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How to Use the3M Six Sigma DMAIC Guide Book

How do | make use of this3M Six Sigma DMAIC Guide BooR
The3M Six Sigma DMAIC Guide Bodilas been designed for your use during class aadefsrence
tool while working on your projects.

How is the3M Six Sigma DMAIC Guide Boolarranged?

Arranged around the DMAIC roadmap, tBlé Six Sigma DMAIC Guide Bodblas a separate section for
each of the DMAIC phases. The appropriate to@shaghlighted within the sections. A Table of
Contents is located at the front of the book talguiou to specific pages.

What are key areas in the3M Six Sigma DMAIC Guide BooR
The3M Six Sigma DMAIC Guide Boabntains the following areas within each of thelto

StepsandRoadmapshighlight the steps needed to complete a tool.
Hints arerecommendations on how to effectively use the tool.

Pitfalls are cautionary notes on potential difficulties @nablems that can be encountered using
the tool.

Checklistsare questionto review to ensure the key items have been covartée tool and/or
DMAIC phase.

Lessons Learneds the area where you can make your own notes.

The Appendixcontains a listing of frequently used terms anditazhal tools and resources to
help with DMAIC projects.

How can | order more copies or see an electronic py of the 3M Six Sigma DMAIC Guide BooR

To order more copies (or to view an electronic iagrsof the Six Sigma DMAIC Guidebook, go to the
Lean Six Sigma Work Center on 3M Source and loaleuhean Six Sigma Services > Learning
Resources > Methodologies > DMAIC (Six Sigma).

What Resources Are Available to You?

Multiple resources exist to help you on your projgaternal 3M use only). They include:

* Your Black Belt and Master Black Belt

* Your Division Coach and Green Belt Coach

» Lean Six Sigma Black Belt Coaches (3M Lean Six Sigdperations Department)
* 3M Lean Six Sigma Hotline: (651) 736-7446

» eMail 3M Lean Six Sigma Hotline: LeanSixSigmaOpierss

* 3M Lean Six Sigma Work Center:
http://3msource.mmm.com/wps/myportal/3M/en_US/L&ir_Sigma/Work Center_Home/

* Minitab and BP Chart (search for Minitab or BPChart ool Selector):
http://3msource.mmm.com/wps/myportal/3M/en US/L&&ir Sigma/Work Tools/SoftwareTools

e Minitab support: http://www.minitab.com

* Global Project System (GPS): http://intra3.mmm.agoalprojectsystem(GPS Helpline = (651)
575-6042) ; email = GPSHelpline

* Other: www.isixsigma.com, mathworld.wolfram.comyw.statsoft.com/textbook/stathome.html

© 3M 2004-2005 All rights reserved. Further reproduetion, in whole or in part, is prohibited
without the permission of 3M.
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|. DMAIC Process Overview

DMAIC Purpose:
* Identify, quantify and eliminate sources of vanati
* Improve and sustain performance with well execetaurol plans

e Growth!

DMAIC Goals:

» Breakthroughs achieved in customer satisfactiamytr, cost (productivity), and cash (working
capital)

A. DMAIC Methodology

Six Sigma is a process improvement and businestggyr that is built on 3M’s history of continuous
improvement. The DMAIC methodology is a five phaggroach to improving existing processes. The
five phases are: &ine, Measure, Aalyze, mprove, @ntrol.

Define: What is happening now?

Purpose:Develop a fully defined project by defining amitlerstanding the process to improve and
developing a clear statement of the team’s godls iE documented in the form of a project charter,
which answers these and other questions:

*  “What is theproces®” — series of steps and activities

* “What is thescopeof this Project?” — boundaries; what is included axcluded

» “How is the project linked to thieusiness winning strategie®’ — linkage to the business needs

*  “What is the procesdefect?” — problems; how the process fails to meet custameds

* “What iscausingthe pain?”

* “What will be measuredand how?” — once we make improvements, what wiliheasured to

demonstrate the problems are improved

Measure: What is the root cause of the defects?

Purpose:Define the current proceasd establish metrics-ocus the improvement effort by gathering
information on the current situation.
1. Map the process, identifying the inputs (X’'s) andpats (Y’'s) of each step.
2. Utilize a Cause & Effects Matrix (C&E) to rate inpyX’s) against the key project outputs (Y’s)
3. Complete a Measurement System Analysis (MSA) terdahe whether the measurement system
for the Project Y data is “good enough.”
4. Gather data to establish baseline performanceegbithcess (project Y data).

Analyze: How can | use data to understand the roatause?

Purpose:Learn about the relationships between the inf(i and outputs (Y’s) and identify potential
sources of process variability. Reduce the nurabarputs (X’s) to an important few and verify thigth
data.
1. Examine the root cause of the important inputs X@m the Cause & Effects (C&E) matrix
with the Failure Modes & Effects Analysis (FMEA).
2. Gather Multi-Vari data on the process (using susyéystorical data or process observation).
3. Use graphs and statistical analysis to confirmegat the Critical Inputs (X’s) identified in the
Cause & Effects Matrix (C&E) and Failure Modes &¢tfts Analysis (FMEA).

Improve: What improvements can we put into placea eliminate the root cause?

Purpose:Verify the critical inputs (X's) and/or propossdiutions.
Identify and test possible improvements to veliifg effect of each of the suspected inputs (X’dpor
verify the efficacy of a proposed solution.

Page 8 © 3M 2004,2005 All rights reserved. — DMAR Sigma Guide - v2-71.doc Rev 2.71
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Control: What controls will ensure the root causdas permanently resolved?

Purpose:Develop a plan to control the critical inputs §Xand monitor the process performance.
Develop procedures and/or implement data monitdoregandardize any changes to the process and to
ensure the process continues to perform at theedesivel. Maintain the gains!

Key Terms:

* Y’s — Outputs of Process (Noun)

0 Process outputariables or customeequirements

0 Associated with process performance/defeetisures

o Examples: % Lines-on-Time, % Deductions, % SajeStore, Number rolls produced on line
e X's —Inputs to Process (Noun)

0 Process inputariables

0 Associated with the sources of variation

o Examples: Marketing programs, shelf placementrofipct, type of product, chemical mixture,

manufacturing line

Yy = (X, X0, X )

Rev 2.71 © 3M 2004,2005 All rights reserved. — DNMIASix Sigma Guide - v2-71.doc Page 9
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B. DMAIC Roadmap & Project Tracking Charts

The following charts show the flow and connectivafythe DMAIC tools.

The Roadmap

Define Measure Analyze Improve Control
; ; Several
Generate, identify, Proven Control
and reduce the Xs ':::;: : ;I: Critical Xs the Xs

Project Charter :
Variation in the Y;

Study the Y

Project Tracking

Project
Charter

Entered in GPS Replication/SuperY
With Active Status Search

Define

Measure

Analyze

Improve

Control

rrrrrrrrrrrr

Control

e
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C. Roles and Responsibilities
Champion

» Sets and maintains broad goals for improvemeneptsjn area of responsibility

» Owns the hopper process and their portion of tleniegs Y tree and charters projects

» Coaches and approves changes, if needed, in dinemtiscope of a project

* Finds (and negotiates) resources for projects

* Represents the team to the Leadership group awessas its advocate (able to discuss current status
of the projects they champion)

» Helps smooth out issues and overlaps that arisecleatteams or with people outside the team

»  Works with Process Owners to ensure a smooth haatltife conclusion of the project (ensures that
control plan is effective in improving Y)

* Responsible for functional project hopper

* Regular reviews with Process Owner on key proagasts and outputs

* Uses DMAIC tools in everyday problem solving

* Responsible for team recognition

Process Owner

» Maximizes high level process performance
» Launches and sponsors improvement efforts (filijgpeo with ideas and writes charters)
» Tracks financial benefit of project (during the h@nth tracking period)
* Understands key process inputs and outputs andréiaiionship to other processes
» Key driver to achieve Six Sigma levels of qual@fficiency and flexibility for this process
» Uses DMAIC tools in everyday problem solving
» Participates on GB/BB teams
0 Helps create/maintain control plan documentatiahassigns responsibility for on-going use
of control plan
0 Helps train process team in use of control plan
0 Measures and monitors (SPC) “Critical X's” and airst effectiveness of control plan

Team Member

» Participates with project leader (GB or BB)

» Provides expertise on the process being addressed
» Performs action items and tasks as identified

» Uses DMAIC tools in everyday problem solving

* Subject matter expert (SME)

Green Belt (GB)

» Leads and/or participates on Six Sigma project seam
» Identifies project opportunities within their orgzation
* Know and applies Six Sigma methodologies and tapjsopriately

Rev 2.71 © 3M 2004,2005 All rights reserved. — DNMIASix Sigma Guide - v2-71.doc Page 11
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Black Belt (BB)

Proficient in Six Sigma tools and their application

Leads/supports high impact projects to bottom fliletime

Directly supports MBB’s culture change activitiesemmunicates Six Sigma methodology and tools
Shares best practices

Mentors and coaches Green Belts to optimize funttgpof Six Sigma teams operating in
organization

Facilitates, communicates, and teaches

Looks for applicability of tools and methods toas®utside of current focus

Supports Process Owners and Champions in hoppeegses (as assigned)

Master Black Belt (MBB)

Owns Six Sigma deployment plan and project resaittheir organization

Ensures rigor in Six Sigma execution

Responsible for BB certification

Owns the Six Sigma project hopper and processeabldarrganization

Supervisor for DMAIC BB’s; may be supervisor for 8§ BB's

Influences General Manager / Managing Director @hdmpions to support organizational
engagement

Leads culture change — communicates Six Sigma rdetbgy and tools

Leverages best practices

Supports Champions in managing project hoppersgejdct prioritization; Checks projects for
alignment with division / subsidiary / staff goals

Ensures that project progress check, gate reviesvclsing processes meet corporate requirements
and meet division needs

Develops BB talent and builds organizational caggtthrough BB’s and GB'’s

Supports timely Six Sigma project completion

Communicates, teaches, and coaches

Coach

Some businesses have coaches who support the @Bis their divisions. Other businesses use
only the Six Sigma Operation coaches who primaigch the BB'’s.

Trains Green Belts with help from BBs and MBB

Coaches BBs and GBs in proper use of tools foreptguccess

Is a consulting resource for project teams

Finance

Establishes common measures of project success

Signs off on calculation of project estimates agslits

Confirms the Project Y objective as defined byB&eis appropriate and will result in “hard” savings
Provides ideas into the project hopper

Works with MBB, Champions, Managing Director / GeldManager to quantify projects

Identifies risks and opportunities associated yithjects
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Il. Define

Define Phase Purpose:
» Define and understand the process to be improvedaadevelop a clear statement of the team'’s goal
» To develop a fully defined project with a workinigacter

Define Phase Goals:

* Project selection driven through business stradegl/business critical Y's
* Voice of customer incorporated into metrics

* Project objectives clearly defined

* Project appropriately scoped

A. Project Charter

The Roadmap
PrOIeCt Charter Purpose Define | Measure | Analyze | Improve | Control
* Initiate a Six Sigma project with clear definitioh \:::‘::;:;r:;:;g e | mn. |
scope and project variables \

» Clarify what is expected of the team
» Keep the team focused
» Keep the team aligned with organizational priositie

Project Charter Goals:
» Clearly defined project objectives

Questions Used To ldentify Good Projects

* What is the most important thing(s) on which | amrking? Where is the pain? (Project created by
GB)

* Which of these things are critical to our businedsieving our strategic goals? (Project created by
GB or project assigned to GB)

* What aspect, if changed, would allow me to compheyewvork in less time, with a better result, and
make my life easier?

* What process contains this defect? Is the pratsdfdefective?

Project Evaluation Tool

Compare the project process to the chart belove fiitther to the right the process matches, theemor
difficult the project could be and the more helfi ¥ needed from the BB and/or coach.

Assess the State of the Process

Existing Undocumented  Un-Disciplined Multiple New
Process Processes Process
1 2 3 4
Process is Process exists Exists, may or  Multiple Process so
obvious, clearly  butis may not be processes in  broken or does
defined and undocumented  documented,  place and used, not exist,
followed andforunclear  but not adhered each tryingto  current activity
to accomplish doesn't mest
Spend lots of time in Measure Phase the same task  our needs,
no output
exists

Spend lots of time in
Analyze/lmprove Phases
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Key Elements of a Project Charter

1. Project Y — What is the key measure the project is focusdd o
a. Most important section of the chartekust be measurable (physical output of process)!
b. Key process output that will address the defectianiove the Business Critical Y
c. Helps define projectcope
d. Used in virtually every Six Sigma tool in DMAIC press
e
f.

Describe what going to accomplish in project

Include a statement of “Improve/increase/reduom baselineto goal without harming

counterbalancdy timeframé

» Baseline— Actual performance of process that is to be ovned

* Goal - 70% of the gap between entitlement and bas@imauld be a “stretch” goal)

g. Avoid dollars as project Y (rather source of saging
h. Do not write solution as project Y
i. Possible measurements and evaluation criteriadeclu

* COPQ (Cost of poor quality)— Measurement of documented costs of mistakegar, e
such as complaint costs, rework costs, waste, etc.

* Cu (Process Capability Index)- Measurement of a process variable’s short term
performance. Requires ranges to be defined (@delfieby the customer). s less than 1
indicate room for improvement. ;& greater than 1.33 indicate only limited room for
improvement. (See “Capability” section for moréimation.)

* Py (Process Performance Index)- Measurement of process variable’s long term
performance. Requires ranges to be defined (@ielieby the customer). ;% less than 1
indicate room for improvement.# greater than 1.33 indicate only limited room for
improvement. R’s greater than 1.5 fulfill Six Sigma requiremen(See “Capability”
section for more information.)

» DPU (Defect per unit)— General measurement for the number of errorsipéer “Error”
is defined as unwanted events (e.g. non-answelegghtene calls per day, etc).

* RTY (Rolled throughput yield) — Measurement of the process’s actual yield baseatie
individual process steps.

2. Project Y Entitlement — What is the best possible performance that bas becently observed or
was observed in a benchmarking study?
a. Provides a performance level for which to aim —duseestablish realistic stretch goals
b. Defines what's possible
c. Can come from:
» Best observed performance over

a “short” period of time » Performance specified by equipment manufacturer
» Observed by benchmarking » Predicted by engineering & scientific fundamentals

3. Process Defect What is the pain we are experiencing that wetwaimprove?
a. If not described correctly and focused, the prdjeatn will not be set up for success
b. Description should be clear, concise, definitivd haave measurable outputs
c. Timing should be included to drive need for complet

4. Scope/Boundaries- What are the specific limits or confines of fhieject? What is
included/excluded?
a. Defines the project’s focus and “boundaries” far tham
b. “In frame-out of frame” criteria (see Appendix)cbuas:

e Process steps included e Site/location
e Product lines e Technology
e Customer segment « Project budget
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5. Process Definition— What are the series of steps or activities whieggain or opportunity exists?
a. Written identification of the process to be imprdve
b. Helps maintain the proper focus

6. Business Critical Y— What is the opportunity as it relates to striatbgsiness goals?
a. Project should show alignment with business teaivisidn, and Corporate goal trees
b. Set by MBB in partnership with business leadersigis level goal for division, ngtroject
specific

7. Project Metrics — What do you need to measure and monitor to méterthe success of the project?
a. Primary Y —What is the main thing we want to improve? (V&milar to Project Y — could
be the same metric)
b. SecondaryY — What is something else we are interested in irpg? (Optional)
c. Counter-balancingY — What don’t we want to negatively impact while noging the
Primary Y?

Corporate Critical Y — Is the project a Cash, Cost or Growth?

Super Y — Which of the corporately defined sub-groupinguidjects is this project related to? (See
the Global Project System (GPS) website for curBager Y's.)

10. Business Impact- What is the financial impact to the company?
a. Clearly defined, mathematical (if possible) degiwip of how to calculate benefits impact
($$9)
b. Must be accepted, supported and validated by tmér@ler / Finance community
c. If not defined well in the beginning of the projegbu may struggle at the end to determine
the financial impact

Sample Sales & Marketing Metrics Sample Operational Metrics

Effectiveness Effectiveness

of Inputs

Efficiency
of Process

of Qutputs

Sales rep experience,

%Things gone right,

Rep effectiveness,

Effectiveness

of Inputs

Efficiency
of Process

Effectiveness
of Qutputs

Qui':xr Quality of proposals, | [ Conversion rate, % Penetration, Quality | ry consistency, Yield, First pass ©TQ performance,
Product line, % Sales samples Sample effectiveness, Better | yiscosity, Purity yield, RTY # Defects, Severity
Product value 1| | used appropriately 3 Customer loyalty 3 4
Market presence, # of Sales samples, Sales rep " "
Value - Value RM attributes, Cost of poor quality, Product features,
Cheaper CUSttnTer ’;foie':ls’ effesctlverl1ess, Cheaper Intellectual property, Amount of scrap or Brand image,
Sali);p::(: ae)l(m:‘t’ise‘; obkals, 4 effecatwg:ess o Supplier score waste, Rework Guarantee, Top box
|_>ales rep expertise 4 4
Information or Time in system, Face time, RM availabilit Ontima delive
Speed resources, Wait Conversion time, Cust. satisfaction, Speed . iy, Throughput, Rate, Y,
Faster . " » Faster Machine uptime, : Days late, Response
time, Proposal time Response time, oTD Cycle time s
Experience 7] 8] % Penetration g 7l
Sample Transactional Metrics
Effectiveness Efficiency Effectiveness
of Inputs of Process of OQutputs
Quality Mgmt strategic % Things gone right, # Warranty claims,
Better goals, Quality of Forecast accuracy, Severity of claims,
Bids, Expertise Billing errors # Adjustments
1
Value Market presence, Days of stock, NVA Unit sales volume,
Cheaper | Preferred supplier, activities, OT hours, Customer loyalty,
Price index Premium freight Technical support
4
o % g Time in system, P
Availability of . Customer service
Speed . bl Days beyond ’
Faster information or Days late, Response
- terms(DSO), .
resources, Wait time time
# touches
g 2
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Project Chartering Tips

» Tackle processes that are within your team'’s spbieireluence - activities/processes thiagy do
and thathey own

* Focus on activities that have pain points; thimggdrtant in your team’s day-to-day jobs. For
example - NOT: "Implement a new product trackingaase.”(one-time task), but rather: “Improve
the process by which new product team members gatitesubmit new product information”
(process needing improvement)

» Review other projectthat share your project’s Super an you replicatanother project?

* Include project goals for all measurements — indgdounterbalances if identified.

* Use In-Frame/Out-of-Frame (see Appendix) to idghtdlidate scope of process

* Use the Stakeholder Analysis (see Appendix) totiflekey players in the project and to find the
right champion.

* Review the charter with your Champion, Process @wBB, and team to ensure everyone is in
agreement.

Common Project Chartering Pitfalls

* Rushingthrough Project Charter instead of taking timeaat well

» Too large or broad of ascope Micro focused — too narrow have impact. Try to find a “bite sized”
project — one that can be accomplished in 4-6 nsonth

» Havingtoo many metrics(“boiling the ocean”) or @agueProject Y. Try to identify the key issues
to address for clear team direction.

* Process Owner or BB or Champinnssing from Project Charter

* Having asolution in mind. Do not force your desired solution foe fproblem into the charter. Be
open to all potential solutions.

» Having atask oriented rather than process improvement project. Idghbyproject should improve
an entire ongoing process rather than standingeadsra one-time task to be accomplished.

» Havingdollars in Project Y. Dollars describe the financial biénaf the project. Instead look at the
process that will be improved to gain the finanbiahefit.

* Not having ameasurableY — if you can’t measure it, you won't know if yee improved it. Work
with your coach to determine how to measure theféie you dig into the project.

Project Y Evaluation Tool

Compare the Project Y to this chart. The closerRlipject Y definition is to the top, the cleatss t
project focus. The closer the Project Y definittorthe bottom, the more work needed to creatéylar

= Project Y’s: From Ambiguous to Clear
o :E_' ‘ Improve yield on Sponge A line from 92.3% to 94% by 1/31/04 ‘
@la
‘ Improve yield on Sponge A line from 92.3% to TBD ‘
‘ Improve yield on Sponge A line from TBD to TBD ‘
‘ Improve vield on Sponge A line ‘
‘ Reduce factory cost on Sponge from 45% to 37% ‘
c | Reduce factory cost on Sponge ‘
Lo
g .,% ‘ Increase operating income of Sponge business ‘
2o
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Project Charter Quality Scorecard Tool

The scorecard below can be used to score the #trehg project charter. The efficiency of the pudj
depends on a clearly written, well thought out tdrar

Step 1: Team and team leader should review their projeatter fields against the lines in the table
below. For each key area listedte the project charter:
» Green: 3 points
* Yellow: 2 points
* Red: 1 point
Step 2:Multiply the rated score for each line times the weighddist the end of each line.
Step 3:Sum all the multiplied scores/weights.
Step 4 Compare project charter score against the guidelines.
» The higher the score, the better the charter. iMari possible score on the charter is 177. While
many charters have the potential to reach 177alhuill.
* Most good charters should be able to achieve a@swfdt45 or higher.
* Avyellow rating for each attribute would lead ts@ore of 118.
* Any charters scoring below 118, or any areas ré@ugia red (1) score should be reviewed and/or
discussed with a Black Belt, champion or coache pioject could be a candidate for Business
Process Redesign (BPR).

Scoring should be
done as a group b
GB, BB, Cghamgiufl Green - 3 Yellow - 2 Red-1 Weight
& Process Owner
; Mot clear or single process Not a process, Multiple
Process Well-defined doesnit exist yet processes; Ambiguous process 10
oot Pornd Clear definition; Stf;?temenit:)fronfl Defects unclear: ot defined:
AtoB, !
Fogect.san St IRASSRRE PANONTS Statement from A to B Unmeasureable or no 9
defects Ty meazurable; ale measurement system in place
$ NOT the primary ¥ ‘Wealk measurement system V. P
. . Medium, indirect/soft
Link to Business . . : Poor, no apparent
o Strong, directly measurable savings/cost avoidance, ) ) 9
Critical ¥ : relationship
enabling
Manageable #, Entitlement Too many Ys; Missing either Too many Ys; Missing both
Metrics defined for primnary T; primary Y entitlemnent or primary ¥ entitlernent and 8
Good courterbalance counterbalance counterbalance
s Mo scope reduction needed; Can reduce scope with Significant data analysis 8
. describes what's in and out minimal data analysis required to reduce scope
. ) . . Several important functions
All important functions Animportant function o ) o
Team s missing; team not identified 7
represented, 3-6 people missing; 7-10 people
or 11+ mermbers
Data Frequency Monthly or more frequent Cuarterly Less than Quarterly =)
Mot identified or
Process Owner In place, Part of team In place ; ; 3
inappropriate person
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Task-Oriented Projects

Some projects are more task-oriented than prooga®vement oriented.

Project Examples:
Raw material substitution, source of supply chacbange of product in customer planogram

Project Y Examples:
» Identify 3-4 “Critical to Quality (CTQ) characteristics as your key metrics; thasethe product
parameters that you don’t want to screw up.
» Project Ymight be written as “Replace with Jevhiaintaining performance on X, Y,
Z”
0 Might list dollars as secondary or counterbalanemadrics — but preference is to not include
dollars.
o Inwriting these types of Project Y's, key questiorask is “Which process are we working
on?” This will focus use of tools in a useful way.
* Examples:
0 “Replace raw material X with raw material Y, whiteaintaining current performance on
flexibility and stretch”
0 “Move product A from manufacturing site 1 to maraaing site 2, while maintaining
current performance on adhesion”

Use of Tools:
 Type 1 Decision has already been made to gardicular task andsolution (raw material, new
source of supply, etc) hdeen identified.
0 Do process map on part of manufacturing processtange will affect
= OQutputs (Y’'s) will be key product characteristittdd as your primary metrics
= Cost may be secondary Y (and benefit)
0 These projects typically haveo initial capabilities

" One fromold process and one from first effort at usireyv process/raw material
" New capability shouldnatch old processcapability
o Example:

= Know what raw material will be substituted, or a&sed source of supply has been
identified. Map the part of manufacturing processere the raw material change
will have impact.
» Type 2: Needfor a particular task has bementified, but specificsolution hasnot yet been
identified. Should be broken into two projects.
0 Identificationof replacement/new source:
» Process map/C&E will focus on the process of idgintj and screening potential
candidates.
= FMEA is a particularly good tool for this type afgpect to evaluate the candidates.
o Implementatiorof the solution once identified
= See instructions on Type 1 projects.
=  Example:

* Araw material change is needed, and the projeetindo identify what the
raw material substitution should be as well as iempént the change. In the
first project, map the process for identifying asmleening materials. Use
the FMEA to identify failures that could occur g process. Once the
project has selected the raw material(s) to subisjtstart a second project
to implement the change, while maintaining perfarogaon the CTQ's.
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Project Charter Checklist

What process is this project supposed to improve?

