance rate

> revere ratio
issatisfaction rate {3 sfter improvements
ction Rate after improvemnents

M after improvements
Figure .21, EBITDA after improvemnents

Application: Process Management Software

One can use this high-level process mansgement software
£ neeced is that the data be in an Excel spreadsheet format. This so

attribute cata for 3 variety of situstions.

) for their business process datasets.

are can snalyze both continuous and

EPRS Metrics Tool App

Instructional App Videos

Introduction to 30.000-foot-level Reporting App

Introduction to
-foot-level

Chacae tre B6 Chart Type

¢ Reporting
App

Skt Pion Coturen

M 8 10 ORI CApIRERY Y

of Muan I capabityT

30,000-foot-level Reporting APP - Continuous Data, No Subgroup

30,000-foot-level Metric
Reporting APP:
ontinuous Data, No
Subgroups

Chzeas tha BE Chart Typs

T 0 B AT

seation

ar Maen is capabiiey?

30,000-foot-level Metric Reporting APP: Continuous Data, No
Subgroups, Process Improvernent

30,000-foot-level Metric
rting AFP: Continuous
, No Subgroups, Process
Improvement

Chacas the BE Chart Type

T e TR G

30,000-foot-level Metric Reporting APP: Continuous Data, No
Subgroups, Non-normal Distribution

30,000-foot-level Metric
rting APP: Continuous
ata, No Subgroups,

Non-normal Distribution

Chacas tte BE Chart Typs

St P B

T 0 B AT

o Maen Is capabsieyT
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https://www.smartersolutions.com/free-app

30,000-foot-level/Satellite-level reporting

30,000-foot-level/satellite-level reporting provides:

1.
2.
3.

One for chart process stability and capability reporting
Easy to understand wording

Prediction statement that encourages process improvement when a
futuristic statement is undesirable

Consistent reporting for continuous and attribute data, i.e., estimated
proportion or percentage non-conformance rate for a stable process

30,000-foot-level capability statements are easier to understand than
process capability/performance indices, i.e., Cp, Cpk, Pp, and Ppk

Process change demonstration via a staging of the individuals 30,000-
foot-level chart

Organizational consistency in reporting



Process Improvement when a
30,000-foot-level Prediction
Statement is Undesirable



30,000-foot-level reporting and Process
| m p rove m e nt 30,000 Foot-Level Metric Attribute

Key Process Response
\ Output Variable j
_____ D e il |
non-conformance ] i
— ] TR 1

Bottom-line benefit is the
translation of these

Measurement pulls for differences into money
the creation of a project

[D] [m] [A] [1] [c]

Define [ Measure —> Analyze [ |Improve [—* Control

, : Wisdom
Plan Project Baseline Lean
and Met#ics —»  Project | —»| Assessment | LE Orgg];]tiggtion The

roadmap



Clickable Lean Six Sigma DMAIC Roadmap

https://smartersolutions.com/roadmap

Project-DMAIC Roadmap

() Smarer Solutions Inc

DMaC

Measure:
Plan Project
and Metrics

EE V3 and |[EE PEG

Control

Measure:
Baseline

Wisdom of the
Organization

Clicking on “Measure: Baseline Project” provides the
methodology for creating a 30,000-foot-level report
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DMAIC Roadmap Drill Down

Progeel-DMAIC Roadmap

(&) Smanes Sokilans |ne

=
'r't::.l.'r. 36 E-SEAME POOREES
&0 o 3 lage Farsto categary.

Creste Pareto “aegoncal cefectioefective rae
chart could be viewsd 35 3
20,000-foot-lave

Mmgtric?
/ ~ J .
1 _— ’ wngatis factary
¥ . Estimate procass -—
Compile project sapability performance 38 S1E08 of S1op

baseire metrics =

a 30,000-foot-level
somtral chan

foemat.

metncs for in-coatrol
predictable peocess
using 3 30,000-foot-

evel format

Feyise ssumate for
CODMD.

procEsd 1o Rl
phase?