In measurable terms, what is the project tryingagcomplish?

Is this project worth doing?

Does it fit with the 3M objectives? Does it fitthithe business strategic goals?
Is this a customer-oriented project?

Is the scope meaningful and manageable? Is ingdihe ocean or right size? Can it be complated! i
months?

What are the specific goals? Stretch targets?

Who owns the process? Will they be involved?

What is the probability of success?

Can we get benchmark information? If so, where?

What resources are available to the team?

Who are the team members, process owner, and cbatpi

What is the specific defect within the process® d¢tear and concise?

Has this defect been worked on before and howharsetefforts being leveragedreplicated?
Has the potential financial benefit been identiféed validated?

How is Project Y currently measured?

Is the baseline established?

How was the entitlement determined?

What percentage of the entitlement gap is beinggted by this project?

What barriers to success exist?

Next Steps

After meeting with the project team to gain agrestms the project charter, begin the Process Mafewh
also beginning to understand validity and reli&pitif data and gathering baseline data on yourgmny
for initial capability.

ooooooooooooono ooooo

Lessons Learned

B. Other Tools

* What's In It For Me (WIIFM) — Benefit Analysis (8appendix)
» Force Field Analysis (See appendix)

» Stakeholder Analysis and Influence Strategy (Seeaqhix)

* RACI Matrix (See appendix)

* In-frame/Out-of-frame (See appendix)

Define Phase — Completion Checklist

Completed initial project charter

Specific and measurable project Y

Project link to business winning strategies clearigerstood
Process boundaries documented and understood
Process owner and champion defined

Potential team members and stakeholders identified

If you have a question — ASK!

OooOoOoood
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lIl.  Measure

Measure Phase Purpose:

» Define the current process
» Establish metrics

* Check quality of metrics

Measure Phase Goals:

» Document the process using a Process Map

» Identify process steps, outputs (Y’s) and inputs)X

» Develop Cause and Effects Matrix (C&E) to help itifgrthe critical inputs (X’s)
» Establish Measurement System capabilities

» Establish baseline Process Capability for outputs) (

Measure Phase Key Terms:
* Y’s — Qutputs of Process (Noun)

0 Process outputariables or customeequirements

0 Associated with process performance/defeeasures

o Examples: % Lines-on-Time, % Deductions, % SajeStore, Number rolls produced on line
* X’s —Inputs to Process (Noun)

0 Process inpurariables

0 Associated with the sources of variation

o Examples: Marketing programs, shelf placementrofipct, type of product, chemical mixture,

manufacturing line

y = (X, X0, X )
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A. Process Map

Process Map Purpose: The Roadmap

» Identify the main steps, inputs, and outputs in the Define | Measure, | Analyze, | Improve, | Control,
process being improved.

* Provide visual documentation and understanding of
the current process.

» Provide input to other tools.

» Help clarify scope for the project.

» Ensures good team understanding of the process.

Process Map Goals:
» Clear understanding of process scope
» Agreement on key process steps and process inputs

Study the Y

Steps to Create a Process Map

Useful items for process mapping Brainstorming, existing documentation, expereentowners,
operators, customers, suppliers and process olisgrva Step 1: High Level Process Map
Cake Baking Example

Step 1 — Develop High Level Process Map (50,000 foo

Ievel) What is needed What will
i H H . to complete this? this deliver?
» Identify process in simple terms- typically from process - .
definition on Project Charter ———————| Bakeacake
+  Crucial for success, but not always easy _ Thpedients Good tasting cake
+ If process not properly identified, subsequentresfavill be -Timer -Properly baked cake
wasted -Oven -Time to prepare cake
- Mixer

» Identify major inputs — typically include defects
identified on Project Charter

» ldentify major outputs — typically key metrics from Project Charter (Prima, Secondary Y, and
Counterbalance Y)

Step 2 — Identify all steps in process (5,000 folgvel) “What actionhappens?”
» Each step starts withwerb and describes activities that occur

. Input Process Output
* Most processes should be mappe@-# stepg(if more than 8, o
. . » List of ingredients
scope may be too broad or you may be getting ttaildd) e v e | [— mqﬂiremﬂmj
« Examples: " Occasion’ U 0:",“:,,3
+ Transactional examples (business processes): WAikkty |
steps, verification, rework, reprocessing _
+ Operational examples (manufacturing processes)CeBE StePS, . i uimpoions c| fomemble |~ Eaipmantsoion
inspection/test, rework, scrap points
* Include all value-added and non value-added steps |
» Hint: Start with first step and last step, then filrest of the + Ingrodionis gathored C _ _
2 —— P MI).( g:merm cake pan
Steps 2 g?u"ir?';l,,e,,"?m,e C Ingredients ven warm
Step 3 — List key outputs (Y’sy'What will the process step I
deliver?”

»  Outputs should beouns (not verbs) and describe what the process steémeliver
* Include tangible items and measures of performégce cycle time)

* Include both process and product output variables

* Output of final step should be Project Y

»  Outputs should be measurable

* Hint: Focus on outputs that relate to Project Y
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Step 4 — List and classify key inputs (X's)What is neededo complete this process step?”

Inputs .should bgouns . Sourees of Inputs
Some inputs will be outputs from previous StepSvachines Environment Methods
Make inputs quantifiable, if possible RSy
Don't forget to include the people doing the
work as inputs to the process BUTBe

Noise, other distractions Ease of data entry
Rewards / recognition Appraiser training
Cleaniiness Sufficient work time
Lighting

Room temperature
Proper equipment

Coater

Standard operating procedures

iee _ " . ® VariationinY
specific: do notist “sales rep.” Instead list the Software - _ _

1Fi H Raw Materials xperience Clarity of requirements
specific attribute(s) of the sales rep that may be /.. ey rorms Motivation Congruence of requirements
important (sales rep experience, sales rep Roreementen measres

Materials People Customer

availability, etc)

Classifyinputs as controlled (C) or uncontrolled (U) byr&mne in the process (today!)

+ Controlled (C) — Inputs that can be changed to see the effeotitputs

+ Uncontrolled (U) — Inputs that impact the outputs but are diffierlimpossible to control (may also be
controllable, just not under control currently)

Step 5 — Add process specifications for Inputs (XJs

For inputs identified as controlled and criticaldaequirements and targets if they exist.
Beginning of the control plan!

Elements of a Good Process Map

Should describe:
0 Major activities/tasks 0 Input variables (X’s)
0 Sub-processes o Output variables (Y's)
0 Process boundaries
Should be reviewed frequently and updated
Provides inputs to C&E matrix, FMEA, control plarapability, and Multi-Vari studies
Helps verify project scope
Shows where the process starts and stops for peaif& project.

Process Mapping Tips

Good maps result from carefully observing the pssce
Keep it simple, not complex (no massive wall ch&t8 steps only)
Update process map as you move through the DMAXOm@p
If at all possible, get someone else’s process tmapart
To get full perspective, mapping must involvieeam, not just one individual
Process steps should be verbs (action); Input®atmits should be nouns (things)
Use flip charts and Post-it notes (to move steparat while developing the map) or use the ubertool
(Excel-based macro developed by 3M and availabikerSix Sigma Information & Tools Database).
Map the process AS IT IS TODAY, not how the tearshes it to be
o Hint: If team identifies steps that are obviously migscapture them on a different sheet
and indicate where they should fit into the ovepaticess map

Common Process Mapping Pitfalls

Mapping the wrong process. Is this the procesSstbausing the defects listed on the charter®elf
improve this process will the defects be reduced?

Inputs too generic — if the same input is listededrly all steps, be more specific

Too many outputs — Focus on the most importantustfselated to the Project Y and the project
metrics)

Wrong outputs — Not focusing on outputs relateBrmject Y and project metrics

Wrong level of detail - Too many steps or too feeps (lose sight of big picture)

No operational definitions for inputs
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Process Map Checklist

Who helped developed the map and do they reprédsekey areas being mapped?
Does the process map reflect the current stateecdésired process?

Are all non value-added steps included?

What did you learn from the process map?

What quick hits did you find from this effort?

What process steps do the team feel can be elietimatcombined to reduce opportunities for scrap
and increase rate?

How will you measure the inputs (X’s) and outpuis]?
Are the inputs (X’s) identified as controlled/untatied?

Next Steps

Take all process steps and inputs (X's) into thasgéa& Effect (C&E) Matrix. Take only the major
outputs (Y’s from the high-level process map) ithte (C&E) Matrix. These must include the Projed Y
and counter balance Y.

o0 ooogoo

Process Map

High Level Process Map

Feeds into C&E Matrix
Inputs Bake a Qutputs N
+ Ingredients Cake » Good tasting Cake
+ Timer * Properly baked cake
¢ Ovan * Time to prepare cake
+ Mixer

Detail Process Map

e

Key Project Y’s (Primary, Secondary, Counterbalance)

Input Process Qutput ,_Aﬁ
; + List of ingredients
RECIFE card c & TlmE rEqUirEmEntS Rating of Importance to 10 a a
+ Reading glasses € | ReadRecipe . Project! Customer
§ O U + Equipment needed = | = | &
« Oven temperature
T reguirements % ; i
n
« List of ingredients c Assemble + Ingredients gathered % " g
« Mixer ¢ | Ingredients + Equipment set up 25 ol
olgs |22
) P e P Inpt Blel |28 Total
+ Ingredients gathered © ‘ _ 7 Readr:::ispse P i carrdocess np Gled |iEd ooa
« Equipment 54 Mix + Batter in cake pan Fiead Recipe Feading glass es 0
Read Recipe Deocazion o
* OVED temp?rature c Ingredients #z5 emble Ingredients | List of ingredients a
requirements Miz Ingredients Ingredients i}
¢ |Mi>< Ingredierts Equipment a
« Cake pan with batter c [Mic< Ingredients Ohen temperature requirements 1]
BadieCao Ca ith bath a
i Wanﬂ e o Bake Cake + Baked cake Bdcitace N = [
+ Time requirerments g BaieCdia Time requirements a
R BadieCade Timer o
Timer loe Cake Baie cake o
v lce Cake lzing ingredients a
« |ced cake loe Cake Decasion a
« Baked cake c _ . 3
« |cing ingredients c lce Cake + (Good tasting cake -
« Ccoasion c + Properly baked cake C&E Matrix
Lessons Learned
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SIPOC (Suppliers-Inputs-Process-Outputs-Customers)

An extension of the regular process map is caledIPOC map. The SIPOC is the same as the regular
process map with the addition of displaying whopdigs Inputs (Suppliers) and who receives Outputs
(Customers). The SIPOC shows how no organizatiomaless “stands alone.” Rather, all processes are
in some way connected to other processes in tlenaragion.

A SIPOC shows the “touch points” of the processaursiudy to other processes (or departments).
Knowing these “touch points” enables a more thohougderstanding of the issues when considering
process improvement work

* Two key uses of SIPOCs:

0 During the Define phase
= High-level (50,000 ft view) only
* To better understand the scope of a potential grajed to better identify
stakeholders in the project
0 During the Measure phase
= Same level of detail as basic process map
= To better understand who are the customers andistgpand to better understand
their requirements

Supplier Input Process Step| Output Customer

Process Step
1

|

Process Step
2

|

Process Step
3

l

Process Step
4

l

Process Step
5

|

Other Process Understanding Tools (see Black Belt €oach for details)

* Cross Functional Process Map (Swim Lane Diagram)

* Value Stream Mapping (Value-Add/Non-Value-Add Fl@hkarts)
» Affinity Diagrams

* Interrelationship Digraphs

* Fishbone Diagrams

* K-J Analysis
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B. Cause and Effects (C&E) Matrix

Cause & EffeCtS (C&E) Matrlx Purpose Define Measur:h|eARn(:::‘ema:,mprove Control
» Prioritize the inputs (X's) identified from the di¢d N R s R
process map based on their impact on the high-level \ ‘‘‘‘‘‘
project outputs (Y’s). :
* The C&E Matrix is a simplified QFD (Quality Functio \ !
Deployment) matrix to emphasize the importance of vaz::m‘:;;zw>

understanding customer requirements. il

* Provides comprehensive evaluation of all Inputsjét
once — prioritize most important variables acrog@ = e rroen et
process.

Cause & Effects (C&E) Goals:
* Inputs (X’s) prioritized

Steps to Create a C&E Matrix (General Method)

Two methods to build a C&E Matrix:
0 General Method (discussed below)
= Preferred when number of input variables is manalgda.g. less than 150)
= Examineall input variables at once
0 Focused Method (see “C&E Matrix Hints” section ifiostructions)
= Preferred whemumber of input variables becoméso large to manage effectively
= Focus omprocess stepsthen drill down on variables in the highest ptiosteps first

Step 1- List Key Project Outputs (Y’s) from High Leveldeess Map

Select the key outputs — typically the Primary ¥c&ndary
Y, and Counterbalance Y. Ideally, 3-5 outputs -fmaye

than 10! These outputs should be measurabimt: ( ey
Typically these outputs are the final outputs @ I0CESS.) | o prosess g oo <2
Place Outputs across ttap of the C&E Matrix. o —
Develop writteroperational definitions for each of the 0l |
Outputs listed to ensure equal understanding. These

definitions should be entered as comments (sesvhelo

the Excel cell, or listed on a separate workshaetdntinual
access while working on the C&E. | Ml - CEEwawm

‘ High Level Process Map ‘ Process Map
Feeds into C&E Matrix

Inputs Bake a Outputs
cients

aaaaa

Step 2 —Rate Outputs to project importance

Weight from 1-10, where 10 is "extremely importar®rimary Y should generally be 10, Secondary
Y often 6-8, Counterbalancing Y often 3-5. Eveiythelse less than Primary Y.

Be ruthless in prioritization — not every Outpud an Cause & Effect Matrix Template
be a “10” in importance. e omer QUTPUTS from
LOOk fOF balance between Y,S Process Step Process Inputs output 1 || High-Level Process Map | Total

o If several similar Y's are listed, when taken
together they may outweigh a single more
important Y

o Example: Y’'s of “cost” and “price”. Price is
defined as what is paid in $, Cost is defined a
price paid ANDperformance received from
product. If both price and cost are included on Cgfice gets double weighted.

PROCESS||
STEPS
from
Detailed
Process
Map

INPUTS from
Detailed Process Map

B ERRERRRRARRARE

Step 3 —Transfer_all InputgX's) from the Detailed Process Map

Remember to include the corresponding Process &tiipshe Inputs (X's).
Include any Input (X) operational definitions.
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Step 4 —Evaluate each Input (X) for its effect on each @Qu{fY) by reaching a team consensus

Use the following phrase as you read each Prodegdriput line of the C&E Matrix:
In the Process Step of , Wheatt &ff impact does process Ing)
have on (the first Oufpuon top of the C&E) ? What impacsdbe

have on the second Output? The third? Etc.
Use the following guide for rating each "procegauiti’ Useonly O, 1, 3, 9. Agree to project specific
(or Output specific) operational definitions beftwegin scoring. Doot ask if the X’'s and Y's
correlate. Rather ask how strong the eftédhe X is on the Y (output being discussed).

9 - If input has d@irect & strong effect on output

3 - If input has anoderate effect on output

1 - If input has aemote/slight effect on output

0 - If input haso effecton output
Team makeup is critical. Need representation fatirfunctions.
Inserting comments in Excelf team is disagreeing on the rating, enter tighédst effect of the
disagreed values in the cell. If working in Exad,a right-mouse click over the cell and choose
“Insert Comment”. Type in the reasons for the thfterent values (e.g. “felt to be a 9 because....
felt to be a 3 because...”). Then, when the dasarted, the items with discussion on them will have

a red corner in their cell. Rating of mportance s Projet
Customer ¥
Step 5 —After scoring all Inputs to Outputs, | |Preesste I e e ) e e e
Excel calculates a total score for each input | f e °
(Input score multiplied by the Output : ‘\ N
weighting factor; summed for each Input). | T P —— —

Step 6— Sort the Input rows in descending order by tetale (always save the data first) and

do “gut check”.

If desired, create a Pareto chart of the 600 Obious break n nputs
descending scores to find the natural break. To_ | /
create a Pareto chart in Excel: e
1. Ensure the data is sorted in descending ™" ]
order by “total score”. 300 4
2. Highlight the entire area of the C&E 200 |
containing the inputs, rated values, total
score and column headings. o H H H H H H H I
3. Choosdnsert > Chart > Chart Typés e D
“Column” and click “Next”. B33gEEizgigigiziziet
4. Click on “Series” tab. E— S

a. Inthe Seriedox, click on each of the series descriptions emabse “Remove” until
only the “Total Score” is left in the box.
b. Inthe Naméox, the cell containing the column name for thetal Score” should
be selected.
c. Inthe Valuedox, the range containing the “Total Score” shoblel selected.
d. Inthe Category X Axis Label®x, the range containing the “Inputs” should be
selected and click “Next”.
5. Click on “Legend” tab and click off the “Show Leg¥rbox and click “Next”.
6. Click on As New Sheetnter title for worksheet and click “Finish”.
Do a “gut check” to see if most important Inputsghave risen to the top. Ask your team: Should
the top X’'s be top X's? Are some X's missing? Winywhy not?
If the most important Inputs (X's) have migen to the top, as a team review the scoringdisaliss.
Based on the scores/Pareto chart, along with tganncheck”, determine which inputs to take
forward into the Failure Modes & Effects AnalysifMEA). Ideally, take no more than 3-7 inputs
into the FMEA.
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C&E Matrix Hints

» If the team can’t agree on a rating, check thatysres is using the same definitiofthe input;
definition may need to be made more specific. Whatoubt, use the higher rating. Remember that
0’'s and 1's won't rise to the top anyway, so lomfpalte here isn't useful.

» |If ateam member is being too vocally dominduating the scoring, hand out flash cards to each
person (0,1,3,9) so they can each hold up thenesamad be represented. Discuss differences in
values.

» Use the C&E Excel template automatically calculate the total score forrebuputs (X).

» Entire teanshould work together to build C&E Matrix. Teamkrap is critical. Obtain good
representation from many functions — including sabmatter experts (SME’s).

e Stay close to thremeasurable Outputs (Y’s) across top.

» Everylnput (X) from the Process Map is brought to t&EC

» Hidethe “total” column — this keeps people from ramko that their “pet” input is rated high.

* Rank and score representing what could happetnecessarily what has happened or what is
happening.

* When there are more than 150 Inp{Xs), follow the “Focused” method:

0 Phasel
= PlaceProject Outputs (Y’s) across top of matrix and assign importanmaes, as
usual

= Placeprocess stepgonly stepsnot Inputs) down side of matrix
= Assign scoredor correlation between process steps and outpighblas
= Calculate weightedimportance scores and rank process steps fromtdilglw
0 Phase?2
= Start a newGeneral MethodC&E matrixwith inputs from top three or four process
steps identified in Phase 1
» Cause & Effects Matrix feeds into 3 tools:
o Key Inputs are fed intEMEA
o0 Provides input teapability study
o Provides input into initial evaluation obntrol plan

Common C&E Matrix Pitfalls

» Voting & averaging scores: team discussion andeonsus is vital to understanding the process

* No operational definitions for ratings: need agmneat!

* No team discussion and consensus on rating scaéed everyone’s input!

« Too many Y’'s: use only the most important Y’s frtime charter and the high level process map

» Adding a 6 to the scoring or scoring 1-10: onlg 0sl,3,9 to create differentiation between the
Inputs (X’s)

» Scores for Y’s aren't differentiated enough (1090,

C&E Matrix Checklist

Who provided inputs to the customer requirementshis C&E Matrix?

Who determined the relationship ratings for theutsX's) and Outputs (Y’s)?
What surfaced as the top Inputs (X’s) from the O#l&trix? Do these make sense?
What actions are being taken on the top rankedt$nps)?

Are there any “quick hits” that can be assignebbteer ranking Inputs (X's)?

Do the current control plans reflect the need tmitoo these top Inputs (X's)?

ooogdoo
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Next Steps
Take the top items from the C&E matrix into theléi@ Modes and Effects Analysis (FMEA).

‘ High Level Process Map ‘

Inputs Bake

D —

a
= Ingredients | Cake

Outputs
—

= Timer
= Owen
= Mixer

= Good tasting cake
= Properly haked cake
= Time to prepare cake

Detail Process Map

Input

Recipe card
Reading glasses
OCoEsion

List of ingredients
bier

I Ingredients
= Equipment
= Cwven temperature

Process Step

Cake pan with batted
WNErm Oven
Time requiremernts

Bake Cake

Timer

.

Baked cake
lging ingredients

Ice Cake

ccasion

List of ingredients

Time requirements

Equipment needed

Oven temperature ! 5 i
Ingredierts gathered i‘ T
Equipment et up 1 i; 2;

Batter in cake pan

All Steps & Xs

Baked cake

Iced cake p

Good tasting cake I P&E Matrix I

Properly baked cake

Patanda) |a a o|r
Proca in Poiantinl Pataninl curmnt actio
g it Fallurs Mads ?“I::;'I | cum :| contmin | 7[R | Recomminee

b e [t oo bt :"m",:“"“"“ ® “ :::mn | m‘;,;:;;:&
T L (il i P T 2 LB ] vy £
o Cabs (Ot Tiniery (D45 e n P il [P Y iR

Lessons Learned

Linking Process Map and
C&E Matrix to FMEA

Key Project Ys (Primary, Secondary,

| Counterbalance)
Output .

How do failures in Xs
affect the Key Project Ys
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C. Failure Modes & Effects Analysis (FMEA)
Failure Modes & Effects Analysis (FMEA) Purpose:

The Roadmap

Measure
—

Identify ways the inputs (X’s) can fail and detenmithe
effect of the failures on the outputs (Y’s).

FMEA is a structured approach to estimate risk ciased \z::f:;:;r:::;z :
with specific failures and to prioritize actionstishould be
taken to reduce the risk. The FMEA also identifiasrent
controls.

Used to prioritizerisk to ensure process improvement
efforts are beneficial and timely (internal andezral)
Used to documerdompletion of projects (actions
completed)

Should be a dynamidocument, continually reviewed,
amended, and updated (one of the control documents)

Define Analyze Improve Control
— — — —

vvvvv

0

—— provenvarg || Mot

/

Study the Y

Failure Modes & Effects (FMEA) Goals:

Steps to Create an FMEA

Key inputs (X's) narrowed down to be taken into Aiaa phase and potentially controlled
Failure causes of key inputs (X's) identified

Prioritized list of actions to prevent Causes dedeFailure Modes

Record of Controls and actions taken

. Linking Process Map and
Deeper process understanding for the team

C&E Matrix to FMEA

Key Project Ys (Primary, Secondary,
Counterbalance)

High Level Process Map
nputs

Setup:

« Identify a good cross-functional team. Include
subject matter experts (SME’s), facilitator,
functional process participants/operators, etc.

» Bring prioritized inputs (and their process steps)
from the C&E into the FMEA. Ideally, take no
more than 3-7 inputs into the FMEA.

How do failures in Xs
affect the Key Project Ys

Prioritized Key Xs

Step 1-— |dent|fy Failure Modes How bad Is it for the FME_A How often does
. . . . . . project Y? Over\” ew the cause
» Starting with the first input, list all Failure '/| __happen?
Modes on individual lines. Process | Potential | Potential [s|_ . lof _ |D|R P
. . . e - Stepl Eallire callure = Causes Controls Recomm ended
» Failure Modes identify ways a specific input Input M°d6/_ifect9 & c TN
fails (can fail in multiple ways). The failure / = How well does ™ pick Priority
. al
could be due to a defect or because the input ( happens work today? i mBer
goes out of the customer specifications. If the [whats|| Hewdo || “goes: s
. . . d X’ Why did
failure is not detected and either corrected Or [process| g0 bacs [| 247 [ the X go 4| Whatdowe || What can |-
removed, it will cause the effect to occur. St/ | Fainre) || ) H 2247 1 prevent or m—
. “ , Iput? X (Cause) |{ counteror |
* Failure Modesanswer*How do good X's go Ly —~ identify the °
om 1N cause?
bad ! ) ] . ~_ = (Control)
Hint: Failure modes should be easy to identify. If I i
you have more than 5, you may be including causes. | [ -
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Step 2 — Determine Effects

* For the input (X), list all possible failure Effsatvithin this process step. Effects are causectby a
failing (Failure Mode). If the input fails, any all of the Effects could occur.

» Effects identify the impacts of the failure on thestomer requirements or project outputs (Y’s).
Remember to include what might happ@&e descriptiveabout what happens to the process (e.g.

production stops). Linking Failure Modes to Effects
» Effectsanswer'What happens to the Ty

process customer when the X goes bad?’| >y ede T e [_Effect1 ]
e Hint: List all the Effects for each Failure sameEfect [ Failwrefode 2} ————

(see Step5). - ——— ﬁm

» Hint: Relationship between Failure Mode and vitth 2 ifferent Effects ——t——1  Effectz |
Effect is_notalways 1-to-1 (see diagram
“Linking Failure Modes to Effects”). 2 Failure Modes | Fallure Mode 1 |

« Hint: Effects should be one step below mewEfect | Falireode2 | ——:l_—__
project Y.

Step 3: Identify Causes
For each Failure Mode, list the immedi&tause of the failure.

» Often there are several Causes for each FailureeMod

» Causesanswer!Why did the X go bad?”

e Hint: Causes cause Failure Modes, NOT Effects. Daaetl the same number of Causes as Effects. May
find it helpful to_hidethe Effectscolumn.

« Hint: Remember the scope of your project — the Windo@afsideration. Can use a little Process Map for
each Failure Mode: Causes are Inputs, Failure Mo8eocess Step, Effects are Outputs.

Mode in one cell to assist with later scoring |

Step 4: List Current Controls for Causes
* For each Cause, list Controls that are currentjyldce to prevent the Cause or Failure Mode, or
detect the Failure Mode (currently in place — nbatideally should be in place).

¢ Controls consist of audits, checklists, inspectlahgpratory testing, training, SOPs, preventive
maintenance, databases, etc. Sometimes there &entrols for a Cause or Failure Mode.

» Helps identify gaps in our current controls. Sdmes there are no controls for a Cause or Failure
Mode.

» Controls answer!TODAY, what do we have in place to prevent, countedentify the Cause
before the customer sees the Failure associatduit®it

» Hint: Controls can be listed in one cell as a systethinfjs that work together.
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Step 5: Determine Rating Scales (Neverse a 0)

For your project, customize definitions for thelesaof Severity (SEV), Occurrence (OCC), and
Detection (DET). See chart.
Severity (of Effect)—Importance of Effect on customer or process requirementsodlstrelate to
project Y's. Also consider safety and other patdmisks. (1= None to Very Minor; 10=Very
Severe)
Occurrence (of Cause)-Frequencythe Cause occurs and creates the Failure Modg. réder to
the frequency of a Failure Mode. (1=Not Likely@acur; 10=Very Likely to Occur)
Detection (capability of current Controls)— Ability of current control scheme to detect or prevent:
the Causes before creating Failure Modéhe Failure Modes before causing Effect. (1=lykel
Detect or Prevent; 10=Not Likely to Detect)
Other categoriesan be added:
o For example, one engineer added an impeocte to RPN calculation to estimate overall
impact of Failure Mode on process.
0 Another example is using two Severity columns: esigy to externatustomer; and severity
to internalcustomers and processes.
Typical rating scalés 1-10. Allows for better precision in estimatesl a wide variation in scores.
Remember: Never include a O (zero)!

Rating Severity of Effect Likelihood of Qccurrence Ability to Detect
Customer detects while
10 Lose custamer . ;
“ery high: using
g Serious impact on customer's Failure is almost inevitable Customer detects through
buginess or process (Failures every 15 minutes) inspection
g Major inconvenience to custormer High: Detection after
7 Major defect noticed by most Rgpeated failures failure before
custorners (Failures 1 per hour)
B tajor defect noticed by some custormer
customers Moderate:
5 Wajor defect noticed by Occasional failures
discriminating customers (Failures 1 per shift) Detection of cause
4 Minar defect noticed by most hefora
custamers
3 finor defect noticed by some failure occurs
customers Lawy:
3 Winor defect noticed by Relatively few failures
discriminating customers (Failures 1 per week) Prevention
1 Mo effect Remotle: Failure is unlikely of cause
(Failures 1 per month)

Step 6: Assign SEV, OCC, and DET Ratings

Assign ratings to the SEV, OCC, and DET columnsefary value by asking the following

guestions:
0 Severity. “In (Process Step), when X) fafls by
(Failure Mode), how bad is it if the customer sees (Effect)?’Note: For the

combined Effects, determine which Effect in the bamad cell is most severel'he score for
this Effect is used faoall the Effects listed for that Failure Mode.

0 Occurrence: How often does (Cause) occur?
o0 Detection Today, how good is our Control of at lokg or preventing the
Cause of before it affects themest? Note: Possible that current

control method cannot deteriuse but does detect failure mode. Exampleprewention,
10 = detect too late/no detection. (Note revecséed)

Rev 2.71 © 3M 2004 - 3M Confidential - DMAIC Siigfha Guide - v2-71.doc Page 31



3M Six Sigma DMAIC Guide Book Table of Contents Link

Step 7: Calculate RPN’s

o After all scoring is complete, fill any empty celléth the appropriate Failure Modad combined
Effect. Each Cause must have an associated Pr8tgssinput, Failure Mode and Effect cell.

» Save the worksheet and sort the entire workshettebiRPN (risk priority number) column in
descending order.

» If desired, create a Pareto Chart to see whereatwal break in the scores occurs.

* Review the results and look for insights.

» Hint: Do a “gut check” to see if the most important X&vk risen to the top. Ask your tedtfi:we
improve these top X's, will we accomplish our pcbjé?” If not, maybe the ratings given need to be
reviewed.

* Hint: Make a backup copy of the file befaerting.

* Hint: Team will often take the Failure Modes and Causesite top X's to write hypothesis
statements for Multi-Vari work. During the Multiai step data is collected to prove/disprove these
hypotheses.

Step 8: Create Action Items for “High” RPNs and Asign Responsibilities

* Only identify actions for high RPN's

» Also look at all Causes with_a Seveniting of 10 Should these also have a Recommended Action?

» Be sure to identify whevill do the actionsand the timehe actions are due. Assign specific people
(not functions or positions).

Step 9: Take Actions & Recalculate

* Indicate_actionsaken by team members and the results.

* Recalculate RPN ratings as actions are taken. f&@anew prioritized RPN’s and assign additional
action items if necessary.

R S (0] D
P [Actions Recommended Resp. Actions Taken E
N Vv T

make sure to check oven |Suzie Homemaker by |have been adding lines
temp before putting in next Tuesday to all recipes as used -
cake -add step to recipe about 50% complete

00
m
= "o o/

320 10 | 3 4 1120

investigate tamper proof |Tooltime Tommy by
140|knobs January 15th 10 | 2 7 | 140

BuFEHESE bien Tooltime Tommy by |oven thermometer

itblthermemeter=setup  |2U"® 18I e I P
_ temperature once per
calibration schedule Gl
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EMEA Tips

Complete the FMEA columns for all of the textualurons (Failure Mode, Effect, Cause, Control)
for each input first. Then, complete the numergzdumns (Severity, Occurrence, Detection). Don't
complete the “Actions recommended” column untilsaibring is completeOccasionally capture any
solution ideas that arise here, but refrain frotiirig the team brainstorm solutions at this time.

Hide Effectscolumn when listingCausesof Failure Modes This can address the pitfall of linking
Causedo Effects, instead of td-ailure Modes

Do not schedule more than 2-3 hour blocks of tiorenforking on the FMEA or the team will lose
interest.

Be sure the “detection” scores are in right ordevdrse score of other scales). Example: 1 =
prevention, 10 = detect too late.

Remember — no 0’s in numerical scales!

A cross-functional team approach is required fangletion of a successful FMEA. Use subject
matter experts to supplement team knowledge assdeefieam should have the minimum number of
appropriate people necessary to understand hoX'sHail and what impact that has on the Y's. Too
many members increases confusion and slows thegsocConsider using a facilitator or your BB.

If there is a dominant team member, written scadcaan help begin the scoring discussion so the
same person doesn’t always decide the score. Anafipeoach is to go around the room one at a
time, and start with a different person each time.

Frequently save your spreadsheet!

Some teams find it helpful to think of followingettiProcess Map”

model to complete the FMEA. This approach candesiuo Step3 Sten | ?:fe':j
complete only the Failure mode, Effect, and Cawatenans of the Cause 1 Effoct2
FMEA. The form and layout is similar to a Procktsp. (Check (ot | Fellrelodeld | Fhens
out the “FMEA Generator” Excel file in the Infornian and Tools Effect5

database to help use the “process map” model.)
Step 1 — List Failure Modes as if they were process steps. i Effect 1
Step 2 — List Effects as if they were outputs. Cause3 | FailureMode2 | Effect2
p y p Effect 3
Step 3 — List Causes of the Failure Modes as if they wepeiis. Cause d
(Might hide the Effects column when doing this sfep i SR
«  Completing the information this way helps eliminatsfusion caused causez | FailureMode3 | prori;
by the layout of the standard FMEA form. It alsdds separate
Causes from Effects. Doing this in Excel can be/\aipful because when you are done, you can cogy a
paste the columns into the FMEA worksheet.

* Inthe regular FMEA worksheet, continue with the EMform. Rank the Severity of Effects and combine
them before the Causes are listed. After thisptioeess is the same as the standard method.
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Common FMEA Pitfalls

Rushingthrough FMEA instead of taking time to do it w@ay result in Multi-Vari study being
skewed).

Using voting and averaging instead of discussiah@msensus.

No team discussion and consensus on rating saadiésrabperational definitions for ratings.
Taking too many X's into the FMEA - ideally onlyk& 3-7 inputs from C&E into FMEA.
Choosing the wrong window of consideration. Effaoted to be tied to Project Y. Failure Modes
need to have an impact on Effects.

Not digging into the real issue — being too supé&fi

Wrong people on the team: need good mix of people understand the process thoroughly.
Forgetting Project Y or forgetting who the custonser lose focus on purpose of project.
Causes listed in the Failure Mode column. If hanae than 5 Failure Modes for one X, you
probably are incorrectly listing causes.

FMEA Checklist

ooodooodo

Who helped developed the FMEA — did we involveribeessary organizations?

Which items from your C&E Matrix did you evaluatethe FMEA?

Does the FMEA reflect the current state?

Did you customize the ranking system for your prtje

What quick hits did you find from the FMEA?

Did you complete the “actions recommended” seatibthe FMEA?

Do all actions in your FMEA have responsibilitissigned and a completion date identified?
Have you updated your Control Plan with what yoawrso far?

Can you obtain data for top scoring X's? Causkaffure Modes?

Next Steps

Determine further data collection, conduct Multifi/studies, experiments or develop process
improvements. Take action on any “quick hit” impements with low or acceptable risks.

Lessons Learned
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D. Types of Data

Data can be grouped into several categories inaofudi
Discrete— (Attribute or Qualitative)

* Refers to descriptive characteristics
* Expressed in “verbal” terms and descriptions
* Can be quantified by counting frequency of occuresn
* Examples:
o Color of eyes: blue, green, brown, etc.
0 Socio-economic status: high, middle, low
o Categories: good / bad, machine 1/ machine 2
0 Steak: Rare, medium rare, medium, well done

Continuous — (Variables or Quantitative)

* Characteristics expressed in numerical form
* If you can divide by two and it makes sense itstmuous
* Examples:

o Time: 2.000, 2.1, 2.119 seconds

0 Pressure: 45, 45.8, 49.234 psi

0 Cycle time: 8, 14, 32 days

Count

* Number of errors in document, # units shipped, etc.

» Treat as discrete if occurrences are rare (emgrsein simple documents) or the range is less iffan

(e.g., all counts are between 105 and 112)

» Treat as continuous if occurrences are frequegt, (@nits shipped)

Why is the type of data important? Based on tpe tf data, the appropriate analysis tool can be

determined.
Data Description Hypothesis SN Test
Tool
B¢ Discrete X Ho: Factors
Ri| 8| a0 2 Discrete Y are A T.Ot b Chi-Square
S | 80|50 |75 independent pplicable
Continuous Y BEEBl6E
compared to Hq: p = Target PLO%; 1-Sample t
Dot Plot
target/goal
2 levels of Box plot,
Discrete X, Ho:y = Dot plot, 2-Sample t
Continuous Y Main Effects
3+ levels of Box plot,
Discrete X, Ho: my=...= Dot plot, ANOVA
Continuous Y Main Effects
Continuous X; Scatter plot
Hy: Slope =0 ) * | Regressian
Continuous Y e B Matrix plot 4
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E. Graphs

Many graphs are available to visually understaedéiture of variation. For many people “a picisre

worth a thousand words.”

» Graphs should be the primary presentation tootiéda analysis. If you can’t show the analysis
graphically, you probably don't have a good coniclns

* Graphs can help separate signal from noise.

* Behavior can be described by plotting data poinmtste input (X) or output (Y): over time, across
products, on different machines, etc.

» Some of the graphs that can be used to represedath include the following. See the Information
& Tools database for “Graphs for DMAIC” for helptiicreating and interpreting the graphs.

= Dotplots = Concentration Diagrams = Contour Plot
= Histograms » Fitted Line Plot » Pie Chart

= Box Plots = Normal Probability Plot » Bar Chart

= Scatter Plots = Pareto Diagram

= X-Y Plot = Matrix Plot

The grid below shows the graphs commonly used e®®GBelt Projects and how to create them in
Minitab. Hint: When running the test in Minitab, almost always the output (Y) in the first box and

the input (X) in the second box.

Sample Graphs | Y Data Type | X Data Type Purpose Graph Options
| Control Chart
: Study wariation of Y {Stat = Control Ghats = Variahles Chant
! Coantinuous [stability) for Individuals = Individuals or I-MR)
OVER TIME Time Series Plot
Control Chart (Graph > Time Senes Plol)
Dotplot
(Graph = Dotplot = One Y, Simplel
ﬂﬁl Continuous Stucy distribution {center, Boxplot
s I8 s o spread, shape) of ¥ (Graph = Boxplot = One Y, Simple)
X Taroet Histogram
Dotplot {Graph = Histogram > Simple or With Fit)
Dotplot
Boxplot
P é Confinuous Discrete Study distribution of ¥ {Graph > Daotplat = One Y, Wih Groups)
& BY GROUPS (X} Boxplot
{Graph = Dotplot = One Y, With Groups)
Fitted line,
¥ | Scatterplots”s Study relationship S >SScat$er;?I:)>t o
Continuous Continuous between two continuous (Graph » Scatterpiot > Simple)
variables Fitted Line Plot
(Stat = Regression = Fitted Line Plaot)
3
EIRES Identify most common Pareto Chart
Pareto occurrences (80720 rule) (Stat > Quality Toals = Pareto Chart)
=

Data analysis tasks for improvement

1. Stable— Is process stabtever time If process is not stable, identify and remowgsea of instability
(if they make the process worse).

2. Center — Is the meamwn targe? If not, identify the variables that affect thean and determine
optimal settings to achieve target value.

3. Spread- Is the variabilityacceptable with respect to the customer requir&rarproject goal? |If
not, identify the sources of the variability andréhate or reduce their influence on the process.

4. Shape— Does the data look like_a bell shaped canAge there outliefs Talk to your Black Belt or

Coach with problems!
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F. Basic Statistics

We generally want information about a populatibfowever it is often difficult to measure the entire
population. Even if we can measure the entire |adion today, we usually want to predict what will
happen in the future. We get information aboutypajons by collecting a sample of data. Statséire
characteristics of theample and they're used to estimate characteristichepopulation.

Measures of Central Tendencies

n
» Mean: Average of a set of values _ in
0 Reflects the influence of all values X =-
o Strongly influenced by extreme values

* Median: Reflects the 50% rank - the center number aftet afsnumbers has been rank ordered
o0 Does not necessarily include all values in calooteéind is “robust” to extreme scores
- In Minitab: To obtain the measures of central tendenciea fopcess in Minitab:
Stat > Basic Statistics >Graphical Summary > Vat&lSelect Y

Measures of Variability

» Range: Distance between the extreme values of a datalgg€st - Lowest)

« Variance (0% 5): Average squared deviation of each data point fioen t
mean

» Standard Deviation (g, S): Square root of the variance. Equivalent to the
average distance from the mean.

- In Minitab: To obtain the measures of variability for a pssa Minitab:
Stat > Basic Statistics >Graphical Summary > Vat&lSelect Y
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Normal Distribution

» Property 1: A normal distribution can be described completglkbowing only the Meaand
Standard Deviation.
» Property 2: The area under sections of the curve can be usestitnate the cumulative probability

of a certain “event” occurring.
—FrL e e
/ o \

< 4 |99. 3ff:|

4 3 2 4 0 1 2 3 4
» Property 3: Previous rules of probability apply even

o

~

when a set of data is not perfectly normally disttéd. Number of : Empirical —
. A Standard Theoretical Almost any

Comparison of values for theoretical (perfect) nalrm Peviations Normal distribution

distributions to empirical (real-world) distributis: +H-1G - -

If the data are normally distributed, then manyhef -5 95% 90-98%

statistical tools can be used. If the data arenoahally 30

distributed, then caution must be used with sontaef 99.7% 99-100%

statistical tools. Contact your Black Belt or coac
« In Minitab: To see if a process is hormally distributed imitéib:
Graph > Probability Plot > Single > VariableSelect Y
Results: If the data points are close to the line or cowdtbvered with a “fat pencil”, the data are
normally distributed.

Probability Plot of % Sls Inc

Normal
%9
Mean 2203
e Sthev 2843
%1 L] N 150
AD 0379
7 P-vdue 0401
% 4
&j -
=
60 4
& ol
e 40 |
g =]
20 -
10 4
5 -
1 E Y

=]
i
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Preliminary Data Analysis

» All the methods can provide insight on how to giaglty represent data.
» Data analysis should follow some basic steps:
o Practical — Always check raw data to identify abp@rmalities (errors, unexpected values).
o Graphical — Analyze data graphically to get a serfise/erall shape and time trends.
0 Analytical — Use other analysis methods to analylzg data is a certain way (e.g. t-Test,
ANOVA, Regression).
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G. Statistical Process Control (SPC)

Statistical Process Control (SPC) Purpose:

Determine the ability of the process to performaipredictable manner over time. This is
also called the stability of a process.

Common Cause & Special Cause Variation

Variation exists in every process. Once the tyjpeadation is understood, the improvement methawl ¢

be determined.
« Common Causevariation (noise) is controlledariation. This

Common Cause Variation

30

UCL=27.69

is the “random variation” present in every process. 2]

0 A process istablg predictable andin-control when  §
only common cause variation exists in the process. § | %752

o The cause of the variation may be known or unknowh. .
The amount of variation may be large or small.

o Common cause variation is produced by the process ™ L1265
itself (the way we do business). i35 7 5as 60 6ans

o If common cause dominates, make a permanent

changeto the_entirgprocess. Do ndamper with point to point variation. Insteadldfown

to isolate sources of the problem (e.g., by depamtpproduct, customer, etc.), study the sub-
processes to isolate constraints, or experimentsaalliate the results. Ask “What is
happeningthroughout the whole time span)?”

» Special Causevariation (signal) is uncontrolleghriation. This variation is caused by unique
disturbances or a series of them. These may be-éime event or a permanent process change.

0 A process i®ut-of-control, unpredictable andunstablewhen special cause variation is
occurring.

0 The cause of the variation may be known or unknoiine amount of variation may be large
or small.

0 Special cause is not always bad — some speciatsauprove the process (like increased
sales). If the cause is bad, seek ways to change kigher level process to prevent that
special cause from recurring.

o0 If special cause dominates, isolated_addresthe special root causes. Do nuike
fundamental changes to the process. Work to ggttireely data and immediately search
for cause when the control chart gives a signalk ‘AVhathappenedin that period)? Is it
likely to continue or re-occur?”

o0 Always identify/document special cause (if known)your charts with a comment.

Specialitausallasiation Special Cause Variation
201 L 2041
159 '1/\/ : UCL=14.78 154 Ea 1

Individual Value

Va

A
(N

"
1

T

7

T

Observation

T T T T T T T T
9 11 13 15 17 19 21 23 25

X=7.24

LCL=-0.30

Individual Value

T
1

T
3

T
5

T
7

T T T T T T T T u
9 11 13 15 17 19 21 23 25
Observation

UCL=10.44

X=7

LCL=3.56

Plotting the data on a control chart is the best twddentify whether the variation is due to conmu
special caused\ote: The data must be in time series orfderthe control chart to be effective.
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» Structural Variation is variation that is part of the process but lolilkes a special cause when
plotted on a control chart.
0 There ardwo forms of structural variation:
= Structure over time (e.g. seasonality)
= Structure across space (e.g., consistent diffesenetveen cross-web positions,
cavities on an injection molder, etc.). I-MR-RE&{ween /Within) is often the
proper chart for this case. This is especially trueases using web processes.
0 There ardwo ways to dealwith structural variation:
= Remove the structure if it makes sense. This reguhange to the process (e.g.
change policy to reduce end of year effects). Siomes structure is desirable (e.qg.
consistent sales increase) so no change is needed.
= Model the structure and remove its effect by usirigol like BP Chart to see trends
or seasonality. This does not reduce actual psozasation. It allows better
sensitivity to other sources of variability, impnog the chart’s effectiveness. See
your BB or coach for assistance with these. BPriGbavailable for downloading
from the 3M Six Sigma website.
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Control Charts

Control charts are useful to track process stesigiver time, to detect the presence of speciaesaand

to provide a baseline or initial capability for edpess. There are two primary uses for controltsha

» Diagnosticis used when the goal is to understand the cuprexcess. Crucial during tideasure
andAnalyze phases. Data are collected and analyzed by ireprext team members on a one-time
basis.

* Monitoring is done when the goal is to maintgirocess stability. Crucial during t@®ntrol phase
to ensure the improvements remain in place. Da&taisually collected by operations personnel or
computers on an on-going basiNote: Processes should be well-diagnosed before nrorgtthem
with control charts.

Control Limits

The control limits on a control chart are based on The Basic Control Chart

statistical theory. They represent the limits afnenon Key Components
cause variation. They represent a “yardstick” for

judging the process stability. If the data areneein the /\/\ /\

control limits in a random pattern, the process is A A Center Line
considered stable. YN\

» Approximately 99-100% of the data should fall Plotted Data

between the upper and lower control limits.

* Hint: The Control Chartises a “forced” normal |
distribution standard deviation on the data eveh if — -
is not. If the data is normal, the standard dewiat ~ UCL = Upper Control Limit = Center Line + 3o

LCL = Lower Control Limit = Center Line - 3o
used to calculate the'U_CL and LCL match the Center Line = Mean (average)
regular standard deviation.

» Hint: Control charts that use subgroups (averagenZooe samples — X-bar R) are almost always
normal. This is one of the great “powers” of cohtisarts.

Control limits and specification limits (from custer) are completely unrelated!

* Control limits are based on process variation (@aitthe proce3sand donot necessarily reflect
voice of the customer

» Control charts answer only one question: “Is ttecpss stable?” (Not: “Is the process meeting
customer needs or management goals?”)

» A stable, in-control process does not guaranteepaable results. An unstable, out-of-control
process may (temporarily) produce acceptable esttery process has inherent level of variation,
and itdoes not know the goal#. the process cannot meet its goal, we must chidmgerocess or
change the goal.

e Hint: Drawing goal lines on a control chart destrdys émphasis — do not draw goal lines on a
control chart! Too easy to react to every poiat thoesn’t meet the goal as if it were a speciasea

LCL

DATA PLOTTED OVER TIME
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Two Ways to Create Control Charts (Minitab or BPChart)

» Control charts can be created with either MinitaBBChart. BPChart is an Excel-based macro tool
created at 3M in the 1990s for plotting I-MR chartslata from business processes. (BP Chart is
available on the Six Sigma DMAIC website under taaire tools”.)

* Advantages of BPChart include:

0 Ease of use — most people know Excel
o0 Layouts — Multiple charts on one page
0 Incorporates time-based structure (trends, seasonality)

« Limitation of BPChart — Specialty package — cawtaiher graphs or analyses.
» Some Six Sigma projects require analysis that bfihjtab can do. For monitoring a process

(standard I-MR) when project is done, either sofew@ackage can make standard control charts.
o0 To incorporate trends and/or seasonality, use BPChart
o For other charts and analyses, use Minitab

Types of Control Charts (and When to Use Them)

Multiple control charts exist and which one is ne@depends on the type of data being analyzed. The
typical control chart used on Green Belt projestthe Individuals-Moving Range (I-MR) chart.
Remember: The datamust be time orderto use control charts!

Variables (Continuous) Control Chart: Used when the output (Y) data is continuous.

* Individual and Moving Range (I-MR) Chart — Control chart for data that are collected for
individual observations. Typically used when measwents are continuous output that is
homogenous** I-MR is the most commonly used control chart.**

o Individualschart plots every individual point in time ordekssesses stability of process
average.