The described free 30,000-foot-level reporting app provides
the vehicle for executing Steps 3.2 and 3.3, which can be the
baseline metric for the process that is to be improved
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Example 30,000-foot-level chart showing
process improvement from a DMAIC Project

Scrap (Percentage)

I-chart of data

6.5
6.0
5.5
5.0
4.5
4.0

3.5

2013-03-10 2013-05-19 2013-07-28 2013-10-06 2013-12-15 2014-03-02
Week

The current process response is predictable.
The estimated performance is 4.343 %

Week Overall Wastage  Methodology \ The prediction statement reflects data

S e oatEmes from the most recent region of stability
2013-01-13 507 Old Method
2013-01-20 4.97 Old Method
2013-01-27 5.20 QOld Method
2013-02-03 510 Old Method
2013-02-10 547 QOld Method



Infrequent Incidents (e.g.,
Safety — Injury at a company)




Infrequent Safety Incidents

The number of safety incidents were tracked over time.
INTEGRATED =

 Dataset: V3 C13, Exam 13-03, IEE Infrequent Events.xIsx ENTERPRISE
EXCELLENCE =
Month No. Month No. Month No. Month No. Month No. Month No. HMPE}WEMENW PH@JEN
1 0 11 0 21 0 31 0 41 1 51 0 EXEEUH@N
2 0 12 1 22 1 32 0 42 1 52 0
3 1 13 0 23 0 33 1 43 0 53 1 A Management and Black Belt Guide
41 140 240 % 0 4 1 50 —
5 0 15 0 25 1 35 1 45 0 55 0
6 0 16 1 26 0 36 0 46 1 56 1
- 9 7 0 7 1 37 0 7 0 FORREST W. BREYFOGLE I1I
8 0 18 0 28 0 38 1 48 0
9 1 19 0 29 0 39 0 49 0
10 0 20 1 30 1 40 0 50 1




Traditional c-chart Selection

Constant
¢ Choose Opportunity
traditional is Month

control chart

Continuou

Continuous
or attribute
data?

XmR (ImR) or | Yes
individuals <« n=1 <
chart

Defects or b Constant area No

defectives? of

opportunity?

Defectives

No(e.g.,3=<n<5) Large

subgroup
size? Yes Constant sample No
size and tracking
Yes (e.g., n210) total defectives?
v v v v v v
x-bar and R x-b(z:rrI:rr:d S p chart np chart ¢ chart u chart

Let’s examine a c-chart
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Infrequent Safety Failure Incidents

e A traditional control
chart approach for this

C Chart of No. of Incidents

UCL=2.150

dataset is to create c- 20
chart o
* However, this c-chart is gw
not informative, since &
there are so many . tm0ss
months that had no 00 L0=0

1 7 13 19 25 31 37 43 49 55

safety incidents Sample




Mathematical Explanation of Benefits of 30,000-foot-
level Reporting Over Traditional Control Charting: Article

EMARTER HOME  APPROACH -~  SERVICES ~
(_ SOLLTIONS

Business Management and Process
Improvement: Forrest’s Favorite Next Generation
Topics

The following business and process imp ent links provide Forrest's favorite summary of nest

generation discussions an these topics.

Business Management and Process Improvement: Forrest's
Favorite Topics

Forrest’s favorite topics contsin articles, videos. blogs, and webinars that describe the Integrated Enterprise Excellence
{IEE) enhanced business management system and effective metric reporting which is predictive.

The following links provide convenient access to many enhanced business management and performance reporting
technigues, which Forrest Breyfogle and the Smarter Solutions’ team has found beneficial in many organizations.

Business Management Topics

Positive Metrics Poor Business Performance: How This Happen? {Article)

Positive Metrics Poor Business Performance: How Does This Happen? (Video)

Business M. it System Patent Press Releass

Patent: Syst

Reporting Enterpriss Performance and Making Process lmprovements

Stoplight Scorecards: |ssues and Resolution

ez & Resolution

Performance Reporting (KPI Repor

Strategic Planning and Execution: |ssues and Resolution

ct Selection with Whole-enterprise Benefit

c Selection, KPIs Report & Performance Measurements

‘alue Chain with Predictive Scorecards

= Lean Implementation with Business System Integration

= Business Manage System: Issues and Resolu

n

» Enhanced Business Management System: Descriptive Widsos

= Lean Six Sigma DMAIC Process Improvement

= Big Diata Integration with an Enhanced Management System

Business Measurements

= KPIM: - KPI Metric Reports that lead &

he Best Behaviors

their Reporting
ics Dashboard

it Resolves Commonplace Metric Reporting Problems

= Individuals Control Chart (XmR chart, | chart] Reporting

- X ility Plotting: Quantifying Pros erformance

= Transforming Individuals Control Chart Diata

Business Measurements

Enhanced Business Management System and Other Resources

KP1 Management: KP| Metric Reports that lead to the Best Behaviors

Quality Metrics and their Reporting

A Business Metrics Drashboard that Resolves Commonplace Metric Reporting Problems

Individuals Control Chart XmE chart, |-chart] Reporting

Probability Plotting: Quantifying Process Performance
Control Chart Issues: 30,000-foot-
¥-bar and R Control Chart: [ssues and Resolution
P-Chart- |ssies and Becoliutinn

CChart: Issues and Resolution

el Chart Resolution

Farisit

.