0 Moving Rangechart plots the difference between consecutivemsions. Assesses
stability of process variation — shows short-teamability.
In Minitab: To see if a process is in control:
Stat > Control Charts > Variables Charts for Indilkials > I-MR > Variableis “Y” (Optional: |-MR
Options> Stages > Define Stagés“X”)
Results: If the data points are within the red control lisnéind a random pattern around the
green average line, the process is in contfoprocess is considered out of control if a point
exceeds a control limit. This will suffice for éeting special causes in most cases. Minitab
offers additional rules to increase the chart’ssiifity to special causes. See your Black
Belt or Six Sigma Coach if you think you need te tisese rules.

I-MR Chart of Sales

30

UCL=27.69
20

X=7.52

Individual Value

LCL=-12.65

T T T T T T T T T T T T T
1 B 5 7 9 11 13 15 17 19 21 23 25
Observation

244 UCL=24.78

Moving Range
~

0 A LCL=0
T T T T T T T T T T T T T
1 3 5 7 9 11 13 15 17 19 21 23 25
Observation
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X-Bar R — Control chart for data that are collected in sobgs (where time between groups is
longer than time within groups — e.g. 3 sampleshpeir).
o0 X-barchart plots the average of the subgroup. Evatuadesistency of process average.
= Hint: All samples in a subgroup must be representafiviee process
independently. If this is not true the variati@presented on the chart will over or
under estimate the true process variation.
o0 R-chartplots the range of the subgroup. Evaluates ctamgig of process variation.
o In Minitab: To see if a process is in control:
Stat > Control Charts > Variables Charts for Subgps > Xbar-R > All observations for a chart are
in one column Select Y, Subgroup sizédster size of subgroup or select from list
Results: If the data points are within the red control lisnéind a random pattern around the
green average line, the process is in control.

Xbar-R Chart of Pressure Drop
0.45- UCL=0.4487
c 0.404
©
Q =
= X=0.3631
9 (.35
[-%
£
©
“ 0.30-]
LCL=0.2775
1
0.25- T T T T T T T T T
1 4 7 10 13 16 19 22 25 28
Sample
UCL=0.2154
0.20
&
2 0,15
T
o
9 0.10 _
o R=0.0837
£
& 0.05
0.00 LCL=0
T T T T T T T T T T
1 4 7 10 13 16 19 22 25 28
Sample
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» 3 Chart — Control chart fomwhen variation within a subgroup (R charts) does not jotdzetween-
subgroup variation
o Many 3M processes exhibit variation over time (juatb-jumbo, shot-to-shot, batch, etc.)
when “logical” subgrouping would be across spacegsweb, cavity, reactor)
o Control limits for Individual chart need to inclugéthin- AND between-subgroup variation.
This is accomplished by a 3-chart (monitor withifbgroup variation with an R (or s) chart
with subgroup size n).
= Averaging all n within-subgroup readings into agénnumber.
» Treating the within-subgroup averages as indivislual
= Monitoring variation between subgroups with I/MRadh(limits for the | chart are
based on the Moving Range of the subgroup averages)
o In Minitab: To see if a process is in control in Minitab:
Stat > Control Charts > Variables Charts for Subgps > I-MR-R/S (Between/Within) > All
observations for a chart are in one colum@&elect Y, Subgroup sizésnter size of subgroup or select
from list
Results: If the data points are within the red control lisnéind a random pattern around the
green average line, the process is in control.

Downweb (between)
1 2 3 4 -] 3]

B E 1737 1.736 1.60B 1.628 1.739 1.767
3 _g EC 1796 1.734 1586 1.657 1.792 1797
2 'é w 1789 1.812 1625 1.634 1.792 1.804
o~ WC 1830 1768 1658 1.612 1775 1.789
Average 1.7880 1.7620 1.6182| 1.6328 1.7745 1.7802
MR g 0.0260 0.1428 0.0135 0.1417 0.0147
Range 0.083 0.078 0.072] 0.043 0.053 0.037

IMRR /S (Between/Within) Chart of Thickness

ez

w3t Sumgraup Mesn

| chart monitors

process average
over time IVIR_Ch_a_rt monitors
~ IMR-R/S (Between,/Within) Chart of Thickness variability between
(\‘ sample groups
H
i /

7
R chart monitors Note: Points plotted on the | Chart are the same as those
variability within on an Xbar chart. The limits are different because
sample groups they're based on the Moving Range

Attributes Charts: Used when the Y is in discrete groupings. Bleek Belt or Coach)
* np-chart, p-chart, u-chart, c-chart
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H. Measurement Systems Analysis (MSA)

We need to determine whether the existing projedatd and the  .u.. | weasure | Analyze | 1mprove | control
way we measure it is “good enough.” Is the avédlalata suitable 5 "0 ...~ T
for the project? Are we measuring the right thilg2he data | e e
trustworthy? Can we consistently get the samdts®su

The Roadmap

o

Process variationaffects how our products and services appear &y ‘
our customersMeasurement variation affectsour perceptiorof -
process variation. Six Sigma depends upon datatbot
understand the process and to measure improvestewe will
not be successful if the data is not reliable.

Measurement Systems Analysis (MSA) Purpose:

» Identify the right data for the process measurement

» Understand and eliminate variation due to how tioegss is measured (through audits, gage
R&R and/or attribute agreement studies).

Measurement Systems Analysis (MSA) Goals:
» Correct and valid data are identified for projethlgsis
* Process can be consistently measured

Issue 1: Data Inteqrity

Available data might not have been collected wihrypurpose in mind. You need to determine if the
right aspects of the process are captured in thidade data. For example, if you are measurirajecy
time for a process, does the available cycle tiata dtart and stop at the same points that youtezha
scope includes?

Data Integrity — Checklist of Questions to Answer

O What type of data is it?

O Is available data usable? If not, can it be maddbla?

O Is data suitable for project?
0 Isrecorded data what we meant to record?

Does it contain the information that was intended?

Does the measure discriminate between items thatiierent?

Does it reliably predict future performance?

Does it agree with other measures designed tot geinge thing?
0 Isthe measure stable over time?

O Is data trustworthy?
0o How can data be audited?

O Is the “right” aspect of the process being measurBan’t want just the availabtiata, want the
right data. The data can be from a very reliable soimaeisn’t exactly what you need for your
project. For example, is income the “right data” fiet worth?

O O0OO0Oo
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Issue 2: Data Reliability

Once we have the right data we must determine lulitysto measure it using statistical tools. \&ion

exists in every process. The question is how nafiche variation is caused lmpw the data is collected.

The key question on data reliabilitys the measurement system producing “good” data?

* Hint: Study variation of Project Y (output) measuremsystam first, then focus on measurement
system for critical X's (inputs) only

Data Reliability — Checklist of Questions to Answer

How big is the measurement error?

What are the sources of the measurement error?
Is the measurement system stable over time?

Is it capable for this study?

How do we improve the measurement system?

2 — 2
JObserved_ Process O-M

ooooo

easuremersyste

Focus on this piece

P055|ble Sources of Observed Variation

Observed Process 100%

Variation
Process (Part to ., Measurement
Part) Variation m % System Varlatlon

o 1 _
Varlatlon due to Variation due to |

gage operator
Repeatability Reproducibility

1

m Example percentages | :
Operator | Operator

o | by Part |
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Data Reliability — Terminology

* Resolution— Number of decimal spaces needed to be measyride Isystem. Increments of
measure should be about one-tenth of width of pbsipecification or process variation. Example of
two levels of resolution: 1 inch versus 1.2 inches

» Accuracy- Difference between measurements and true value.
0 Bias— Comparison of the average of all data pointdeattue value required by the customer.
Example of an inaccurate process: process aves&yg hours, customer requirement is 7 hours.
Bias is difference average and true value: exampletween 7 hours and 2.5 hours which equals
4.5 hours. Must have a reference or calibratianddrd to assess accuracy. Accuracy is
dynamic; without calibration it will deteriorate evtime!

o Stability— Consistency of process over time.
» Precision— Excess variation in multiple measurements ofespart with same device.

0 Repeatability- Repeated measurements by the same variablersistemt under same
conditions (same operator, same unit, same enviatahconditions, short-term). Typically
identifies an equipment issue. Example: Sameopaising the same activity gets the same
results.

o0 Reproducibility— Repeated measurements by the different varialpbesonsistent under same
conditions. For example, different people usisgme instrument, measuring identical
characteristic. Typically identifies an issuehwiperators. Example: Two different people
doing the same activity get the same results.

Repeatability

Repeatability Good Bad
Good Bad
A 3
o /1 == 0
/ ot
g = © e,
/ ie) - s

> / —
2 , T | B
= True Value True Value 'g .
8 Y t’ \\‘
[} =3 : &
< © 3 f

3 [ @ \ \ /’h/\\/\

S il U N o " el

/
% /\\ Operator 1
True Value True Value |----- Operator 2
Accurate Precise but Accurate but Not accurate!
and Precise not Accurate not Precise nor precise
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Data Reliability — Ways to Verify

Use one or more of the following methods to deteanif the measurement system is accurately
measuring the process and if you can rely on tkee daheck with Black Belt or coach for the apprajer
tool(s) for your project.
e Audits
0 Used to verify reliability of data from moBusiness processes The team must find a way to
verify the data with a second, independent sow@ss$ure ourselves the data is a clear and
accurate record of actual characteristics or ewaftgerest.
0 Used to measure business indices, numbers frorakaa (sales, costs), dates or times (cycle
time projects). Basic goal is very simple: Isadadrrectandvalid?
* Gage R&R Studies
0 Used to measure consistencycohtinuous data by comparing individuals to themselves and
each other.
0 Used to measure physical properties (product gqudhiickness, viscosity) or rating scales (Real-
Win-Worth, Charter metric).
» Attribute Agreement Analysis
0 Used to measure consistencydadcrete data by comparing individuals to themselves aruth ea
other.
0 Used when assigning yes/no, pass/fail, or whemgyaisgj items to categories (reasons for
customer returns; type of defect).

Audits

» Used to verify reliability of data from mobusiness processes The team must find a way to verify
the data with a second, independent source toessuselves the data is a clear and accurate record
of actual characteristics or events of interesin 6e used to measure business indices, numbars fro
databases (sales, costs), dates or times (cyaeptigjects). Basic goal is very simple: Is data
correctandvalid?

* For example, a team could compare two different pesduct sales reports to determine if the same
products are listed on both reports. Then, othalyais tools can be used like Regression.

* Audits must be independeot data collection, processing and reporting sysies are assessing.
Compare results from “normal” data system with deden a second, independent source. Do we get
same answer from both sources?

Audit Methods
» For most organizations, data is kept in computéalzieses (consider involving an IT representative).
Some portions (if not all) of data processes amieadly being checked automatically for data intggrit
— Check Super Ys for MSA replication opportunities.
» Determine acceptance criteria in advance. For pl&am
o0 Errors on less than X% of samples
0 No errors more than Y units (or Y%) away from the correcieval
* No “one size fits all” approach to data integritydéing. Types of audits include:
o Comparing a computer system to: another computer systermahraporting system or physical
records.
o0 Observing a process to verify correct data entry.
o Looking at the data to find impossible or questionable t&sul
0 Using surveys to double-check results.
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Gage R&R Studies

2 _ ped 2
o.(:)bserved - cProcess +[°.Measurement System]
Used to measure consistencycoftinuous

data by comparing individuals to themselves *— Focus on this piece

and each other. Can be used to measure physgg@nties (product quality, thickness, viscosity) or
rating scales (Real-Win-Worth, Charter metric).

For example, if the measurement system involvemashg the dollar value of an opportunity, a
study can be done to see how consistently persestifaates a particular opportunity more than
once. The study also analyzes how similar A andeBtsmates are to each other.

Gage R&R metrics are:

» P/T Ratio = Precision to Tolerance Ratio

Whatis it? Compares Measurement System Variability o o
to the_Product Specificatigeustomer specifications — |p/T = Oums _ — Ows
USL and LSL). Includes repeatability and reprodilicy . Tolerance (USL-LSL)

* What question does it answer?How much of the
product tolerance (USL - LSL) is taken up by measent error?
** Must have customer (or product specifications laast) to get the P/T ratio!**

* % R&R (%SV = %Study Variation)

 Whatis it? Compares the Measurement System Stand
Deviationto the Total Observed Standard Deviation %R& Ror (%SV) =
(process and measurement system together) Orotal

» What question does it answer?How much of total
observed variation is taken up by measurementrsyste

* How is it calculated? Calculated based on the standard deviation of #gesorement
system and the total variation.

Ivs %100

Conducta Gage R&R study to quantify repeatability andodpcibility components of measurement
variability and estimate %R&R. May also obtain Pdfio if process specifications are available.
* Need the following:
0 2-3 operators, spanning the capabilities or expees
o0 5-10 samples, spanning the normal range of theepsoc
= Hint: (number of samples) X (number of operators) > Hidte repeating and
no duplicates)
» Each sample is measured 2-3 times by each opénaaandom order with time between the
evaluations for each operator.
o Hint: If conducting a destructive test, it may be beside 5-10 batches with only 2
replicates (or samples within each batch) in otdeninimize confounding with sample.
Also, the samples need to be as “identical” asipless
» See your Black Belt for more information on sangifes and setting up a Gage R&R study

In Minitab: To analyzeéhe Gage R&R study in Minitab:

Stat > Quality Tools > Gage Study > Gage R&R St(@sossed) > Part numbersSelect item being studied,
Operators:Select operators, Measurement def&lect results of study, Click on OptienStudy variation:
Enter the number 6, Process tolerantfeknown, enter the range of the customer spextitias

Results: See table and graph on next page.
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operator (operators
are consistent in
evaluating same
itermn)

LY

b arChart by Estimator

T e

Classification P/IT % SV or % R&R | % Contribution
Best Case <109 <10% <10%
Acceptable < 30% < 30% < 30%
Unacceptable (unless destructive) > 30% > 30% > 30%
Unacceptable when destructive > 50% > 50% > 50%
Gage R&R (ANJVA) for Cost Do not want
Fage name: ?;2?::;‘:3‘“ ﬂat Ilne (Items
[rate of shudy: Misc: be| n g
. Components of Variation Cost by House evaluated are
.S:-.e tabtletfor —b T o . A different from
interpretation I . each other)
Want ranges to be S o -l Do want flat line
small with similar bt : :/-\ 7 > ¢ T | (operators give
patterns for each /'\w://\: e ° g E similar results on

average)

Average

Want lots of out of control
points (items being evaluated
are different from each other
and each operator recognizes

that)

Want all lines overlapping exactly
and not crossing (operators are
consistent — if crossing then
interaction between operators

and items)
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Attribute Agreement Studies

Used to measure consistencydadcrete data by comparing individuals to themselves aruth egher.
Can be used when assigning yes/no, pass/fail, enwhsigning items to categories (reasons for
customer returns; type of defect).
For example, if the measurement system involvessifiang customer complaints into categories, a
study can be done to see how often person A agridefimself in categorizing the same complaints,
and how often person A and B agree with each other.
Attribute (discrete) data contains less informatimen continuous data, but sometimes it is all ithat
available. Therefore, you must be even more demgrabout the integrity of attribute measurement
systems.
Goalsof attribute agreement studies are similar to Mf@als for continuous data systems. In
attribute MSA we are getting similar informationtlin a different approach with new metrics.
Attribute agreement metrics are:
* % Agreement how many agreements did you have out of allipiiies (samples)?

» Agreement withimppraisers (repeated trials - repeatability)

* Agreement betweeappraisers (reproducibility)

» Agreement of appraisers with expertknown standard (accuracy)

» Kappa- level of agreement after random chance is regh@vew much better than random
chance?)
Individual Kappa for category — represents how isiastly
~ each appraisaates same samples over multiple trials in one
category

* within appraisers
~ Overall Kappa — for each appraisepresents that appraiser’s
consistency across all categories

Individual Kappa for category — represents how isiastly
all appraisergategorized samples in that category
* between appraisers

appraisers and categories)

Individual Kappa for category — represents how iiastly
each appraisaates same samples_in one categmypared

to expert

-
~ Overall Kappa — represents study-wide agreerfearbss
-

»  appraisers with expert
~ Overall Kappa — represents study-wide agreerfearbss
appraisers and categories) to expert

* Note: If there is substantial agreement, there is thaipdity the ratings are accurate. If agreement is
poor, usefulness of ratings_is extremely limited
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» Conductan attribute agreement study to quantify repekiyabind reproducibility components of
measurement variability and estimate Kappa.
* Need the following sampie
0 2-3 operators, spanning the capabilities or expees
o 30-50 samples, spanning the normal variation atr@@es of the process (Majority
should be from ‘gray’ areas. Remainder shouldlbarly good or clearly bad)
» Methodto conduct the study:
0 Select 2-3 people who normally conduct the assegsme
0O Randomly provide samples to one person (withoutatihg which sample is which) and
have the person rate each of the items.
0 Once first person has reviewed all items, repetit @maining people.
0 Once everybody has rated each item, repeat steps & a second trial.
O Note: All possible combinations of appraisers, itenmg] &rials” should be represented:
= Each appraiser must examine all of the items.
= Each appraiser must examine those items the samieenwof times (trials).
o Note: Requirements for use:
= Units to be measured are independent from one anoth
= Raters inspect and classify independently.
» Rating categories are mutually exclusive and exihaus

- In Minitab: To analyze the Attribute Agreement study in Mibit
Stat > Quality Tools > Gage Study > Attribute Agmeent Analysis > Attribute columiSelect result of study,
Sample:Select item being studied, Apprais8elect operators, Known standard/attribu§elect expert’s
ratings, Click on Results Choose In addition, kappa and Kendall's (ordim#ta) coefficients
Results: See table below

Classification Kappa
Perfect agreement 1
Excellent >0.90
Acceptable — Some improvement warranted >0.70
Unacceptable — Measurement system needs attensigmificant effort required <0.70
Random agreement — flip a coin -1t0 0.0

Attribute Measurement Systems Improvement Technigug

* Visual aids

* Operational definitions

* Cleaning up category codes

» Sense multipliers (devices to improve human senses)
* Masks / templates (block out unimportant informalio

* Checklists

* Automation

* Reorganization of work area
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MSA Tips

See your Black Belt for more information on samgiees and setting up a Gage R&R and/or attribute
agreement studies.

To audit business data, audit documents must lhupea to show the relevance and correctness.
Relevance must always be checked, especially fative values such as square meters per time unit
or material, etc

In the Gage R&R analysis — repeated measuremeritee@ame part must be possible. When
destructive test methods are used, homogeneousiahatest be used.

To validate data from databases use known testdrmgicompare with original data.

A plausibility check is useful for large amountsdata, whereby the data for each variable aredorte
by size. Itis important to return the data tdrtleeiginal state after the test.

All MSA studies need to have precisely defined testditions.

Common Process MSA Pitfalls

Assuming that corporate database information israatically good. The data may not have been
collected correctly or with your purpose in mind.

Not conducting MSA until very late in the project.

Measuring equipment does not have a high enougtutes.

Assuming that projects on business processes (r@omHacturing) don’t require an MSA. Many
business processes may not have a measurememh sysd# and will require the project team to
create one.

MSA Checklist

|

ooooooooooooood

|

Have you picked the right measurement systemRidsriieasurement system associated with either
critical inputs or outputs?

What do the precision, accuracy, and stability |biod?

What are the sources of variation and what is taasurement error?

What needs to be done to improve this system?

Have we informed the right people of our results?

Who owns this measurement system?

Who owns trouble shooting?

Does this system have a control plan in place?

What's the training frequency? Is that frequerdigyh?

Do identical systems match?

What are the major sources of measurement error?

Did you conduct an MSA on the project Y’s and aiical inputs (X's)?

How much measurement error exists compared tortheeps variation (% R&R)?

How much measurement error exists in comparisehespecifications (%P/T)?

Is the measurement system acceptable for the graogsovement efforts? If not, what actions
should be taken?

How were the samples chosen? Do they adequatedy toe entire process?

Next Steps

Complete remaining tasks in Measure Phase (PrdtassC&E Matrix, Capability Studies) and move
onto Analyze Phase with the FMEA.

Lessons Learned
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|. Capability Studies

Capability Studies Purpose:

» Compare voice of process to voice of customer.

» Determine the stability of the process.

* Determine whether the process is meeting the grgjeads
(ideally customer needs).

» Establishes a baseline for process Y(s). (Howosgss
performing today? How much does it need to improve
reach project goals?)

* Identify what kind of improvement strategy is negde

The Roadmap

Define | Measure Analyze Improve Control
— — — T — R

nnnnnn
..........

Capability Studies Goals:
» Initial process capability documented.
» Identification of type of improvement strategy nedd

Steps to Follow

Step 1 — Determine stability by gathering initial dita and plotting in time order
» Assemble datafrom recent history and record the data in tigear Ideally, collect 20-25 points,
although this may not be possible for all procesdepending upon the frequency of data.
» Create a control chart(such as an I-MR or Individuals chart) to sed& process has common or
special cause variation. (See “Statistical ProGesgrol” for more information.)
o Common Cause Normal/random process variation, noise.
0 Special Cause Unusual, unpredictable events. Causes may e&ime events or
permanent changes to the process.
* A process is “stable” if it has only common cauaeation — all data points inside the control lisnit
(red lines) on control chart and no obvious trends.

Step 2: Determine improvement strategy
» If specialcauses dominate:
0 Ask: “What happenedt the time of the special cause?” “Is it likely tontinue or re-occur?”
o Identify and address the root cause that creagdttange.
o Don't redesign the entire process while speciateatstill exist. First, address special causes,
and then determine if a redesign is needed.
e If commoncauses dominate:
0 Ask: “What is happeningach time we do the process?”
0 Analyze all data (not just ones that didn’t meetdioal) and study potential sources of
variation.
0 If only common causes exist, but goals aren’t beneg, entire process may require change.

Step 3: Evaluate capability — the ability to meettie customer requirements
» Compare baseline results with customer requirem@ntgect goals, customer specifications, etc).
(Hint: Make sure your metric and the customer use the saitee) Use one of the following tools
to do the comparison.
0 Attribute (Discrete) data — calculate Defects Per Unit (DPU)
o0 Continuous data— calculate capability indices
» Determine what is needed to meet customer requirten{enportant: Verify customer specifications
are real):
0 Shift the process average
0 Reduce total variability
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Attribute (Discrete) Data Capability

* When the data are attribute or discrete, the cépaisi determined by counting the number of dedect
(as defined by the customer) in each unit.

» Step 1. Define the unit- The physical output from the process that ipéated, evaluated, or
judged by others to determine “suitability for ts&ypically something delivered to customers or
users. Defined by a starting and stopping pointémtinuous flow products or services.

» Step 2: Define the defect anything that does not meet a critical custor@guirement, does not
meet an established standard, or causes unwaniatom

e Step 3: Calculate the number of Defects per UniQPU)

0 Count all individual defects (or errors) on eaclit (zan also
be calculated for individual defect types — then ickentify Total # of Defects
which defect type is creating largest loss to RTY). DPU= # of Units

o DPU can be graphically represented using Paretot€€ha

0 Note: Defects versus Defectives:

» A defectiveunit is any unit containing a defecthere can be multiple defedtsone
defectiveunit. Reducing defecimproves RTY and leads to breakthrough process
performance.

» Defectivesare a result of defectdt is impossible to reduce defectiweghout reducing
the number of defectd~ocusing on defectivesten leads to costly inspection and
rework.

o DPU does notake process complexity into account

e Customer call capability = 0.16 DPU

» Invoice writing capability = 0.68 DPU

» s it fair to compare these two processes? Hpbirtant?

o Defects per Million Opportunities (DPMO) is a metthat incorporates process complexity.

» Can be very impractical because it is often veffjodit to define an opportunity.

* Only use DPMO if very important to compare two msses of different complexity.

o DPU is the preferred attribute capability metritmeasures defects, not defectives. It can help
prioritize project issues (Pareto defects).
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Continuous Data Capability

* When the data are continuous, the capability isrd@hed comparing the capability of a process
(voice of the process) to the specification linfisice of the customer). The data must be in time

order
* Two types of capability indexes are used:

0 C = Process Capability- what the process
potentialis given a stablprocess. (Standard
deviation estimated from Moving Range or
pooled standard deviation — represents comm
cause variation only). Measure of what the
process performance is short term

o0 P =Process Performance what_has happengd
not necessarily what will happen. (Standard

control chart (common
cause variation)

Upper Spec - Lower Spec

6 Sigma

Stable Unstable
Process Process

Co

Py

O?ipma is estimated from a Sigma is estimated as the
traditional standard deviation
(common and special cause

variation)

. MR
o=—0
d,

&:Vz(xr?f
n-1

deviation estimated from the traditional formulaeludes both common and special cause
variation). Indicates likely process performarmeg term

Cp = Capability =
P P Y Voice of Proces Contro

Limits 65

C, = Capability for Stable and Centeredprocess(on target)

« Want G, to be greater than one (biggebetter). G>1
* G, only accounts focommon caus&ariation

_ Voice of Customer _ Total Tolerance _ USL - LSL

usL

Cpk = Capability for Stable process (not necessarily centered)

» Cpk penalizes you for beirgff target B B S e

* If Cp, > Gy, thenoff target _wping X-LSL USL-X Sustomer

- Cpk=Min( , ) .
* If Cy = Gy thenon target. 3s 3s ‘ Voice of The Process
P, = Capability for Unstable and Centeredprocess
_ . _ Voice of Customer _ Total Tolerance _ UsL -LsL
Pp = Capability = 8 = — =
Voice of Proces Contro Limits 6<
« Want R to be greater than one (biggebetter). B> 1 Variability
« If C, > R, thenunstable processr one withspecial cause Common ~ JPecial &
variation (in addition to thecommon cause variation Cause Ol auses

Pok = capability for Unstable process (not necessarily § Center Cp Pp

centered) = of Specs

* P penalizesyou for beingoff target @

* If P,> Py, thenoff target. o Current | o

' g2 pk Ppk
* If P, = Py, thenon target. = el
C>h C>h
If Indices are: Co =G =F=Pux Cp > Gk Cp = G Cp > G
G=h Po = Pk Po > Pk
Then process is: | Centered (On Target)| UNcentered (Off Centered (On Target)| UNcentered (Off Target
and Stable Target) and Stable | and Unstable and UNstable
Report: Cp and G Cpk only R, only Py only
Bad Cp Good Cp Good Cp
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« In Minitab: To analyze the Capability Study in Minitab:

Stat > Quality Tools > Capability Six Pack > NorntalSingle columnResult of study, Subgroup Size:

Typically the number 1, Lower Spdenter value, Upper Spe&nter value
Results: See chart below.

Values

e
Iy

5

Check stability of data

I Chart

UCL=144

3
: !Vv-f' y WV‘&‘N"'W =
T o
- : - - — - - - - - LCL=BS%
1 06 11 18 2 % I F® 4 46
Moving Range Chart
4 []
® UCL=3407
= A
Z ¥ S i e MR =143
L-J‘A ™
1 6

1 16

4 LCL=0
21 % 3 H 41 4

Last 25 Observations

- r
' ae
] L]
L ]
& ot . * .

& . -
a1 -
L a .

] ™ .
10 T
] 40 45 =1
Observation

Check normality of data

Pl

Capability Histogram \

1o L. 1z 1z

Normal Prob Plot
4D 0,179, P:0.914

\ /

Y 2
\*—u—m_ o =
Capability ratios
Mty Plot \
within within_ |l overall Y
StDev 0924519 |b—t—aH | StDev 091732
cp 0.54 Fp 055
cpk 0.3 Overall e pat
Cicpk  0.54 fIANCpm  * y,
Specs
/

Comparing process spread to
specifications
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Capability Studies Tips

Co, G P, and By estimate the “truth.” You will never know the true,R it is based omstimates
of yando. The estimates will change as new data are tetlec
Data come from atable process- If not, performance metrics 4HP,) are only accurate measure of
current state of process.,, @, are just “best case” scenarios.
Data normally distributed — If data are not normal because they are nolestiltk of stability is
real issue and non-normality is not an immediatecem. If data are stable and non-normal, data
may need to be transformed (see a Six Sigma Coach).
Best to control chart capability indices over tiragher than relying on a single number.
For a process to be considered Six Sigma:
o C=20
» |f stable, voice of process is half the size ofceodf customer
= If process is centered, mean s &vay from either specification limit
0o Px=15
= Accounts for 1.6 shift and drift
= Note: Achieving a @ level of capability is not necessarily the goakwéry project
Capability metrics (withho customer specification) — baseline of process
0 Mean, Standard Deviation, DPU
Capability metricswith customer specification) — baseline of comparegkfmectation/requirements
0 Cp G Py R

Common Capability Studies Pitfalls

Lacking adequate “customer” specifications thahdbtruly represent the customer needs (end-of-
roll samples, averaging multiple samples, how dassomer define a unit?) or specifications that are
set internally (+/- 8 — maximum G = 1.0).

Trying to improve numbers instead of improving @es by manipulating numbers, changing
specifications, etc...

Trying to see Cpk when it may not be applicable wuan unstable process.

Overemphasis on one number from a single studyetsore the process (short-term vs. long-term,
tracking capability over time).

Putting too much focus on data points that do negtneustomer requirements when the overall
process is stable (has only common cause variat@ftgn happens when a goal is on a control chart.
An “in control” or stable process is not necesgagdod enough. While you may still need to improve
this process, your improvement strategy will béedént than it might for an out-of-control process.
Having a stable but non-normal process. May nee&tbta transformation. See your Black Belt or
coach.
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Capability Studies Checklist

* Initial Capability:

0
U
U

O

What are long and short-term process capabilityes?
How does the process compare to the customer’'pgerge of performance?

Is there a significant opportunity to improve begaurrent levels (e.g. how large is the gap
between Gand B,)?

What are the definitions of defects and opportasfi

+ Baseline Data:

Tooogd

ogooooono

in

How much data or what time period was used to oeter the baseline capability?
What variables were evaluated?

Are they stable?

Are there explanations for out of control signals?

How long was the process monitored to determinalgie

Have you captured samples of data that truly refleznormal process?

al (Improved) Capability:

How much data or what time period was used to oeter the baseline capability?
What variables were evaluated?

Are they stable?

Are there explanations for out of control signals?

How long was the process monitored to determinaliie?

Have you captured samples of data that truly refleenormal process?

Do you have six data points indicating a sustamégpecial cause” created by your project?

Next Steps

Complete remaining tasks in Measure Phase (PrdtagssC&E Matrix, Measurement Systems
Analysis) and move onto Analyze Phase with the FMEA

Lessons Learned
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Measure Phase — Completion Checklist
Measurement System Defined (Project MSA Completed)
Baseline Process Capability (Initial Capability)

Process Map Completed

C&E Matrix completed providing prioritized X's

FMEA completed provide prioritized X's and theor@sfailures
Updated Charter

Project Team in Place

Oooooooo
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IVV. Analyze

Analyze Phase Purpose:

» To begin learning about the relationshijggween the X’s and Y’s and identify potential m&s of
process variability

Analyze Phase Goals:

* Reduce the number of inputs (X's) to a managealneter

» Determine the presence of noise variables throughi-Mari Studies

» Plan first improvement activities The Roadmap
A. Multi-Vari Analysis Dutine | atmrs, | Ao, | improv, | Conto,
Multi-Vari Analysis Purpose: : o
» Collect data and search for “clues” about the ig§ts) that
have the biggest effect on the output (Y).
» Collect data to support intuition and experiencs ttreated
C&E and FMEA.
« Discover inputs initially missed on process map E;&MEA.

Multi-Vari Analysis Goals:
» Find the key inputs (X’s) to advance to the Imprpbase and avoid wasting time experimenting and
controlling unimportant inputs (X’s).

Multi-Vari Analysis is a study of MULTple VARIables. It is an organized approach to collectimd) a
analyzing data without changimmg experimentingvith the processPassive data collectionThe three
ways to always look at data includera&tical, Gaphical, and Aalytical.

Cautions with a Multi-Vari Study

* Recall the “Laws of Snapshooting”: beware of lawkat only one point in time. Need to study
entire process.

» Look at everythinghat seems pertinent. Go in with an open mintheravise you will only see what
you expect to see and miss something the proceds hell you.

* Be aware of biasggonscious or unconscious). They limit the wayleak at data or situations.
Instead let the data tell you what's important.

Steps to Conducting a Multi-Vari Study

Step 1 — Determine which X’s (inputs) and Y’s (outpts) to study — Must be measurable!
* Y’s: primary, secondary and counterbalancing Y’s tgihjcfrom the charter. May be final
process
o X’s: prioritized from FMEA (look for Causes of Failukéodes)
» Use tools to focus study only on suspected critisalind potential noise variables (C&E;
FMEA — causes of failure modes for high RPNs; adrgharts and capability studies —
Xs that might make common or special cause vaniatio
» Noise variables Xs that cannot or choose not to control. Img@ottoise variables need to be
identified so compensating mechanisms can be pulaire. If possible, address these sources of
variation early in Improve phase before attempérgeriments on currently controlled input
variables. Examples:
» Manufacturing — raw material properties, humidigmperature, supplier lead time,
customer demand;
» Transactional — economic conditions, customer deimeaustomer payment policy,
competitor actions.
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Step 2 — Establish objectives or questions relatingpecific X's to specific Y’s to be
answered or supported with data

Does a specific input (X) influence a specific autfy)?

What type of data are inputs and outputs and wtagathg/statistics can be used to analyze the
data?

What theories (hypotheses) need to be answered?

Critical to think about the objectives and the datalysis simultaneously before collecting data.

Step 3 — Identify sources of data for each X and {S.H.O.P.) — May need more than one
approach to capture all Xs and Ys

Surveys

Historical data

May be the only source of data — especially forsom
business processes

Data depends on the quality of the survey desiga —
careful not to ask leading questions

Can be expensive and time consuming

Least disruptive; can provide quick insights imptit (X)
and output (Y) relationships

Generally available, but quality may be questioaabl
carelessly recorded

3M has many systems that collect data. Can prayuiiek insight into X and Y relationships.

Can learn from previous projects’ data.

“Reassembling” historical data can provide newghts. For example: studying last 50 product
transfers, reviewing previous new product introgued, product conversions, equipment
downtime, equipment installations. Collecting ssambled data may require interviews, surveys,
or reviewing old records.

Cautions:

o0 Obtaining and manipulating data may be time conagmi

0 May not represent today’s process

o Data not necessarily collected with your objectivesiind — may be missing Xs

0 Integrity can be suspect if information recordecktessly or has a poor measurement system.

ObserveProcess

Always the best choice, but may be impractical.

Can plan data collection to meet project needs.

Can learn more from watching than relying on mes®#& opinions

Allows flexibility in data collection. Can obsergpecial causes, pareto sources of variation, and
observe Xs causing changes in'Y.

May require new measurement systems or taking fnegeent measurements.

Moderately disruptive — watch for the “Hawthornéeef” (people change what they do because
they are being watched)
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Step 4 — Plan the data collection

« Surveys: Limit questions and include good operational migfins. Choose broad representation
of people to survey. Get help designing a goodesufrom your Black Belt or coach. Also, see
section “Survey/Questionnaire Tip Sheet”.

« Historical: Entire population or sample? Time period to p@ih the X’s be synchronized with
the Y’'s (Y may be affected by X in an earlier timeriod)? Organization of data (how and
where will the data be inputted)?

» Observe thd’rocess

0 Search for sources of variation. Observe the eff£X’s on the Y’s. May design a
noise tree to help identify which noise factorsénbiggest impact.

o0 Plan data collection. Need clear roles & respotisds (who will collect what data),
operational definitions, timing (when to start, htlmmg to observe, how synchronize X's
with Y’s), copious notes, and prompt data loggiegtér as soon as possible to minimize
risk of losing or forgetting information).

» Use the Multi-Vari study worksheet to organize dailiection and analysis plan (see ubertool).

mhyss Plenned Anelysiz R [+]
Control Theory (Why ix Sietisdicelly
Procexx | Weriable? | Continuous or Dete |Questionzwe're | the question MSA Sample Significent? | Practicelly
Step Xor¥ |orDizzrete? |Hoixe? (Source? jirying to en®wer [ imporlent?) Hyp Plan Size |Graphicel|Sietisticel| {p< 05 |Significent? |Conclusions

Step 5 — Run a pilot
* No matter what the data collection method, runat!pi
» Verify that: you'll get the information you need;s¥and Y’s are measurable; resources are
adequate to collect data; data collection plahasaugh; operational definitions are clear; and
data analysis plan will work.
* Things can learn from pilot:
e Surveys: Questions misleading, biased, or confusing;yampnissues exist; people surveyed
may not have necessary knowledge; survey takes too longysus\vask questions differently.
» Historical and observing the process: Can’t synchronize d&'anidentify additional Xs to
study; MSA issues exist.

Step 6 — Make necessary changes to plan
» Update based on the learnings from the pilot. Migblude additional Xs needed, reallocating
resources, revised or removed survey questiordanfy operational definitions.
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Step 7 — Run study and collect data
* Gather data, log any unusual observations, anddfioion Minitab. Minitab prefers: list inputs
(Xs) 1 per column; list outputs (Ys) 1 per coluradd a separate column for capturing text
comments. Can enter the data in Excel and they toolglinitab.

Step 8 — Analyze data

» Graphthe data first (using your roadmaps!):
Control chartsor Time Series plots of Ys and Xs (if there’s a time secgien
Boxplotsof Y vs. Discrete X
Dotplotsof Y vs. Discrete X
Scatterplotor Matrix plotsof Y vs. Continuous X
Main Effects Plobf Y vs. Discrete X
* Use statisticatechniques to validate the graphical results:

T-test on Discrete X

ANOVA on Discrete X
Regression on Continuous X

Data Description Hypothesis e i Test
Tool
¥ E|€ Discrete X Hy: Factors
Ri|s |0 2 Discrete Y are - T.Ot - Chi-Square
< Icable
AR independent PP
Continuous Y Btk
compared to Hy: = Target PO 1-Sample t
Dot Plot
target/goal
2 levels of Box plot,
Discrete X, Ho: py =ps Dot plot, 2-Sample t
Continuous Y Main Effects
3+ levels of Box plot,
Discrete X, Ho: py=...= oy Dot plot, ANOVA
Continuous Y Main Effects
Continuous X;
. Hy: Slope =0 Sn:att_er pllot, Regression
Continuous Y atrix plot
Output ¥ Input X Levels Numher Comparison Faer G
Type Type of X of Xs of ... Riahenesl Jest M
Dizerete Dizcrete =2 1 Freguency Chi-Jguare Stat = Tables = Chi-Square Test
Meat 1-Bample t-Test Stat > Basic Statistice > [-Sample t
1 1
Median l-sample Wilcoxon | 3Stat > Nonparametrics = 1-Sample Wilcoxon
Ieatis 2-Bample t-Test Stat> Basic Statistics > 2-Zample t
2 1 I ediums M an-Whitney Stat > Nonparametrics = IMann-Whitney
Dizcrete
Means Paired t-Test Stat > Basic Statistics > Fawed t
Neatis ANOVA Stat> ANOVA » One-Way
Contitmious 1
=2 Mediums Kiruskal -Wallis Stat * NonParametrics > Kiuskal - Wallis
=2 Ileans GLM Stat > ANOVA > General Linear W odel
Stat > Regression = Fitted Line Plot
1 -Na- Regression
Htat > Regression > Regression
Contitnious ML aty
Gtat> Regression > Stepwise
=2 MA- Regression
Stat> Regression > Best Subsets
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Multi-Vari Tips

* Include the following when presenting the Multi-Vegsults:

» Objectives:nputs and outputs studied, theories and hypotheses

« Stability: Control charts to track key x’s; project y(s)

» Significant results:Using BOTH graphs and statistical analysis, demonstratprdctical and
statistical significance of inputs on outputs. Often helfafidlso show which inputs were proved
insignificant.

» ConclusionsRecommendations for next steps (ie: further data collecticdndies, experiments, etc)

» During planning of the Multi-Vari study, consulttwia Black Belt or a Green Belt Coach for other
potential considerations.

» Refer to the Roadmaps for graphs and statisticés twhile planning & analyzing your data.

* Some people like to do a Multi-Vari study before #IMEA to learn more about the process and to

identify other X’s.

» Organize your questions and data analysis plamsdebllecting any data (use the Multi-Vari Study

Worksheet).

* Look at everything that seems pertinent.
e See the Multi-Vari planning worksheet in Appendidaool in Ubertool.
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Common Multi-Vari Analysis Pitfalls . o

» Passive observation can provide too narrow of geaar “X” behavior — ﬁ:j > "'
especially for controlled variables (see chartighty. ="

* Interactions may be present, but we have only tig@ted one input (X) at | "= = sz mEwsw s
atime.

* Multicollinearity (Confounding) may be present. ddcs when the Xs are | .o ===
correlated with each other. Makes it difficultdetermine which X hasa | = * .
real effect. ot M

* Biases (conscious or unconscious) limit the wayoe& at data or ' ¢
situations. Be aware of them and include a vaoégeople and thoughts | =" mow W

in the planning, collecting and analyzing of théada
* Recall the “Laws of Snapshooting”™: What you lodksawhat you see and what you look for is what
you find.

Reporting Multi-Vari Results

* Include in final report:
o Description of what trying to accomplish (plan)ojectives, input and output variables
measured, sampling plan used to collect data, eowkps settings
o Stability of process: trend/control charts, histogs
0 Results for each X (significant relationships)agnical analysis (e.g. boxplots, scatterplots)
and statistical analysis
o Conclusions of findings: recommendations for farthtudies, areas to focus improve efforts
* Conclusions should be:
0 Supported by data (not based on conjecture ortioryi
o Shown in graphical and statistical format
o Sensible from a process standpoint

Multi-Vari Checklist

] Who helped developed the Multi-Vari analysis study?

] How was the study conducted?

L1 Were all parts of the process adequately repregémthe study (plan, results for each X, summary)?
[ What were the results? And, what do they tellesds to be done going forward?

Next Steps

* Reuvisit FMEA and develop recommended actions fgrikputs (X’s).
» Develop improvement strategy (e.g. designed exmarinpilot, simulation) to test out your potential
solutions.

Lessons Learned
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B. Survey/Questionnaire Tip Sheet
Why use surveys/questionnaires?

» Cost effective * No interviewer bias
e Large samples in short time frame «  Convenient to fill out
* Easy to tabulate * Uniform presentation of questions

Administering Surveys/Questionnaires ModesMail, Fax, Email, Phone, Internet

Upfront Survey Planning:
* What is the main question or objective(s)? ¢ What are the Ys and Xs to be collected?
*  What's the timeline? « How will survey be administered?
* Who is target audience? How will they be selected?s How will data be analyzed?

Plan ahead for:

e Turnaround time * Number of reminders to increase response rate
* Approximate costs » Sample size for the costs
* Incentives » Time before last survey

* Formats and number of questions

Constructing the Questions:
* Single most difficult task, buhost critical!
» Clarity of meaning of each question very important
* Always PRE-TEST the questionnaire
» Use different formats depending on information needed (depemdsand Y)
Free-answer (open-ended)
Dichotomous — Only 2 possible responses
Multiple-choice — choosing one from many optionsominal, ordinal, or “scale” rating
Fill-in-the blanks (number or word)
o Ranking based on specified criterion
Asking the questions — DO’s:
» Use language familiar to the audience
» Be clear as to wanting fact or opinion as response
» Ask people about their firsthand experiences and where they aimfyivmed answers
* Questions should be worded so that all respondents are arngtier same question
* All respondents should have the same sense of is what thengigaravide definitions where
necessary
» Write good operational definitions for all rating levels
» If definitions are to be given, give them before the quedtself is asked.
« Limit questions to relate only to suspected critical Xs
» Limit open-ended questions — they are insightful but carifeudt to directly relate Xs to Ys
» Do a pilot study for your survey — not just to yduends, but to potential recipients
* Plan data analysis before launching full survey
« Ifwhatis to be covered is too complex to be included imglsiquestion, ask multiple questions.

Asking the questions — AVOID:

» Phrasing questions in a manner that suggests a respbosgo(i think your hard-working senator’s
proposal is a good one?”)

» Adverbs/adjectives that convey different meanings to differeople (Several, many, most,
usually...)

* Words with double meanings

* Words that evoke emotional overtones

* Double negatives

* “Ifyes, then...” questions

« Asking information that is only acquired second hand

* Asking for solutions to complex problems

* Asking questions that have two questions includBa {ou fall asleep quickly and sleep soundly?”)

[elNelNelNe]

Page 68 © 3M 2004,2005 All rights reserved. — DMAIR Sigma Guide - v2-71.doc Rev 2.71



3M Six Sigma DMAIC Guide Book Table of Contents Link

Survey Responses:

Should be a category for every possible answer

Include a “don’t know” category if respondents might not de &banswer

Categories should be mutually exclusive and independent

Provide a continuum to evaluate and respond

Define what is to be rated

Use an Agree-Disagree format for relativity in subjective qoestattitudes, opinions and
assessments

Narrative Answers (Open-ended) when cannot categorize

If respondents are filling in blanks, make it clear what ise@ut there

For sensitive, personal, or difficult-to-capture issues,idensising categories rather than filling in
blanks. For example: salary, age, weight, etc; percent ospem online.

Scales/Number of Categories:

Amount: “Too little” to “Too much” (often 5);

Best answer may be “Just-about right”

Intensity (strength None” to “Very strong” (often 5 or 7)
of characteristic)

Frequency “Never” to “Very often” or “Always” (from 3, 5 or 7)

Agreement “Extremely disagree” to “Extremely agree”, with middle of

“Neither agree or disagree” (often 7 or 9 or 10)

Liking “Extremely dislike” to “Extremely like” (5 or 9 or 10,

depending on the descriptors)

Data Collection:

Choose how you plan to conduct the survey

Pilot test it!

Check for errors, complaints, verify data structures, accuragyedethen launch
Determine how to increase response rates to survey

Send reminders

Monitor response rates

Choosing a Sample:

Identify the number of people needed
Identify the right people — people with information on Xs
A representative sample ensures validity without extreme asofidata

Common Pitfalls:

Bad measurement system for Y. Using surveys to obtaiaty can be extremely suspect — typically
MSA issues with data reliability. If Y is discrete (pas$ail), need a LOT of data and a statistician’s
help. Bad Y means a bad Multi-Vari Study.

Too many open-ended questions — they don’t link Xs diréatl.

Too many questions — remember: suspected critical Xs, not Bvery

Key Final Points:

Keep total length to a minimum « Avoid “it would be nice to know” questions!

Focus questions on learning areas and objectives Use cover letters with instructions, timing, anonymity
defined upfront issues

Pre-Test and Pilot the survey—A Must! * Wording is key

May need follow-up reminders
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C. Hypothesis Testing

Steps to Test an Hypothesis

An hypothesis is simply a theory that is provedithsed using data. Hypothesis testing allows us to
properly handle uncertainty, minimize subjectiviyestion assumptions, prevent omission of critical
information, and manage the risk of decision errors

Step 1 — Determine the Null Hypothesis

* Presume there %0 differencebetween the options (e.g. supplier A versus sapfl). This is called
theNull Hypothesis (H).

* Assume the Null Hypothesis {Hs true. Frequently the Null Hypothesis,Jt the opposite of what
we hope to show.

» Easier to disprove than to prove.

* Hypothesis definitions:
0 Hp: Null hypothesis
0 H, Alternative hypothesis

Step 2 — Collect data (e.g. using Multi-Vari Studig) and calculate test statistic (signal to
noise ratio)

Step 3 — Check to see if data provide evidence tleeis a_statistical difference
» Using a statistical tool, calculate the p-valog. (
0 p-value = Probability value: Probability the observedulescould occur if His true.
= Low p-value, then low probability Hs true. Reject the 1 “P is low, H, must go!”
» High p-value, then high probability Hs true. Accept the H “P is high, Hy's the guy!”
= p-value based on assumed or actual distributiomr(fdb t-distribution, Chi-Square, F-
distribution, etc.)
= For most cases if the p-valug)(< 0.05, there is a statistical difference.
p-Value Interpretation Reaction
p-value > 0.10 No significance Keep the null hypsib
Potentially reject null hypothesis {H-
keep studying the variable
0.05 > p-value > 0 Strong significange  Reject hypothesis (k)
» If thereis a statistical difference, thegject the Null Hypothesis (k) — therds a difference between
the options.
» If thereis not a statistical difference, thetceptthe Null Hypothesis (K} — there iso difference
between the options.
» Basically, innocent until proven guilty.

0.10 > p-value > 0.05 | Weak significance

Step 4 — Check to see if there is_a practical diffence
» Practical significance addresses the question ‘uod?”

Statistical Significance

» p-Values indicate statistical significance. Howeaso
need to assegsactical significance by looking at the & Yes No
size of the difference between the two groujste: = 8 _ Get
Remember statistical significance is affected byla & ® Yes | Acton it .
size, so statistical and practical significancendb 'g = more data
necessarily go together. N~ Ignore it .
0 Are differences large enough to matter? If so)/thecL % Ne for now Rrag: Ik

are practically significant.

o Factors that arboth statistically and practically significant can ksed to manipulate the
process.
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Decision Errors

* When testing a hypothesis, we do so with a knovgrekeof risk and confidence.

» There are two kinds of decision risk in hypoth¢sging: L
0 Rejection of null hypothesis gHwhen it is trued, Type | _
error). s Accept Hy Cﬁr_rzt;t Mlsr;ake
o Acceptance of null hypothesis {Hvhen it is falsef, Do e wetace [T

Type Il error)
» To determine appropriate sample size, we must fypacadvance: magnitude of acceptable decision

risk and test sensitivity. Consider practical timtions of cost, time, and available resourcesrivea
at a rational sampling plan.