Process Capability Cp, Cpk, Pp, Ppk Issues and Resolution

Performance Reporting |ssues: 30,000-foot-level Resolution

Sin Sigma Forum Magazine 2014 article: "30,000-Foot-Level Performance Metric Reporting”

30,000-foot-level Reports with Predictive Measurements

30,000-foot-level Chart Quantifies Process Improvement

30,000-foot-level Performance Reporting Applications

30,000-foot-level Charting: One Sample per Subgroup

30,000-foot-level Charting: Multiple Samples in Subgroup
S0,000-foot-level Charting: Attribute Pass/Fail Data

30,000-foot-lewvel Charting: |nfrequent Failures
30,000-foot-lewvel Charting: Mon-normal Crata

Acceptable Quality Level (AQL): Issues and Resolution

Laney P Chart vs. a 20,000-foot-level Report
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Mathematical Explanation of Benefits of 30,000-
foot-level Reporting Over Traditional Control
Charting: Article

¥ € Issues and Resclution to C Cha: X +

« c 25 smartersolutions.com/resources/c-chart-issues-and-resolution/
oo
oo
o/ +1(512)918-0280 info@smartersolutions.com

~ - -
(m TER HOME ~ APPROACH +  SERVI
SOLUTIONS

Issues and Resolution to C Chart Formula
Problems

Amajor issue with the ¢ chart formulais that if a process has between subgroup variability that is common cause false
special cause signals can often occur. This is an important concept that everyone who uses a c chart understand. A
30,000-foot:

statement (in one chart).

el metric tracking approach not only gets around this problem but also provides a process capability

The described ¢ chart formula issues and resolution to those deficiencies provide an enhanced measurement reporting
and improvement system for organizations. c-charts are used in quality control to identify when special-cause or out-of-
control conditions occur in time-series count data so that timely corrective actions can be taken to resolve problems.
Sometimes data from a c-chart are also used to describe process capability.

However, there are issues in how c-charts are often created and applied. Related process-capability statements can
have issues, too.

The application shortcoming of c-charts will be described in this article along with an alternative 30,000-foot-level
charting methodology that not only addresses these issues but provides an enhancement to the techniques. The
described methodology not only improves the accuracy of common-cause and special-cause statements but also

provides a better and more easily understandable process-capability or process-performance statement that is

S st i speialcaume snd common-cause ity concest desribedi Scroll down to see an illustration

This article will build on the Sh
Control Charting Issues: 30,000-foot-level Chart Resolution as it relates to attribute count data that occur in subgroups.

Traditional Control Charting Example to lllustrate C Chart an d m ath em atlca I eXp I d nath n

Formula Problems

Forrest W. Breyfogle I11.

The examination of time-series data should lead to the most appropriste action or non-action to occur; however, a




Mathematical Explanation of Benefits of 30,000-

foot-level Reporting Over Traditional Control

Charting: Article

* For a c-chart, the equation
indicates that sampling
standard deviation originates
from within subgroup

* For the 30,000-foot-level
charts, the MR-bar (moving

This data could be the number of safety or health incidents that occurs in an insurance company, hospital, or one-shift
manufacturing facility during a period of time; i.e., month. In the following analyses, focus will be given initially to the
assessment of process stability and then, if stable, a process-capability or process-performance statement could be
made.

Traditionally count (c) occurrence data are tracked over time using a ¢ chart to detect special cause occurrences. The

lower control limit (LCL) and upper control limit (UCL) for this Shewhart? control charting strategy are determined

relationships:

LCL =¢-3./7
From these equations, the LCL an i foounts () and subgroup size (n).
Whenewver a measurement is beyond the LCL or UCL on a control chart, the process is said to be out of control. Out-of-
control conditions are special-cause conditions, which can trigger causal problem investigations. From these
relationships, it can be noted that variability between subgroups has no impact on the upper or lower control limit
calculations.