Signal to Noise

» Signalis the change or difference we are trying to det&ifference between
process average and target (bias). SIGNAL
* Noiseis the inherent variability in the system. Basedorocess variation. m
* Ifthe ratio is:
o Small —there is no real signal or difference — it's jusise. Results will
be displayed as a large p-value.
o Large — the signal or difference is seen over and allowaoise — it's “real”. Results will be
displayed as a small p-value.
o If the signal-to-noise ratio is large enough, waduade that the effect is real

el i
* Larger signals are easier to detect . | ’ R
» Smaller noise makes it easier to detect ‘ ot 1
signals meard — -
Mean a
e Smaller signals are harder to detect Meam0 _+ = ax -y ‘ |
* Larger noise makes it harder to detect mean=1 __ = ‘ ‘
signals mean=2 _ 5= ‘ ‘
mean=3 a4 & a & ams -

Hypothesis Testing versus Confidence Intervals

Confidence intervals are a concept related to hgsi$ testing:

» Hypothesis testdell whether or nothere is a statisticalifference.

» Confidence intervalsgive you an estimatef what the differences (if any). They take into account
variability of process. They provide more information abadautaintyof conclusions. They are
similar in concept to control limitsn a control chart. They will generally be a prMinitab output
along with p-value.
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Sample Size Cookbook

See your Black Belt or Coach for assistance witkrdaining sample size. If you'd like to try on you
own, here is the “Sample Size Cookbook.”

1. Define problem

2. Develop objectives

3. Establish hypotheses

4. Design test

5
6.
7.
8
9.
1

a)

b)

e)

Establish Alphad)

e Choice ofa should depend upon practical considerations -néii@é risk, safety risk, or other risk
to the customer

e Typical value isa = 0.05

* What are the consequences of rejectin@ H

Establish Betafd)

» Typical values ar@ = 0.10 or 0.20

* The power of a test is equal td31-
= High power (e.g., 0.8 or larger) improves the cleanicsuccessfully identifying improvement

opportunities

e This risk is especially important when trying tashthat an X has no effect.
If the averages differ by, what are the consequences of failing to det@ct it

Establlsh Deltad)

e The minimum differencedj from the hypothesized value we want to detedh wawer 18

« disthe “Signal” we're trying to detect in the SaifiNoise ratio

* How far apart should the averages be for pracsicglificance?

Establish Sigmaq)

» If there’s no good estimate aof we can work with the ratid/o to specify the effect in relative
terms (e.g., we may be looking for a &ffect)

Establish Sample Size (n)

» For tests of the mean, the relationship amongitieeviariablesa, 3, 8, g, and n determine the
sample size

» If we know any four of the five variables, we caaloulate the fifth

Devise sampling plan
Conduct test

Measure and record data
Conduct statistical test

Make statistical decision

0. Translate decision into action

** The guidelines for sample sizes are (more dag¢ams higher confidence):

ComparingMean = 5-10 for each group
ComparingStandard Deviation= 25-30 for each group
AnalyzingSurvey = 50 for each category of study
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Minitab Example

Minitab has sample size calculation tools thatloamsed to determine the appropriate sample sides.

following Minitab examples are for continuous data.

. + and I for 2-Samplet
« Question: How much data do | need to dete = miiaaiineeiaes =
Specify values for any two of the following:

a difference of 5 units between two populationsSample sesf

when each population has a standard deviatioR. ...
of 5 units? Powervalues: [ 5 & 7 & .9 .95

In Minitab: Stat > Power and Sample Size > 2-
Sample t-Test >

Sample Sizedeave blank,

Differences:Enter the difference between the

population means you are trying to detect (e.g. 5), Standard deviation: |5 Options...
Power ValuesEnter the desired probability of
T i . e X Hel OK I C 1
being able to detect the specified difference (&.9. L e ] 5|
for 50%, .95 for 95%), 2-perple & lest
Standard DeviationEnter the estimate of the TESVGE foam L = SRRl b IYREENE mel vy
population standard deviation (e g 5) C?l;ulat;ngSpower fo;:i meandl Z ;ﬂean 2 dlflgerence
v Alpha = 0. Assumed standar eviation =
> Options: Significance levelDefault is alphad) Sample Target
of .05. Difference Size Power Actual Power
5 9 8. 50 0.513363
Results: See Minitab table at right that 5 11 0.60 0.607098
displays the Sample Size for each target Power . o el
Value. For this example, sample size of 27 to 5 23 0. 90 0. 912495
be 95% confident of detecting a difference of 5 5 27 0.95 0. 950077 4

The sanple size is for each group.

units when the standard deviation is 5 units.
Only 17 samples (data points) needed to be 80%dmmifin the shift.

e Question: How much data do | need to dete T x|
a difference of 5 units between three or more numberotievels: @
(pj)opulatlons]c (levels) when each has a standarg..q vaiues for any two of the following:
eV|at|On of 5 units? Sample sizes: [
.. ) Values of the maximum
In Minitab: Stat > Power and Sample Size > difference between means: [5
One-Way ANOVA > Power values: [T & 7 .8 9 35
Number of levelsEnter the number of levels (e.g.
4)
Sample Sizedeave blank,
Values of the maximum difference between meanstandard deviation: |5 Options...
Enter the difference between the largest and
3 Help 0K I Cancel
smallest level means you are trying to detect (e.q.4| |
5)' One-way ANOVA
. I Alpha = 0.05 Assumed standard deviation = &
Po_wer ValuesEnter the deswggj prolbab|I|ty of e S
being able to detect the specified difference (&.9. Sumple Margek Max imum
or 50%, .95 for 95% 38 Means Size Power Actual Power Difference
f 1 f 1
Standard DeviationEnter the estimate of the i: 12 8 Zg 82;;;;; 2
population standard deviation (e.g. 5) ] §E 7 e s
> Options: Significance levelDefault is alpha 12.5 23 0.80 0.803863 5 +——
(G) Of 05 12..5 30 0.90 0.907115 5
T 12.5 36 0.95 0.953837 5 +—
Results: See Minitab table at right that The sample size is for each level.

displays the Sample Size for each target Poweré/akample size of 36 to be 95% confident of
detecting a difference of 5 units when the standardation is 5 units. Only 23 samples (data ®int

needed to be 80% confident in the shift.

Rev 2.71 © 3M 2004, 2005 — Al rights reserved.MAIC Six Sigma Guide - v2-71.doc

Page 73



3M Six Sigma DMAIC Guide Book Table of Contents Link

Excel Examples

“Sample Size Calculator.xls” is commonly useddetermining audit sample size. It is found in the
Information & Tools Database.

» Attribute Audit — Assume an infinite population and | suspect thatdatabase is 98% accurate

(match). | want to be 90% sure that this is truthiww 5% (or I'm 90% confident I'm between 93% to
103% accurate).

Attribute SAMPLE SIZE Calculator
My best guess at the "true" percentage is 98| (If unkown, enter 50)
| want to be % confident that my estimate is within +/- 5
My population is about this big: 0f(Enter O if it's essentially infinite)
n :l 22|

« Continuous Sample- | want to detect a shift of 10 units in a contins Y when the standard
deviation is 25 units. | want to be 95% sure thexse been a change in Y.
Continuous Data SAMPLE SIZE Calculator

What is the standard deviation of Y? 25
| want to be % confident that my estimate is within +/- 10

My population is about this big: Of (Enter 0 if it's essentially infinite)
n :| 25|
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D. Statistical Tests

Which Statistical Test Do | Use?

The following statistical roadmap provides a stuoetl approach to statistical tools. The tool tabed
is dependent on the type of data (continuous vetisgsete).

Data Description Hypothesis Graphical Test
Tool
| B | Discrete X H,: Factors
o | 28 Discrete Y are 2 II\I_ut - Chi-Square
Sl A R independent pplicable
:!H:!: . H
P o Y . rarcer | BOXPlOL |
. compared to o: .= large Dot Plot -ampie
target/goal
o 2 levels of Box plot,
B, EE RS :
e . Discrete X, Ho: iy = s Dot plot, 2-Sample t
W% Continuous Y Main Effects
3+ levels of Box plot,
Discrete X, Ho: my=...= Dot plot, ANOVA
Continuous Y Main Effects
Continuous X;
) Hy: Slope =0 Scatt!ar plot, Regression
Continuous Y Matrix plot

How Do | Stack My Data?

Hint: It's easier to get useful graphs and analysesnvaiata are in same column (e.g. single column for

Y, one column for each X).

In Minitab: To stack data in Minitab:
Data > Stack > Columns > Stack the following colen8elect the columns you want to stack; Column of

current worksheetEnter the name for the output (Y) column; Stotesstipts in:Enter the name for the input
(X) column; Check the “Use variable names in suipgaolumn” box
Results: Data will be stacked in one column for X and onkicm for Y.
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Chi-Square

Chi-Square is a test to see if a discrete inputa() discrete output (Y) are independent.
* H, presumes they are independent
o Hy Data ardndependenfe.g. Color preferends notinfluenced by gender)
0 Hj Data ardbependente.g. Color preferenas influenced by gender)
o Example: If gender and color preference are independmarcent of women who prefer blue
should be approximately same as percent of menpndfer blue.
» Chi-Square test determines statistical significar€hi-Square statistic is based on expected and
observed frequencies (and the number of

2
categories for X and Y). For example: [Observed- Expected J
o Countobservechumber of: xzz E fed
=  Women who prefer blue and women Xpecte

who prefer red
= Men who prefer blue and men who prefer red
o Determine number that would b&pectedf gender and color preference were independent.
0 Use Minitab’s Chi-Square test to calculate expeaigmber and p-value. If p-value is < 0.05,
reject H,

» Expected frequencies for each group must be atfigador the Chi-Square to meet assumptions
« In Minitab: To calculate Chi-Square in Minitab:

Stat > Tables > Cross Tabulation and Chi-SquarewRas “Discrete X”; Columnsis “Discrete Y”;

Frequenciess “actual” values; Display:Check the “Counts” box; Chi-Square.Check the “Chi-Square

analysis” and “Expected Cell Counts” boxes

Results: Look for p-value to see if should reject null hylpesis.

Blue Red Total

Women 72}( 60.4% = 45.3(380 x 60.4% = 229.6 275 (60.4%)

Men |75 2\39.6% = 29.7/380 x 39.6% = 150.3 180 (39.6%)

\
Total 75 380 455

Rows: Gender Columns: Color

Blue Red A11
Men 48 227

45.3  229.7
Women e 153

29.7 150.3
211 75 380 455 -

75.0 380.0 455,04 7

Cell Contents: Count
Expected count

Pearson Chi-Square = 0.47a6, DF = 1L P-¥alue = 0.490
Likelihood Ratio Chi-Square = 0.481, [OF P=Elue = 0.458
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Examme: Chi-Square Test: disagree, neutral, agree
. . . . Expected counts are printed below observed counts
. QueStlon: Did my prOJeCt shift the Chi-Square contributions are printed below expected counts
survey results to a more pOSitive disagree neutral agree Total
1 50 22 15 87
outcome? 43.75  23.37 19.89
0.893 0.080 1.200

Results: No significantchange in results 5 - - - -
of survey (satisfaction) between survey 1 e 2300 2001
and 2 (P-Value = 0.115). ’ ’ '

Total 88 47 40 175

Chi-sq = 4.322, DF = 2,(P-value = 0.115

Pie Chart of Survey 1 vs Rating  Pie Chart of Survey 2 vs Rating
17.2%

Agree 28.4%
Agree
43.2%
Disagree
_ 57.5% 25 39 .
Disagree Neutral
Neutral

28.4%

« Same Question Different Data and Chi-Square Test: disagree, neutral, agree
Different Result: Did my prOJeCt shift Expected counts are printed below observed counts
the survey results to a more positive Chi-Square contributions are printed below expected counts

outcome? disagree neutral agree Total
1 50 22 15 87
- Qignifi i 31.92 26.77 28.31
Results: Slgnl.flcant' change in results fhae  ERull R
of survey (satisfaction) between survey ) 2 2 20 o
1land?2 (P-Value = 0000) 20.08 25.23 26.69
10.870 0.902 6.642
Total 62 52 55 169
Chi-Sq = 35.768, DF = 2,
Pie Chart of Survey 1 vs Rating  PigClrartof-8urvey 2 vs Rating
17.2% 14.6%

Agree Disagf
48.8%

— Agree

Neutral 36.6%
Neutral

Chi-Square Comments:

» Can be useful for discrete Y and for highly skewedtinuous Y.

» At least 80% of expected frequencies must be > Efo-Square Test to meet assumptions.
o If expected frequencies are less than 1, Minitdbnei calculate a p-value.
o Categories can be combined to overcome this issue.

» Data should be gathered to assure randomness +éefvather hidden factors (Xs).
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1-sample t-Test

1-sample t-Test is used to compare a continuoysio(lY) averagey() and a specific value (e.g. target,

goal, belief).

* The testis a Signal-to-Noise ratio that compaagspde averages to what would be expected if H
were true.

o Signal is the difference between the average aget@ — Target).
o Noise is the standard deviation of the differences.

» Data should be stable and normal. Test still perfowell with moderate departures from normality
» See the following roadmap for how to conduct artysle t-Test.

Analyze Roadmap -1 Sample t-Test

Comparisons
Involving discrete X .
withi 1 Lavel Minitab What to look for or ask
! I-MR Control Chart :
-~ Stat > Control Charts > Variables Is the data stable over time?
SFUdy S_tab"'ty Ghaforndlddiets s 1R Look for any trends or
(if applicable) JbEE
{Optional: VR Options > patterns.
Stages » Define Stages is “X")
Normal Probability Plot = = =
! Graph = Probability Plot » Points should fall on a straight line
Muitipl e
Study Shape Guaph Varlablo is “¥": ,| on the normal probability plot (fat
Categorical Variables is “X" pencil test). t-Tests will still work as
Distribution = Data Display; s
Check off Show Confidence long as the data is not badly skewed.
Interval
v
’ Doftplot, boxplot, etc. i :
Graphical St el i e Provides a plctu_re of the
Analysis Graph > Boxplot » Simple » data. Does the signal look
Graph Variable is “Y"; = =
it st ol Va1 large relative to the noise?
v s;fg?:gg;;;::it p-value = % chance results could have
Study Centering 1-Sampie t been produced by population with
Samples is “Y”; mean equal to Target value
Tast Mean is “Tamget” »
{Optionai; Graphs Check | | ===
Histogram of Data, Individual Small p-value {<.05) > Mean not equal

Value Plot and Boxplots of

to hypothesized Target value

Data)
Test of mu =5 vs not = 5
Variable N Mean &tDev §&E Mean 95% CI
Time 20 4.76000 0.42846 0.09581 (4.55947, 4.96053)

t-statistic — Signal-to-Noise ratio

p-value — there is a 2.2% chance that our results could have been
produced by a population with a mean of 5. Therefore, Reject Ho.
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2-sample t-Test

2-sample t-Test is used to compare a discrete {fuwvith two levels (e.g. Supplier A and Suppl&x
and a continuous output (Y). 2-sample t-Test anst® question: is the mean of Supplier A diffiere

than the mean of Supplier B?

The test is a Signal-to-Noise ratio that companeswo signal= X. - X. Noise=0. _ =
sample averages to each other. 172 X%,
o0 Signal is the difference between the two averages |iy).

o Noise is the standard deviation of the differences.

t-Test makes two assumptions: data are stable@madal. t-Test still performs well with moderate
departures from normality

Sample sizeloes nothave to be equal.

Example: Common use of the 2-sample t-Test is with initiad éinal (or improved) capability.
Question being asked is — did my project produshifain the performance of the process?

Ho: Initial capability = Final capability

See the following roadmap for how to analyze ar@se t-Test.

o2
i
n

- +
N= |qu
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Analyze Roadmap - 2 Sample t-Test

Comparisons
Involving discrete X .
it 3 Ll Minitab What to look for or ask
! I-MR Control Chart :
- Stat > Control Charts > Variables Is the data in each group stable
Study Stability Chart for Individuals > I-MR  —»  gyer time? Look for any trends
(lf a Iicable) Variables is “Y™ : ¥
pp (Optional: I-MR Options » Stages » or patterns.
Define Stages is “X")
| G'i?)ngjogb?,ﬁgﬂEymﬂﬁe Points should fall on a straight line
Graph Variables is *¥"; on the normal probability plot (fat
Study Shape Categorical Variables is “X” » il test). t Tp ts will rﬁ (k
Distribution > Data Display; pencil test). t-Tests will still work as
Clrecl:ott Sdrow Lorifiderice long as the data is not badly skewed.
Interval
w
. Dotplot, boxplot, etc. : :
Graphical Graph » Dospiot » With Groups Provides a plctu_re of the
Analysis Graph » Boxplot > With Groups ” data. Does the S|gnal look
Graph Variabla is “Y™; - =
e large relative to the noise?

L 4

p-value = % chance results could have
Study Centering 2-Sample T-test been produced by population with
Stat » Basic Statistics » 2-Sample t same mean

Samples is “Y"; Subscrpts is X" s
(Optional: Graphs Check Individual

Value Plot and Boxplots of Data) Small p-value {<.05) 2 Means not
equal to each other

Stages N Mean StDev SE Mean
Initial 20 7.8 0.873 ai22
Final 20 4.780 0.428 0.0%85

[Difference =mu {Initial} - mu (Final)]
Estimate for difference: 3.10625

(95% CI for difference: (2.61773, 3.59477) )

T-Test of difference Q(VS not =):(T-value = 13.07 J[P-value = 0.000 JOF = 26

Observed difference betwesh—
“Initial” and “Final” averages

| 95% confidence interval for difference

t-statistic = Signal-to-Noise ratio

H,: Initial average = Final average

H,: Initial average # Final average

p-value = 0% chance averages are the same. Therefore, Reject H,.
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Paired t-Test

Paired t-Test is used when comparing two pairedimoous (Y) measurements of the same process or
event. The data must be related in some way.

The test is a Signal-to-Noise ratio that companespbpulation mean of the differences to the
hypothesized mean of the differences (oftgnsHnean of difference = 0, not always).

o Signal is the difference between the twaq € o).

0 Noise is the standard deviation of the differences.

The number of data points must be the same for gaelp and organized in pairs with the same
relationship. This test looks at differences betvthe matched pairs and is therefore able torfacto
out noise that happens among the pairs.

Examples: a) Two observers collect inventory dexéhe same day. Are they the same? b) Two
testers each collect the same time to processathe part during a manufacturing run. Do their
results match? c) Two people watch the same geaglieopter drop. Do their flight times match? d)
One patient is evaluated before and after a negy tleatment. Is there a difference in the patent’
condition?

Test assumes the paired differences are indepeaddntientically normally distributed. Test still
performs well with moderate departures from nortyali

See the following roadmap for how to analyze adekifTest.
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Analyze Roadmap - Paired t-Test

Comparisons
Involving discrete X .
aith 3 Lavials Minitab What to look for or ask
] I-MR Control Chart -
- Stat > Control Charts > Variables Is the data in each group stable
Study Stability Chart for Individuals > MR —»  gyer time? Look for any trends
(lf a Iicable) Variablas is “¥” : y
pp {Optional: VR Options = Stages » ar patterns.
Define Stages is “X”')
Normal Probability Plot . - p
] Graph > Probability Plot > Muftipld Pomths shouldlfall cl))n l:E:_Is_tralgl ht I]:ne
Graph Variables is “Y™; on the hormal probabilit ot (fat
StUdy Shape Categorical Variables Is “X™ > = p : y p (
Distribution > Data Dispiay; pencil test). t-Tests will still work as
Check Of"mw long as the data is not badly skewed.
v
. Dotplot, boxplot, etc. ; :
Graph ical Graph = Do,gp.‘ow With ,Groups Provides a plCtu_re of the
Analysis Graph > Boxplot > With Groups * data. Does the signal look
Graph Variable is “Y™; - -
Coteaorical Variable is “X" large relative to the noise?
- " H,: Mean of the differences in the
- Paired t-Test paired values = 0 (or reference value)
Study Centering Stat » Basic Statistics > Paired t p-value = % chance mean of the
First Sample is the “first sample”; differences =0
Second Sample is the “second sample” [ —
(Optional: Graphs Check Histogram of ;
Differences, Individual VValue Plot and Srl?gll:!i\?e :ﬁlugn(': C?g)alzl) eES) T%rfgrce
Boxplots of Data)
Boxplots of Data, I‘};rence value)

M Mean StDew 2E Mean
Time Kesper 1 51 1.63059 0.3%5699 0.0555%9
Time Keeper 2 51 1.58708 0.408321 0.0571A
[Difference Hl: BOESEEES O0REEE4N IR Dl?DtSZj

[95% I for mean difference: (0. DD9259, D 077800 )
T-Tezt of mean differen = ve not y:lT-value = 2. 55](1_3 Value = 0.014]

Observed difference between Time
Keeper 1 & Time Keeper 2 paired values
95% confident the average for the

differences lies in this interval

t-statistic = Signal-to-Noise ratio

H,: Mean of the differences in the paired values = 0
H.: Mean of the differences in the paired values # 0

p-value = 1.4% chance the mean of the differences = 0. Therefore, Reject H,,.
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Test for Equal Variances (a.k.a. Levene’s Test)

Test for Equal Variance is used to compare theldity of a discrete input (X) with two or morevigls

(e g. Supplier A and Supplier B) and a continuouipot (Y).

Test for Equal Variance makes two assumptionsa deg stable and normal. Test for Equal
Variances still performs well with moderate depagsufrom normality

» Sample size does not have to be equal.

» Variance testing requires a relatively large sampe — e.g. 20-30 samples. Smaller sample sizes ca
be used but the sensitivity of the test decreaBagdure to detect a difference with a small sample
does not necessarily mean no difference existgaier the sample may be too small. In the case
where variability needs to be validated a good s@aple must be obtained.

» See the following roadmap for how to analyze a T@sEqual Variance.
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Analyze Roadmap — Test for Equal Variance

Comparisons
Involving discrete X

with 2 Leveis Minitab What to look for or ask
| I-MR Control Chart :
- Stat > Controf Charts > Variables Is the data in each group stable
Study Stability Chart for Individusls > IR —» gyer time? Look for any trends
(if applicable) i RATHE B T )
pp (Optional: MR Options > Stages > or patterns.
Define Stages is “X")
Normal Probability Plot - - p
] Graph » Probability Plot > Multiple POInths should Ifa" (l;n :: Is_g_tral : ht I]‘I'ne
Graph Variables is “Y"; on the normal probability plot (fat
StUdY Shape Cateqorical Variables is “X™ » : P B y 5 (
Distribution > Data Display; pencil test). t-Tests will still work as
Gheck-oR Show Contidercs long as the data is not badly skewed.
v
. Dotplot, boxplot, etc. ; ;
Graphical Grapit > Dotplot » With Groups Provides a plctu_re of the
Analysis Graph > Boxplot > With Groups * data. Does the signal look
Graph Variable is *Y”; " -
Categorical Varisble is “X” large relative to the noise?

p-value =% chance results could have

v Test for E | Vari been produced by population with
estior equal variances same standard deviation
StUdy Spread Stat > ANOVA > Test for Equal Variances e
Response is "¥"; Factors is "X Levene's Test: Small p-value {<.05) >

Variances not equal to each other

Test for Equal Variances for Results
F-Test
Test Statistic 5.15
Initial 4 I { P-4alie 0.001
a2 Levene's Test
=1}
3
2 ) P-4alie 0.002
Final 4 —e—
D.I2 D.I4 D.IIS D.IEI 1.ID 1.I2 1.I4 1.I6
95% Bonferroni Confidence Intervals for StDevs
L
i
m
4 5 6 7 5 B 10
Results
H,: Initial variance (or standard deviation) = Final variance (or standard deviation)

H,: Initial variance (or standard deviation) # Final variance (or standard deviation)

p-value = 2% chance variances are the same. Therefore, Reject H .
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Analysis of Variance (ANOVA)

ANOVA is used to compare a discrete input (X) witto or more levels (e.g. Supplier A, Supplier B and
Supplier C) and a continuous output (Y). ANOVAwaBss the question: is Supplier A mean = Supplier
B mean = Supplier C mean?
* Residuals are the difference between what is obdead what is predicted.
0 ANOVA makes predictions for each factor level. diceed value for an observation from a given
level is the mean of all observations at that level
o Residual for a given observation is difference leetwthat observation and its predicted value
(Residual = Observed — Predicted).
0 Residuals analysis helps validate assumptions inatie analysis.
e Statistical assumptions are made:
o Standard deviation is the same for each levelefaltor.
0 Residuals should be normally distributed.
0 Responses are independent and normally distributed.
= If data are collected over a very short time petiate is a risk of dependent means.
= Randomization and adequate sample sizes usualtessithis.
» ANOVA is very robust to moderate departures frommmality.
» See “Residuals — Model Adequacy” for discussiomesiduals.
» See the following roadmap for how to analyze an AMQest. See the following page for
interpretations of the results.