Cortho -~rhaort afthic dats whichic chounm in Cignira 1 nma el inuactiooiinme wernld hovrg hogn initioftod horoiica thaorg

range) indicates sampling

standard deviation originates
from between subgroups

| will now demonstrate the
output of our free app to
create this 30,000-foot-level
report.

individuals (X) chart tracks an individual value over time where the chart's control chart limits consider between-
subgrotpaariability. When adjacent subgroups are used to determine average moving range (J#R), the X chart has a LCL

and UCL of:

LCL =x-266(MR) UCL =x+266(MR)

Unlike with a c-chart, the contr for an individuals or X chart are a function of £ Te moving range bebween

adjacent subgroups. The importance of capturing between-subgroup variability when calculating statistical process

control chart upper and lower control limits was discussed in Control Chart Issues: 30,000-foot-level Chart Resolution

The X chart is not robust to non-normal data; therefore, for some situations, data need to be transformed when creating

the control chart. One example of a non-normal condition is when there is or tends to be a natural boundary condition.
For this situation, a control chart with no data transformation can cause false signals where common-cause variability
appears as to be special cause.

The process from which the Table 1 data originated has infrequent failures. Instead of the above format, consider now
that the times between failures were recorded and presented in the format shown in Table 2. Note: this is not descrtbing

a different situation but an alternative approach for recording failure data.
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30,000-foot-level Approach for Tracking
Infrequent Safety Incidents

¢ Instead Of repOrting the number Failure Number Days Since Last Failure
o 2 73
of failures per month, report the s
time between failures

126
96
117
128
74
9 71

0 N O U bW

* Track the “Days since last failure”

as a continuous response 0 =
* A 30,000-foot-level report of this 12 o
reformatted data is shown on the 14 B4

15 89
next slide 16 34
17 50
18 60
19 112
20 105
21 98



Example 13.3: 30-foot-level Report
Infrequent Events

Time Between Incidents

of time-series data Normal Probability Plot

120

100

Days

a0

&0

40

20

T 1',1?.58 /
B0 100 120 140
Days since Last Failure

An estimated failure rate is 1/84 = 0.012 failures per day ‘

5 10 15

Incident sequence

The current process respegse is predictable.
The estimated mean ith an 80% frequency of occurrence between 50.42 and 117.58




Example 13.3: 30,000-foot-level Report
Infrequent Incidents

Time Between Incidents

of time-series data Normal Probability Plot

120 L =
5] - o
# = Y
100 AR P
4 = ] P—
o 80 s R ——
=2 P
&0 s/~ E o =
A
m N -
40 -
o
20 ey 1 50.42 . 117.58 .
3 10 15 20 40 60 B0 100 120 140

Incident sequence Days since Last Failure

The current process response is predictable.
The estimated mean is 84 with an 80% frequency of occurrence between 50.42 and 117.58



Days

140

120

100

g0

a0

40

20

Example 13.3: 30,000-foot-level Report

Infrequent Incidents

Time Between Incidents

I-chart of time-series data

UCL = 145

99.9

20 50 BD 9

Probability in %

5

1

0.1

5 10 15 20

Incident sequence

The current process response is predictable.
The estimated mean is 84 with an 80% frequency of occurrence between 50.42 and 117.58

Normal Probability Plot

| 50.42| : l.ll?.SB
80 100 120 140

Days since Last Failure




Days

Example 13.3: 30,000-foot-level Report
Infrequent Incidents

Time Between Incidents

I-chart of time-series data Normal Probability Plot

UCL = 145 =
140 T a
& _.--""--.-.--
120 2 b -
100 z 21 "
=82 = o P
20 = = 31 i
E i~
2 o -
&0 s ~E o =
A
T
40 -
20 LCL = 23 —
= 50.:12' : l.ll?.SB :
5 10 15 20 20 40 60 B0 100 120 140
Incident sequence Days since Last Failure

The current process response is predictable.
The estimated mean is 84 with an 80% frequency of occurrence between 50.42 and 117.58 Process improvement efforts were ta ken to
3

increase the time between safety incidents

An estimated failure rate is 1/84 = 0.012 failures per day




Example 13.3: 30,000-foot-level Report
Infrequent Incidents (Process Improvement impact)

1 Staging of the individuals chart shows
statistically that there was an improvement |Days Between Incident
I-chart of time-series data Normal Probability Plot
140 2
120 b
100 = | _
5 Z o _ -
o g0 z ] _a -
&0 E S B -
40 - i
20 S 1110579 . .
5 10 15 20 25 106 108 110 112 114 116 118 120
Incident Days.between.Failures
e current process response is predictable.
The estimated mean is 113.33 with an 80% frequency of occurrence between 105.79 and 120
2 | The bottom-of-the-report statement reports the estimated new level of performance 46




Days

140

120

100

g0

&0

40

20

Example 13.3: 30,000-foot-level Report
Infrequent Incidents (Comparison of i

reports)

I-chart of time-series data

5 10 15

Incident

The current process response is predictable.