Analyze Roadmap — ANOVA

Comparisons
Involving 2+ Levels

of 1 discrete X Minitab

What to look for or ask

Boxplot, dotplot, etc.

X

Graphical

Provides a picture of the

Graph » Boxplot » With Groups )
. Graph > Dotplot = With Groups »* data. Does the signal look
Analysis Graph Variable is “Y"; large relative to the noise?

Categorical Variable is "X

3. Residuals versus fitted values plot:

I 1-Way ANOVA
: One-Way = e =
Study Centerin Hy: pa= pg = pic
y 9 ANOVA
and Stat > ANOVA > Small p-value {<.05) > Means Not Equal
Check One-ws_.-y
i : Respanse is "Y™; 1. Normal Probability Plot: Data should
ssumptions: i
Normality Eactor is "X follow a straight line (fat pencil test). If data
Stabili . %’_;ﬂﬁ;’e’d‘ i:fer are badly non-normal, seek assistance.
by e 2. Residuals versus data order (Time
Constant variance Boxplots of Data and - : >
Four in One boxes series): Is the data stable over time {if data
collected overtime)? Look for any trends

or patterns.

Plot should show consistent variability.
Opening megaphone pattern may indicate
the need for a transformation (seek
assistance).
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+ With one-way ANOVA, we ask the question, “Is variation among Script averages
(signal) large when compared to variation within Scripts (noise)?” “F” statistic is
Signal to Noise ratio.

+ p < 0.05, meaning we reject Hy and conclude at least one Script mean is different.

One-way ANOVA: Sales versus Script

Source DF 58 M3 F P
Script 4 679.83 1e%.%c 30.87 [|0.000
Error 30 1s5.14 5.50

-, [ n i 1 i
Total 34 844.97 R-Sq is % of variation in Y

that can be explained by X
5 = 2.346 |B-Sqg = 80.46% R-Sg(ad]) = 77.85%"/

i i ifi ?
Practical Significance? | Individual 9%5% CIs For Mean Based on

Difference in Means S

Level R R iR S ER R SR R
A (s
B e e
C (m== =)
Current [———=F——=1
D prsestisny

e S R e s e

8.0 1z2.0 le.0 20.0

Fooled StDev = 2.346

Residual Analysis

Residual Plots for Sales
N MNormal Probability Plot of the Residuals Residuals Yersus the Fitted Values
Fat pencil " . X Should have
. 4
—_— a0 -
test — Normal * 3 L ° | || equal spread in
plot should iw 2 e . . e
-4 & il * ®
1 f(')antT' 0 .- sip: T 2 direction
stral Ine . " L] " *
g ! -5 Sk 0.0 25 £0 = 10.0 125 150 17.5 20.0
Residual Fitted Yalue
Histogram of the Residuals Residuals ¥ersus the Order of the Data
5 12
Histogram 4 Should look
w 9
£ T 2 —
should look £ . E 1 ﬂ e ]\ . random — no
normally £ il J ¥ Wj V 1 special
distributed : i \N .\/ v causes
0 -d =E 0 z 4 E 1 g 10 15 20 25 20 E
Residual Observation Drder
Residual Plots for Sales
Normal Probability Plot of the Residuals Residuals Yersus the Fitted Valu;s\
. s 4 N
Fat pencil 3 = ) z\
test — Data . [} T Unequal spread
not a very in g » in vertical
# % a i ] £ -
straight line = oot direction
2 § }
o 25 0 B3 ) 10 2 0 o
Residual Fitted ¥alue
Histogram of the Residuals Residuals ¥ersus the Order of the Data
g il Does not
Histogram — . i . appear
some data s. e g random -
points are £y & 8 special
skewed ) ull il {0 = causes exist
=1y 0 15 30 45 1) 1 10 20 30 W FOoo80 50 100
Residual Observation Order
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Main Effects Plot

The Main Effects plot is a good graphical represiom of the ANOVA results. It allows comparisarfs
a discrete input (X) with two or more levels (eSgipplier A, Supplier B and Supplier C) to a continsi
output (Y). The Main Effects plot is similar tdoax plot but with less detail.
* In Minitab: To create a Main Effects plot in Minitab:

Stat > ANOVA > Main Effects Plot; Responge“Continuous Y”;_Factorsis “Discrete X”
» Cautions:

(0]

Small samples can produce misleading results. ydwi® a dotplot or individual value plot after
doing a Main Effects plot.

o Don't create a Main Effects plots with continuous. XThe X-axis on a Main Effects plot spaces
all values equally, which can distort relationshgiween continuous Xs and Ys. Use scatterplots
instead.

Main Effects Plot (data means) for Sales
24~
20+
w 187
2
n
»
% 16
=
2
= 144
12 1
101
I I I I I
A B G Current D
Script
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Individual Value Plot

The Individual Value plot is another graphical eggntation of the ANOVA results. It allows
comparisons of a discrete input (X) with two or mtevels (e.g. Supplier A, Supplier B and Supplgr
to a continuous output (Y). The Individual Valdetps similar to a dot plot but tilted on its side

* In Minitab: To create an Individual Value Plot in Minitabhet select it as a graph option when

running an ANOVA test or complete the following e
Graph > Individual Value Plot > One Y; With GroupsGraph Variablesis “Continuous Y”; Categorical
Variables for Groupingis “Discrete X"

Individual Value Plot of Sales vs Script

254 ®
®
-
204
£ 1 ] e e
™ a0
@ 1
0
a0
w 154 o ® @
15 ™
)
o i
10 @ @ ®
L ) L ]
e8 @
5_ 1 I 1 1 1
A B C Current D
Script

Please note:If the Individual Value Plot is done as listed above,dhaph above will be
displayed. If the Individual Value Plot is selaettes a graph option within ANOVA, the
following graph will appear (difference in graplstiie means are identified and connected).

Individual Value Plot of Sales vs Script

254 ®
204
L]
-1
® 15-
(71
104
e &
5]
1 1 1 1 1
A B C Current D

Script

Page 88 © 3M 2004,2005 All rights reserved. — DMAIR Sigma Guide - v2-71.doc Rev 2.71



3M Six Sigma DMAIC Guide Book Table of Contents Link

Regression/Correlation

Correlation is the strengtf the linear relationship between two continueasables. (Correlation does
not prove causation.)
* Regression (also known as Correlation) analysassstistical technique used to investigate and
model the relationship between continuous variables
o Simple Linear Regression relates one continuoustiX @ne continuous Y.
0 Multiple Linear Regression relates more than ongioaous X with more than one continuous
Y. The Matrix Plot can be used to visually asgesssible relationships.

* Model parameters(e.g., estimates of slope and intercept) are éthusing the method tdast
squares
o If there is no correlation, the best fit is y)=
0 The line created by Minitab has the formula Y = imX

Y=b+mX
b = y-interceptif X=0

m = slope of line = rise
run

Y — Rise
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Residuals — Model Adeguacy

Residual = Actual Value — Predicted Value

* Modeladequacyis checked by reviewing the Sh
guality of the fit and checkingesiduals.

(0]

« R?is the Coefficient of Determination — the propontiof variability R2 —

Residual is actual value minus predicted value . |
(the line). Residuals may be negative or ¢

positive. a5 ]

Residuals are used to check for model

adequacy because they tell us if key wi¥ s
assumptions are met. GO

Residuals should have constant variance, be nordiatributed, and be in control over time.
Residual evaluation is an essential step in a ssgre analysis. It gives you a warning sign if the
fitted model is not appropriate. SS

Regression

explained by the regression model. SS

o R?is a useful measure for assessing the fit (highieetter). Total

o High R does not guarantee a good fit! Always graph tita.d

o Low R? does not mean the variable is unimportant! Aglas p-value is low, only means there
are additional important X’s.

o How high R should be depends upon type of process and diaig $teidied. Greater than 70%

*  R%gusteq Statistic:

(0]

(0]

(0]

is often considered good for transactional projects 1+
RZ

R? increases when any factor is added to the modef & the
factor does not explain a significant amount ofatén. Rios
Rzadjustedadds a penalty for keeping insignificant factorshie

model.

Note relationship betweerfAnd F?adjustedas the number of factors—2
in the model increases.

p ——>

» Higher-order models of Regression — If the Residuals versus Fits fliots a parabolic shape (e.g.
smile or frown), a higher order model may be needed

(0]

Minitab’s Fitted Line Plot will allow a quadratietm. The fitted line plot also allows a cubic
term, but it often results in “overfitting” the @atDo not use it without consulting your Black
Belt or Coach.
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Pitfalls of Regression:

o Do notextrapolate to predict Y at levels of X that haven’t been &dde.g. studied advertising
spend between 100 and 200 — can not extrapolatesates will be at advertising spend of 400)!!
You can use the model to predict for values withmarea of study.

o Waitch for the influence of a feawtlier values.

= |f the outlier is aad value then the model is wrong. However, if the outigereal, it
should not be removed. It is a useful piece oA datthe process. Refer to your notes or
other information to understand the outlier. Eatdumodel with and without outlier to
determine its effect.

= |f the outlier is arextreme value it may be artificially influencing the result®efer to
your notes or other information to understand ttteeene value. Evaluate model with
and without the extreme value to determine itseefféf your conclusions change
significantly, the point is too influential and shd be removed. Also be careful about
interpreting the results when there are large gapse X's that cause the extreme values.

0 Be aware ofnonsense” relationshipsor wrong conclusions. The predictor input “X” dedo
be known to evaluate the response output “Y”.

0 Poor MSA on input (X). Just like a good MSA is importamt the outputs, good data is needed
for the inputs.

Analyze Roadmap — Regression

Comparisons
Involving 2 Minitab What to look for or ask
Continuous
Variables
v Fitted Line Plot
Graph the ng:r:e’:i?;zsg;g: * _| Is there arelationship between the two factors?
Relationship Response Is “Y*: Does a linear relationship describe it well?

Predictor is “X”

v

Evaluate model
significance

Regression
Stat » Regraession

= Regression;

Response is “Y™;
Predictor is “X”

1. Ho: Slope of line = 0 (small p-value means slope is
not0, and there is a relationship between the 2 factors)

2. How much variation is explained by the model?
{higher R?2 means more variation is explained)

Check
Model Adequacy
and
Check

Assumptions:
Normality
Stability
Constant variance

Residual Plots
Stat » Regression »
Fitted Line Plot;
Graphs Check the
Residuals for Plots
- Standardized and
Four in One boxes

1. Normal Probability Plot: Data should follow a
straight line (fat pencil test). If data are badly non-
normal, seek assistance.

2. |I-MR Chart for Residuals: Is the data stable over
time (if data collected over time)? Look for any trends
or patterns.

3. Residuals versus fits plot:

a. Graph should appear random. If a frown or smile
can be seen, the linear model may not be adequate
and a quadratic model may be needed.

b. Plot should also show consistent variability.
Opening megaphone pattern may indicate the
need for a transformation (seek assistance).
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Regression — Fitted Line Plot

Linear equation can be used to predict average
values for sales for different levels of advertising.

= 5
Eed el & Resg shows-amount of
[ Sales = 215.7 + 0.3188 Advertissments | variability explained by
- . 5 ot | linear equation. For
R-5 TR.E%
G s example, 76.8% of sales can

255 be explained by amount of

money spent on advertising.
Remaining 23.2% is due to
other X’s.

R-Sqg(adj) shows amount of
variability explained by
linear equation with a
reduction for each term (X).

250 4

245 4

Sales

240 4

2354

230 A

&0 T 80 o0 100 110 120 130 140 150
Advertisements

Regression — Minitab Session Output

The regression equation is . _
Sales = 214 + 0.319 Advertisements H,: Slope = 0
Y = b_+ m X H,: Slope # 0
Predictor Coef SE Coef T P
constant 213.714 3.879 55.09 0.000 p-value < 0.05

Advertisements (¥X) ‘0.31880 0.03736 8.53 [0.000 Therefore, slope of regression
L
line is hot equal to zero.

g = 3.76721 |R-8q = 76.8% R-Sq(adj) = 75.7%

Note: If more than one X was

Analysis of Variance studied (e.g. advertisement
dollars and number of

Source DF 88 Ms F 5 demonstrations), a separate p-

Regression 1 1033.7 1033.7 72.83 value would have been given for

Residual Error 22  312.2 14.2 /_/ each X studied.

Total 23 1345.9

p-value < 0.05

Therefore, slope of regression line is not equal to zero.

Note: Regardless of how many X’s are studied, one p-value is given for the
entire equation.
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Residual Analysis

Fat pencil test —
Normal plot
should form a
straight line.

Residual Plots for Sales
Normal Probability Plot of the Residuals

Residuals ¥Yersus the Fitted Yalues

Percent
n
=1

Standardized Residual

Should have
equal spread in
vertical direction.
Look for pattems.
(See pictures
below.)

e =1 a 2
Standar dized Residual

Histogram of the Residuals

Histogram
should look
normally
distributed.

Fitted Yalue

Residuals Yersus the Order of the Data

4.8

3.6

2.4

Frequency

1.2
|

Standardized Residual

-

=

-

=2 = a 1
Standar dized Residual

2

8 100 12 14 16 18 200 22 24
Obsery ation Order

+ Should look random
- ho special causes.
Residuals that
appear out of
control should be
studied further.
Possible out-of-
control issues
include
measurement
systems error,
incorrect data entry,
or process upset

This plot is onl
relevant if the aata
are entered in time
order.

L szt throughout.
L 22t < |s Model is adequate

> Residuals have no obvious pattern. Variation is consistent

-

> Residuals show curvature; may need a higher order model
> Model is inadequate — try a higher order model (e.g. quadratic)

increases

Residuals show a funnel pattern; variance increases as Y

- Model is inadequate — see coach!
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Matrix Plot

The Matrix plot is a good tool to visually assessgible relationships between multiple continuous
inputs (X’s) and outputs (Y’s). The Matrix plotshis scatterplots of all continuous variables versus
each other. It can guide you to which continucaisables to include in a regression analysis.

In Minitab: To create a Matrix plot in Minitab:
Graph > Matrix Plot > Simple; Graph Variablegre all of the continuous variables you wish tonpare
Results: Read the Matrix plot by finding the intersectmitwo continuous variables.

Matrix Plot of Area, Elevation, Grade, View, Price

0 160 a0 0 5 1
) 1 1 1 1 1
..t .' ™ ™ .. I.I
184 —_— @ gu". I . . |l ‘ﬁi
ge 20| Sedwe g ept L@l ge
- ] = . - 5 K >
... = N .s:. .= - .f.: - =0
s P . ) .’ - o & .t e @
cam Se Elevation @0 gam |ag 8 |8 g e ge[1D
55 M 8 [ ] [ ] 10
et 3 . » =
[ ™ - * o o & .
ety ".' . =y - :. Grade :: . W,
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Analyze Phase — Completion Checklist

O Failure modes of X's, suspected critical X's, aalhtionships between X's and Y'’s identified and
validated with data.

Possible improvement ideas beginning to formulate.

Project charter updated to reflect new information.

Subject matter experts involved on project team.

If you have a question, ASK!

OoOoOono
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V. Improve

Improve Phase Purpose:

* Quantify the relationship between the critical itgp(X’s) and
outputs (Y’s).

* To prove which Xs produce variability seen in Y’s.

» To test potential solutions before implementingaggrand scale.

» To verify that the proposed solutions are effectwe/or to
determine which options are needed.

Table of Contents Link
The Roadmap

Define | Measure
— —

Analyze
—

Improve
T —

Control
o —

Improve Phase Goals:

» For the suspected critical inputs (X’s), identitysgible improvement options.

* Actively experiment to manipulate the inputs antedaine their effects on the outputs (Y’s).
“Critical” variables are identified during this pess.

» “Experiment$ are the backbone of this phase. Can includdagikimulations, DOEs, etc.

» Identify “Critical” inputs to control. Fix X's abptimum settings. Adjust X's to control Y.

A. Potential Risks of Skipping Improve Phase

Due to various risks associated with implementimgnsolutions, the Improve phase should not be

skipped. Need to determine if the potential barfiweighs the risks:

* Time—- Amount of time required to create, implement arantain the solution

» Cost- Financial investments associated with implenmgntine solution

» Complexity— Solution may be intricate or interwoven withatlprocesses. Understand if change
will slow people’s jobs or make it harder to monito

» Backfire Potential— As a result of the solutions implemented, tloengld be unexpected, undesired
results.

Improverment
Ideas

-

Iz there rick.
associated with “just
doing "?

I Lwo

Implement idea
“Just Do I

Has it ever
been done
before?

Lno

Experiment with idea
in Improve phase

i No
Does process execute often | > ‘%3

Is data i
available?

=

enough to experiment?

l‘l}Yes

0
2 i ; No | Is it possible to change | No Is it possible to
= | Is it possible to change : No
.g the Xs back and forth? the process for_ SOME simulate the
2 of the executions? process?
@Yes @Yes QYes
2 Does Cost of No Does Cost of No Does Cost of implementing Q
& | implementing solutions |:> implementing solutions ' solutions without
= | without experimenting without experimenting experimenting outweigh
S loutweigh cost of a DOE? outweigh cost of a Pilot? cost of a Simulation?
JlYes I 1lYes JlvYes
Run DOE Run Pilot Study | RunSimulation || Review
{with verification run) {with structured walk thru) Solutions
with Experts
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B. Potential Tools for the Improve Phase

There are several tools available for this phaspedding upon the nature of your project. (See the
appropriate sections for more details.)

Just Do It! (Potential Quick Hit)
0 Whatitis Implementation of low risk ideas
0 When to useOnly when risks are extremely low
Business Process Redesi(BPR)
0 Whatitis Use of additional tools to completely overhdnd process — significantly changing
how work is done.
0 When to use When current process is so badly broken or fththat only solution is to create a
new process. (See BPR section).
Lean “Improve” Tools
o0 Whatitis Set of tools to improve process flow or elimmataste
0 When to use When trying to improve the flow of a processbminate “waste”
Structured Walkthrough
o Whatitis Role play a real-life situation with proposednbes.
0 When to use Use before a pilot to validate a new or redesigprocess. (See BPR section.)
Simulation
0 Whatitis Formal modeling of new process with software.
0 When to use When you can't afford to run a formal experimenpilot study and data is
available. (See Simulation section.)
Pilot Study
o Whatitis A small scale implementation of proposed sohutio
0 When to use If risks (time, cost, complexity, potential béic&) are too high to proceed directly
to full implementation of improvement. (See Pi&itidy section.)
Design of Experiments (DOE)
0 Whatitis A statistically structured plan for changing Xsd measuring impact on Y's
0 When to use
= Multiple solution options exist
» Riskin implementing on a small scale
= Can measure impact of X’'s on Y in a reasonable frar@e
= See Designed Experiment section.
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C. Business Process Redesign

What is Business Process Redesign (BPR)?

Scrapping or significantly changing an existinggass. BPR is about flow or function of X’s through
DMAIC. “Disconnects” are identified as flow or fation “problems.”
* Process Re-design — Current work process does et pnoject goal.
0 BPR may be understood from the start of the project. Adigm shift or system change is required —
more than just a few inputs (X's) need to be modified.
o BPR may be identified midway through the project. Discdkie inputs (X's) are not enough to
influence the change in Y or the desired outcome.
* Process Design — Desired work process does ndt exis
0 May be the situation is a rare case.
0 May be a terminal Y — task oriented projects with business cagpering decision.

When would | use BPR?

When processes are missing, ill-defined, misundedstundocumented, largely ignored, flawed, broken,
irreparable, maxed-out, fruitless, or when we cgaitthere from here.
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How do | determine if | need BPR?

Process Improvement Matrix (PIM): Use this chart with project team to evaluate theral process.

1. Use the definitions in each column (Use, Documeredformance, Control of X's, Process Owner)
to rate the process you are trying to improve. [Blager the score per column, the more chaotic things
are and the more important it is to fix it.

2. Take the scores for each grouping (e.g. Proceda, Beocess Owner) and average them to determine
an overall score for your current process. Theelatle score, the more likely you'll be redesigning
your process versus doing a “less complex” prosapsovement. Note: Regardless of the situation,
every process must have a process owner!

Process

Data

Use

Documented

Performance (Y}

Control of Xs

Process Owner

Required that
everyone follows
the same process

Complete, up-
dated regularly in
a documentation
system (IS0, REG)

¥ data monitored
using SPC, MSA-
excellent data, at
goalientitlement

Xs controlled, MSA
with excellent data|

Accountable for controlling

Xs and monitoring ¥s,
control plan audited
regularly

Many people follow
it majority of the
time

Complete, updated
infrequently

' data monitored by
process owner,
MSA-good data,
at/close to goal

Xs proven, MSA
with good data

Assigned Process Owner
monitors Y's, control of

most Xs, control plan
updated regularly

Some people follow
it some of the time

Some process
documentation,
not updated

¥ data monitored
sometimes, some
data

Xs suspected,
some data

De facto Process Owner,
|some control plan elements

documented

A few people see a
similar process

A few simple
pictures

Y performance
based on two point
compar-isons, little

data

s not known, little
data

Informal Process Owner, a
few elements of a control

planin place

Process not
recognized
(everyone does it
own way)

Mo documentation

% not monitored, no
data

Xs not known, no
data

Mo Process Owner or
control plan in place

Process Action based on scoréoverall process score
5 — improve process only if a must do (e.g. customel

legal, $'s)

4 — work on only if bridge to entitlement has cost /

benefit

3 — classic DMAIC process improvement project

2 — process redesign
1 — process design/creation (see the work as a process)

system

Data Action based on scorei(Y’s and X’s score)
, 5—use data as is
4 — improve only if necessary
3 — improve measurement / data collection system
2 — re-design measurement / data collection system
1 — design/create measurement / data collection
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PI’OCGSS {sub scale)

Develop/improve the data
collection system
(how long will it take?)

Determine whether process or
control improvement is needed

N\

Ideal
DMAIC

\| £

—

People see process and metrics

Work on improving the x's (inputs) or
re-evaluate the process/metrics

Help people ‘see’ process;
document & improve it

Develop/Improve data
collection system
(how long will it take?)

Help people
document

Determine

‘see’ process;
& improve it

whether data

collection system
improvement is needed

3

Data {sub scale)

The Roadmap

Define Measure Analyze Improve Control
. : Several
G ate, identify, P Control
az:;erred:c’e :he Xs r:::::::::! Crizch:T';Cs t:: ;;

Study the Y

e
. FMEA

Project Charter IHERAL
Variation in the
Caused by Xs

Initial

Capability
MSA;

= 4

Measurable Y

DOE,

Multi-vari Simulation,
t, MSA

Pilo

Proven Y=f(x)

BPR,  inal Control
“aitv "*

Gapaul| Plan

Monitor
the Y
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BPR Maps

* Process Map- Same as complete in regular DMAIC projects.
e SIPOC —Same layouas the regular Process Map but it includes the IBupd the Inputs and the
Customer of the Outputs.

(0]

Shows the “touch points” in which all processesa@menected. Helps us understand issues when
considering process improvements. Helps us unaetstho are the customers and their
requirements.

Clarifies who provides or receives input/output:

Supplier who provides input (X)

Inputs nouns showing what is needed to complete the ste

Process Steprerb that describes what happens

Outputs nouns that describe what the step will deliver

Customerswho receives benefit of the step’s output (Y)

* Cross-functional maps(Swim lane map) — Shows how functions, departmenmtaips or individuals
take inputs through the process steps, and thrthggbrganization, to produce outputs. Each step
from the process map is broken into the individaaks and placed in the appropriate function’s row.

¢ Recommend startwith Process Map to create “Is map”:

(0]

(0]

(0]

Can use one method to create other. Top row gkeiunctional map = boxes down column of
process map.

Process Map is required in order to identify caitiX’s beyond process improvement needs and
feeds the C&E, FMEA, etc....

Cross-functional map process disconnects can &b combine with process map critical
X's into C&E, FMEA, etc....

* Purposeof each map:

0 Process Map — focuses on inputs
= |dentifies inputs and outputs, but raiw they flow through the organization.
= DMAIC identifies critical Xs that control variabiyi of critical Y(s).
o Cross-functional Map — focuses on what do with tepu
= How the functions (departments, groups or indivisumove the inputs through process
steps and through the organization to produce ¢sitpu
» Identifies disconnects that can be X-ified
ot Process Map to
' ion S Cross-Functional “is” Process Map
ll ‘ Manufacture ‘ ‘ Ship | ‘ Install
Customer - 1T =
Function A
Function B
Function C
Function D
T
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Basic Cross-Functional Mapping Conventions

Labeling Conventions

Company / Location:
Step! 12 Numbered Erocess e
Activity! Osta,ﬂ Stop Activity { Step Ereesa Gt ———
Task Unique Task ID Date Updated:
Effective Date:
Map Humber:
Decision o
All Functions gzggtll';?l:
gtomplete the Complete the
P Step
—— InputfOutput Connect
— ( : ).7 Point
Label the output Sub-Process / Connector
arrow with the output “Go Find”
“Go To..”
@—' S S Bridge
o Database Sub-Process f Connector
Connection “Come From ...”
“Came From ...”