The estimated mean is 113.33 with an 80% frequency of occurrence between 105.79 and 120.88

Days Between Incident

UCL =134
CL=113
LCL =93

20 25

Probability in %

99.9

20 50 B0 95

3

1

0.1

C Chart of No. of Incidents
UCL=2.150

5

3

2 10

£

&

051

C=0357
0.0 LCL=0
1 7 13 19 25 31 37 43 49 55
Samplke
Normal Probability Plot
.
:\ — |
] ——
-1 E—— - o
L —
=
11 105.79 : : 1
106 108 110 112 114 116 118 120

Days.between.Failures

Unlike 30,000-foot-level tracking, it would have been
very difficult to see any process improvements with a
c-chart tracking approach
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Additional Information



Related Articles, Books, and Videos

e “KPI Management: KPl Metric Reports that lead to the Best Behaviors”
https://smartersolutions.com/kpi-management-kpi-metric-reports-that-lead-to-the-best-
behaviors.html/

* “Control Charting Techniques Integration with Process Capability and Enhanced KPI Reports”
https://smartersolutions.com/control-charting-technigues-integration-with-process-capability-
and-enhanced-kpi-reports.html/

INTEGRATED =
ENTERPRISE =
EXCELLENCE =

IMPROVEMENT PROJECT

E
EXECUTION

FORREST W. BREYFOGLE III

https://www.amazon.com/Lean-Six-Sigma-
https://www.amazon.com/dp/1934454168/ Solutions-Improvement/dp/0982923171/


https://smartersolutions.com/kpi-management-kpi-metric-reports-that-lead-to-the-best-behaviors.html/
https://smartersolutions.com/kpi-management-kpi-metric-reports-that-lead-to-the-best-behaviors.html/
https://smartersolutions.com/control-charting-techniques-integration-with-process-capability-and-enhanced-kpi-reports.html/
https://smartersolutions.com/control-charting-techniques-integration-with-process-capability-and-enhanced-kpi-reports.html/

Integrated Enterprise Excellence (IEE) System

1. Your Organization
Validate Mission, Vision, and organizational purpose

2. Document Current State and Performance

The Value Chain with current business metrics (Satellite and 30,000-foot)

9. Maintain Gains 3. Assess Performance 4. Set Financial .
, Goals The IEE 9-step system provides a
Implement sustaining controls Performance Metrics & Capabilities ] ) )
Repeat Assessment to identify Enterprise Opportunities & Constraints Establish “Smart” Goals. vehicle for organ izational
the next improvement Specific, Measurable, management that can have
IEE ASHEELIE [Tl automatic updated 30,000-foot-
Time-based .
8. Assess Impact to Integrated o level metrics throughout the
Enterprise Goals . Goal Driven .
P Business Strategies business
Using I?mject Metnf:s tally System - .
project completion Highlight, Modify or Create New
accomplishments Strategies
7. Execute improvements 6. Identify Improvement Areas
Select and Assign well scoped Projects High-potential areas & related Scorecard/Dashboard metrics
Use Champion & Team resources to maintain a Using Value chain goals - align with current business needs.
Timely Completion




Wrap Up



Q&A

MANAGEMENT| LEADERSHIP

system and its application, contact

2 0 For questions about the IEE business management
| ]
a

ad

Fy ¥
az2a@
daaaal

FORREST W. BREYFOGLE 111 FORREST W. BREYFOGLE Il

These novel-books are available in paperback, e-book, and audio
book formats from Amazon and other book retailers.

Forrest Breyfogle
forrest@smartersolutions.com

+1.512.695.4424 (m)

demonstration session.

| have a passion for showing people how to apply and benefit from our free 30,000-foot-level app for
THEIR dataset. Let me know some good times for you to have a % hour free Zoom application

There is a “schedule a video session” with me link near the bottom of https://smartersolutions.com/

For a copy of this PowerPoint presentation (and a recording of this
webinar), send your request to forrest@smartersolutions.com

SMA RT;T{\
T Copyright © All rights reserved. Smarter Solutions, Inc.

| respond to my e-mails. If | you did not see an e-mail
response from me, check your spam filter. Also, call
me to resolve any email problem.
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