Process Disconnects

e What are they? Anything that negatively impacts effectivenessfficency of a process. E.g. pain
to customer, incorrect data, slow process, rewmakallel paths.

e What are sources?Internal suppliers and customers. External suppied customers.

e What are types? Process steps, process flow, and measuremegssys

e How do | document? Typically documented on “IS” maps with results simosn SHOULD maps.
Cross-functional maps usually are critical for disgect identification and communication.

¢ What are common disconnects?

Inputs Tasks Outputs Levels
e Missing or late e Missing * Not needed ¢ Overall Organization
* Not needed * Value adding e Missing or late 0 Strategy
e From wrong suppliers| « Correctresource | * To wrong customers o Policy
¢ Not meeting e Correct timing * Not meeting o Organizational
expectations (Quality, * Bottleneck expectations (external Structure
cost, timeliness) internal) e Individual Process

o Information Flow
o Process Flow
0 Input/Supplier
e Job or Task
0 Process
o Execution

e What do | do with disconnects?
o Disconnects most often describe a Failure Modenof.a
o In order to take disconnects into C&E they neeldestated as an X.
0 Those left over are usually organization issuesfeticies, business rules, established norms).
0 A few disconnects may be difficult to turn into Asd take into C&E. These need to be reviewed
carefully to see if anything needs to be put irceleo handle them.
e How do I bring disconnects to the FMEA?
0 Options include:
1. Prioritize all inputs (Xs) and disconnects in sa@&E and bring larger number forward
(e.g. 7-10) to FMEA.
2. Prioritize all inputs (Xs) on one C&E, and all dismects in separate C&E. Bring
forward top from each C&E. E.g. top 4 Xs and tdpigconnects.
3. Bring all disconnects directly to FMEA (no stoppiagC&E with Disconnects). Still do
C&E on all inputs (Xs).

Page 102 © 3M 2004,2005 All rights reserved. — DEAix Sigma Guide - v2-71.doc Rev 2.71



3M Six Sigma DMAIC Guide Book Table of Contents Link

Create Should Map

How to get from the current “is” process to theqa®ss wavant it to be:
1. Collect data on top “IS” X's and disconnects for Ii\ari analysis. Goal: Validate if X's and
disconnects are important to include/improve upotShould” process.
2. ldentify “Should” process.
o Remember X’'s and disconnects already identifieatlude skills needed, key measurements,
decisions, etc.
o Complete cross-functional process map and RACI iMatr “should” process.
0 See “12 Common Ways to Go from Is to Should.”
o Tips:
* Hybridize optimal process using a Pugh Matrix (8&&S instructions).
= Benchmark other similar processes.
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Create: 12 Common Ways to Go from “Is” to “Should”

When your team reaches the improve phase and éatsfield (with data) the X's to improve, this cam b
consulted to determine what items will be needgtkps 1-5 are less complex to implement and aea oft
found in traditional process improvements. Stefdi® @&re increasingly more complex and suggest a need
for business process redesign.

1. Eliminate unnecessary process steps
o0 Examples Unused data collection or reporting; one deaisiaker but multiple sign-offs
(approval vs. information); unnecessary routingueein departments; intermediaries or agents
o Payoffs Cycle time reduction; cost reduction

2. Merging and compressing process steps (may uspeysen instead of two or more)
0 Examples Many “routed” processes; reconciling two setslata
o0 Payoffs Cycle time improvement; accuracy improvementreriateresting work; cost reduction

3. Make steps parallel instead of sequential
o Examples Product development; acquisition; reviews aga%iffs; anything with multiple
sequential steps
o Payoffs Reduced cycle time; faster to market

4. Use a process coordinator
o Examples Where multiple disciplines need to participaesing long cycle times; acquisitions
and joint ventures; product launches; customereageats
o Payoffs Reduced cycle time; ability to meet committetedareduced lost opportunities

5. Locate task where it can be done more quickly asilye
0 Examples Centralized tasks that can better be done lgagalthnt and headquarters people
working on same process; use of NetMeeting ancdats
o Payoffs Reduced cycle times; better accuracy; reducet better cross-functional
understanding

6. Relocate work to customers
o Examples Customers enters order (online) instead of enstaservice; customers repair their
own equipment by plugging in replaceable modulst@mers supply us with forecast of what
they will order
o Payoff: Reduced labor cost; reduced cycle time; impiaecuracy

7. Relocate work from customers
o0 Examples Sell an assembly instead of a part; manageub®mers’ inventory; manage the
product application for the customer; design tradpct or the product application process for the
customer; provide customers’ quality inspection
o0 Payoffs Business growth; better customer understandiater planning and information;
strong customer ties

8. Decrease the number of alternatives for simpliaitg efficiency
0o Examples Reduce number of suppliers; reduce number drfiliigors; reduce number of terms
options
0 Payoffs: Less inventory; less communication; reduced cestef production changeovers; less
training cost; fewer errors; fewer SKU’s

9. Increase the number of alternatives (pay for prea)js
o0 Examples: Serve specialty market niches; design for specif&tomer applications; the
“customer intimacy” approach (it works only wher@ays)
o Payoffs: Higher margins for specialized service; customgtesil products and services to reach
untapped markets; close customer ties and loyalty

Page 104 © 3M 2004,2005 All rights reserved. — DEAix Sigma Guide - v2-71.doc Rev 2.71



3M Six Sigma DMAIC Guide Book Table of Contents Link

10. Make decisions early for efficiency
0o Examples: Joint demand planning with customers/distributpreduction planning to reduce
changeovers; advance production for seasonal salles, coverage planning
o Payoffs: Lower production cost; lower capacity requiremebttter labor efficiency

11. Make decisions as late as possible for flexibility
o0 Examples: Hold material in jumbo or bulk - convert or packdgerder; ship material to West
Coast - decide Asian destination later
o Payoffs: Reduced inventory; better ability to respond to dedhor market changes; reduced cost

12. Eliminate or reduce the impact of boundaries
0 Boundary types: Vertical/hierarchical; horizontal/organizationagimapany; political
o Examples: Cross-functional and multi-level teams; mechanifingeedback to management;
joint planning with customers/distributors; joifapning with suppliers; cooperative agreements
with customs agencies
o0 Payoffs Reduced cost internally and externally; redungde time; increased goal achievement;
improved communication and commitment

Validate Should Map
1. Complete “Should” FMEA to do risk analysis of impeal process.

2. Validate “Should” process map with all participausing either “structured walkthrough” or pilot
study) and update as appropriate.
o Note: May take several revisions to arrive at “optimumdgess.
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Validate: Structured Walkthrough of Should Map

1. Provide “Should” map to project team. All staketerks and people who actually do the activities
must be involved. This will check and improve frecess flow, confirm who is responsible, foster
buy-in, and get input from those who do the work.

One person role-plays each “swim lane” or function.

Make the walkthrough as realistic as possible:

(0]
0
0]

Pick an actual or hypothetical scenario (do mudtgdenarios to cover variation).
Pick a known failure from old process and validad® process is better.
Use props, pieces of paper, product, toy trucks, et

4. Follow “Should” map and record at each step:

OO0 O0OO0OO0OO0OO0OO0OO0OO0OO0OO

(@]

How long it would take to complete
How many people are needed

Key changes from IS map

Start (trigger) and end points (output)
Measurements and information required
Critical skills needed

Key decisions made

Disconnects resolved

Identify needed sub-processes steps
Document performance

Update “Should” map as necessary

Do a “gut check” — ask people if this will work ireal” world situations
Repeat as changes are made

Implement Should Process

e Transition to the new process by including:

0]
0]
(0]
(0]

* Demonstrate the process works successfully and iimarovement over the original process.

Communication

Training

Roles and responsibilities (RACI matrix, acceptapleganing)
Standard Operating Procedures, test methods, etc
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D. Lean Tools

Lean is the continuous elimination of non-valueetidiork (Muda or waste).

e Leanprimary principles

0 Flow — process runs as continuously as possible viith &r no inventory between process steps
o0 Pull — Rate of each step is determined by needs oEsdatg step

* Theseven wasteshat provide a framework for finding Muda:

O O0OO0OO0OO0OO0OO0o

Overproduction — producing more than is needed — the worst fdrmaste

Unnecessary Transport— moving material/product/information from one géao another
Excess Inventory— extra material/product/information waiting to flp@cessed
Unnecessary Motion- excess movement and/or poor ergonomics

Waiting — idle time caused by the structure of the jobyoshortages, approvals, downtime
Over/Incorrect Processing— using more steps than necessary to create agirod
Defects— production of defective material, rework

¢ Possibld_ean toolsused during Improve phase include:

Value Stream Mapping
Justin Time

Standardization

TPM

Material Flow

SMED/Rapid Changeover
5S’s (Sort, Straighten, Shine,
Standardize, Sustain)
Jidoka

O O0OO0OO0OO0OO0Oo

o O

0 Kanban

Value Stream
Map

Total Productive Maintenance

(0]

O O0OO0O0OO0O0OO0OO0Oo

Supermarkets

Production Leveling
Continuous Improvement
Takt Time Assessment
Poka Yoke

Heijunka

Customer Collaboration
Supplier Collaboration
Cellular Layout (Work Cells)
Rapid Changeover

Where Lean Fits Into Six Sigma

Improvement

Continuous

Green Belt

FEgEet Q Black Belt
Hopper
5

2y

Control
Plan

<

Project Toolkit

Design for
Six Sigma Tools

Six Sigma
Tools

Lean
Improve Tools
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E. Simulation

Simulation is a systems oriented, model-based aisaigchnique. It characterizes dynamic system
behavior. Use it when actual experimentation ficdit, expensive, disruptive, and/or time consoqi
e Easily evaluate alternatives — “what-if” situations

e Qualifies and quantifies complex systems to idgridttlenecks and constraints.

» Excellent communication tool of alternatives andisiens.

e Used for any type of process.

e Simulation models include:

o Discrete event (time-dependent)
=  Tools: ProcessModel, Witness
= Uses: What-if on constraints, operational andsaational processes
0 Monte Carlo (non-time dependent)
» Tool: Crystal Ball
= Uses: Risk analysis, new product launch
F. Pilot Study

A pilot study is a small scale implementation gfraposed solution. The intent is to verify theusioh is
effective before implementing it on a grand scale.
e Key issues to consider:

0]
0]
0

How communication will take place during and aftéot study.

Acceptance of risks by participants (potential tisgampact).

Solid measurement system in place to obtain fedd{zdear operational definitions and ability to
analyze data identified before begin pilot study)

Ability to get prompt results.

Availability of necessary resources to conduct evaluate pilot study.
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G. Designed Experiment

There are different ways to learn about a process:

e Passively— Observe naturally occurring informative evemsiifi-vari Studies). If you're lucky, an
informative event might happen while you're watchin

e Experimentally — Create informative events by proactively marafin input variables (X’s) to
study the effect on the output variables (Y’s).pEstments, if done correcthare efficient and
powerful.

Designed Experiments

e Systematic method for using data to understandecanid effect relationships in a process.

e Changes are deliberately made to inputs (Xs) temeschanges to the outputs (Ys) following the
experimental plan.

* Designed experiments take into account the inhereise (variability) in the process.

e They study the effects of simultaneously changimgerhan one X and are able to detect interactions
between variables.

Designed Experiment Goals

« Identify the optimal setting or configuration oktkey inputs (X's) for the process (by conducting a
formal experiment) and how to control those keyis(X's).

Benefits of Designed Experiments

e Provides proof to make data-based decisions

o Efficient — maximum effort with minimum amount adfine
e Cost effective

e Creates understanding and knowledge of process

* Answers questions

e Looks at multiple X’s at one time

e Identifies main effects and interactions

e Simple to analyze

e Provides a mathematical model

e Identifies which X's / interactions are importamtsignificant
e Estimates error or noise

Desirable Properties of a Designed Experiment

» Adequately covers the experimental region of irdere
» Obtains the maximum information for the minimumtoofsdata collection
» Simple to analyze and interpret
» Enable the experimenter to:
o Determine which factors are important
0 Develop a mathematical model
0 Test for model adequacy
o Estimate experimental error
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Common Experimental Designs

» Fractional Factorial — Used to initially investigate many X's (greatiean 5) and identify which are
important. (See Appendix “Analysis Roadmap — Fometl Factorial DOE”)

» Factorial — Used to identify which X’s are important andrfolimited models. Tests all
combinations of the levels (humber of settingsiwad or more factors. All combinations of the
variables are run. (See Appendix “Analysis Roadm&ull and Fractional Factorial DOE’s”)

* Response Surface Used to identify how the important X's affect tfiss and develop a model for
use in optimization, process control, and detemgrperating windows.

* Mixture — Used in formulations to identify which X's amaportant and how they affect the Y's.

Two Level Factorial Experiments

Very common factorial experiment design is the texcel.
* Each input (X) has two levels: low level and highdl
* Two levels per input helps minimize total numbercombinations
* All combinations of inputs are evaluated
« Notation used is*2
0 krepresents number of inputs
o 2 refers to number of levels of each input
o 2°is an example of a three input design with 8 corations (2 =2 x 2 x 2 = 8 combinations)
0 2°=2x2x2x2x2 =32 combinations

Planning a Two Level Factorial Experiment

* What is the experimental objective?Will the experiment answer my questions and meet my
objective?

* What are the inputs (X's)? Each additional input doubles the experiment.

* What are the input (X) ranges? Need them to:
o Cover region of interest
0 Be wide enough to see a potential desired effect
o Provide validation — represent day-to-day procesgton
o Provide development insight — explore beyond cuméndow or knowledge

» What are the outputs (Y’s)? Needto enhance understanding and aid decisions related
experimental objective. Requires an adequatartetiod.
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Common Experimental Terms

Replication— Number of times eadetof experimental conditionsis included in the experiment.

Allows true process variability to express itself.

Repetition— Multiple samples measured frazach experimental condition Provides information

about short-term process variation which can béyaed as an output if your goal is to reduce short-

term variation.

Randomization- Randomized order of gathering data. Protectssigspecial causes during

experiment.

Experimental Scope- Area (range of inputs (X’s) within which you cdraw conclusions:

o Narrow Inference — Experiment focused on specific subset of ov@raltess

o Broad Inference — Experiment addresses entire process (all pealplecations, all employees,
etc.). Generally, more data must be taken ovengdr period of time. These studies are more
susceptible to noise variables.

Noise Factors- Uncontrollable factors that increase the valitgtin the response. These must be

managed, but it's difficult since don’t necessakihow all noise factors. Use repetition, replioati

and randomization to minimize the effect of noiagiables. Try to keep the variables constant.

Blocking - Method of minimizing the effect of noise variableSlthough every observation should

be taken under identical experimental conditiodjothan those that are being varied as parteof th

experiment), this is not always possible. Nuisdactors that can be classified can be eliminated

using a blocked design. Assumption is that valitgthetween blocks should be greater than the

variability within blocks. Rule of Thumb: If isia variable that you are trying to study, cad it

factor. If it is a noise variable that you cardintrol, but know it likely will have an effect, lik it.

Centerpoints— An efficient way to test for the presence ofvatiure. Can not tell which factor(s)

cause it. An efficient way to estimate experimeateor. Centerpoint replicates can reduce the nee

to replicate the entire design - particularly usé&uthis purpose if there are 3 or more factors.

Common Designed Experiment Pitfalls

Input levels too close together or too far apart

Nonrandom experiments can produce spurious results

Sample size may be too small

Measurement systems may not be adequate

No pilot run done: Experimental runs get screwedecause of lack of discipline
Changing the design on the fly

Team members insisting that standard conditioriaddeded as points
Extraneous sources of variation not recorded

Data not analyzed promptly

Data and/or experimental units lost

Measurement system does not measure what youithdoks
Confirmation run not done to verify results

Rev 2.71 © 3M 2004, 2005 — All rights reserved.MAIC Six Sigma Guide - v2-71.doc Page 111



3M Six Sigma DMAIC Guide Book Table of Contents Link

Steps to Plan a DOE

Step 1 — Define the problem in business terms (RTY;OPQ, C-P)
» Make sure that the experiment will have tangibledfiés to your business objectives
» How will the results be implemented

Step 2 — State experimental objectives
* Typically “find the effects of X on Y”

Step 3 — Define the output (Y) variables (Responges

» Is the response qualitative or quantitative?

» Is the objective to improve centering or variation?

* What is the baseline (mean and sigma)?

» s the response in statistical control?

* How much change in the response do you want tactfte
* Is the measurement system adequate?

* Do you need multiple responses?

Step 4 — Define the input (X) variables (Factors)

» Can be controlled or uncontrolled.

* Can be from process map, C&E matrix, FMEA, Multrivgtudy results, brainstorming, engineering
knowledge, operator experience, scientific theory

Step 5 — Choose the factor levels

* Need to be wide enough to see a signal but novide to be able to see interactions
* Make sure all combinations can be sustained inymtoh

* Dependent upon objective of experiment

Step 6 — Select experimental design

» Screening Designs To isolate the “vital few” from the trivial manyinvestigates a relatively large
number of factors with a small number of experirabnins.

» Characterization Designs To identify the key leverage variables. Invgates more complex
relationships among a small number of factors (2-6)

* Optimization Designs To define the optimal operating windows for keyerage variables.

Step 7 — Plan and allocate resources

* Running an experiment cannot be done alone!

» Make sure that you have sufficient assistance fteam members and others (if necessary) to:
conduct a Pilot Run, stage materials, set-up psy@snge process settings, collect samples, ecord
data, input data, analyze data.

Step 8 — Generate and review proposal

» Experimental proposals are essential and mustrbel@ied for acceptance / input. Not all succdssfu
experiments have results that are implemented.

* You need support and understanding from the prame&ssrs to effectively implement changes from
your findings!

* Inputs from others on input level selection caneséime, money, and prevent safety issues. Make
sure that the proposal is reviewed by personnthtinee experience and ‘tribal knowledge’ for a
sanity check.
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Typical DOE Setup/Analyze

The following roadmap can be used to setup/anay2©E. Get assistance from your Black Belt or
coach before setting up a DOE!

Set Up/Analyze Roadmap - DOE

Note: Y = Output (Response); X = Input (Factor/Term)

Full Factorial -
: Minitab What to look for or ask
Design
J' Create Factorial Design i :
Set /Desi Stat » DOE » Factorial > Create Factorial Design Set up DESIQn and Identlfy
et upsbesign Number of Factors: Number of “X°s"; Inputs
DOE Designs > Number of Center Points: Enter #; {Werify that number of design
MNumber of Replicates: Enter # of Corner Point Replicates; points is what was expected)
l Factors: Type in Names, Types and Levels of “X's”
(Perform DOE) . Normal Probability Plot: Significant (p< 0.05) terms are
visually away from line and are labeled with letter.
sgr:?)loygsggfm . Pareto Chart: Significant (p < 0.05) terms are to right of red line.
4 > Analyze Factorial . Analysis Qutput: Check p-values for each term . If p-value less
Design; than 0.05, then significant.
Analyze DOE Response is “Y7"; [ a. Interaction: If combination of multiple Inputs (e.g., AB) has
%”’f}?‘*-’(‘;;‘af p-value of < 0.05, then interaction exists.
M b. Curvature: If"Ct pt" has p-value of < 0.05, then curvature
Boxes exists.
Note: If curvature exists, then non-linearity exists and you can not
use coefficients to predict results (e g., write formula).
7 . Interaction Plot: Ifinteraction {AB) p-value is = 0.05, then
Factorial Plots interaction exists and would expect lines on Interaction Plot to be
- . f‘afj:)!?f: e non-parallel. If lines on Interaction Plot are parallel, then no
aciona, aciona, s § i _
Graphical DOE Plots |nter_act|on axists. Ce.nter p0|nF appears as red square.
Enalvsi Check all 3 Plots and [~ 2. Main Effects Plot: End points of the lines show the average
nalysis click on Setup for value. If line is flat, then Input is not significant. The more angled
cach one jo.add the line, the larger the effect. Center point shows as red square.
.,w L Caution: If interaction exists, these graphs should not be used.
actors are “X's ) ’
. Cube Plot: Shows average values for each design point.
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DOE Analysis: Factor Significance

» Effect of each input (X) represents a potentiahaldgn the data.

» Given an estimate of noise in system, a signalén(@gN) ratio may be formed for each Effect to
judge whether or not the input (X) is significamoes effect stand out from noise?

* Minitab lists a p-value for each input (X) and matetion. Inputs (X’s) with a p-value < 0.05 indiea
a significant S/N ratio (a significant input (X)athresults in a change in Y)

Type of Experience

X, Effect Present No Effect of x,
G
;E L TR =
© Y W] R X, =+
(1]
t =
= X =-
&)
=
X, X%
o T K=+
e 1
o
u -
O m|v e o Y
et o -
N <
£
X =-
X; X
Pareto Chart of the Standardized Effects
Normal Probability Plot of the Standardized Effects (resporse Is Forecast, Apha = 05)
(response is Forecast, Alpha = .05) 2120
I
# Effect Type
# NotSignificant B
954 B Significant
04 Factor Name
B ‘Years of Experience
04 mE B Type of Experience E A
()
2 2: " Effects with bars beyond red
g o1 Ly line are considered
] - S e
o T g statistically significant
o L_abgled points are statistically (signal is stronger than
significant at alpha = 0.05. In , Bl . , noise)
il this example, all three terms M e :
*1 (A, B, and AB) meet this In this example, both main
b | ‘ ! ‘ criterion. effects (X's) and interaction
3 2 0o 1 > term are identified as
Standardized Effect signiﬁcant.
. ” .
DOE Analysis: Session Output
Factor Estimated Effects and Coefficients for Forecast (coded ur Factor Coefficient
Effect
Term Effect Coef SE Coe T P
Constant 8.9900 06 47.17 0.000
Years of Experience 1.8800 0.9400 0.1206 4.93 0.000
Type of Experience 1.9200 0.9600 0.1%06 5.04 0.000
Years of Experience* -1.1000 -0.5500 0.19206 -2.89 0.011

(changes in input affects response)

* Any terms with p-values < 0.05 are significant

* Type, Years, and their interaction are all significant
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DOE Analysis: Factorial Plots

» Effect plots graphically depict how each input @fflects the response.
* Main Effect Plot — Plots averages at each level of an input (XstrAight line connects the two

averages.

» Interaction Plot — Plots averages at each level of an input (X it level of a second input held
constant.

» Cube Plot- Plots cube (or square) showing averages obaltp at the given combination of input
(X) levels.

DOE Analysis: Main Effect Plots

Main Effects Plot (data means) for Forecast

“fears of Experience Type of Experience

10.0 4

9.5 4

a.0

Mean of Forecast

8.5 4

5.0 4

Less than 2

10 or maore Srrall Large and Small

Years and Type of experience have about the same effect, since
their slopes are the same. Horizontal line represents overall
average of data and serves as a reference line.

Note: If there is an interaction, this plot should not be used.

DOE Analysis: Interaction Plot

Interaction Plot (data means) for Forecast

™ Years of

e Expetience
104 st - —&— lessthan 2
e —B— 10or mare

Mean

T T
Small Large and Small
Type of Bxperience

+ People with few years of experience who have only worked on
small projects tend to forecast lower costs.

+ If someone has more than 10 years of experience, type of
projects doesn’t matter much.

+ If someone has worked on large and small projects, humber of
years has little effect.
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DOE Analysis: Cube Plot

Cube Plot (data means) for Forecast

9.56 10,34

Large and Sma

Type of Expgrience
5,54 9.57
Srrall o =
Less than 2 10 or rore

Years of Bxperierce

DOE Analysis: Checking Model Validity with Centerpoints

 The DOE model assumes a linear response curthe Butput (Y) increases along a curve versus the
input (X), a mathematical model is only valid foetendpoints. To get a predictive modelso2der
design needs to be run. If this possibility wassidered in advance the “star points” can be added
and the original design also utilized. (See yolacB Belt or coach for assistance.)

* The null hypothesis (§)lis the line does ndtave a curve (it is straight).

Center Point Analysis: Session Output

Term Effect Coef BSE Coef T P
Constant 3.925 0.133%9 29.31 0.000
Weeks after Release -0.150 -0.075 0.133% -0.56 0.600
Center -0.229 -0.114 0.1012 -1.13 0.310
staff -2.300 -1.150 0.133% -8.59 0.000
Weeks after Release*Center 0.000 0.000 0.1339 0.00 1.000
Weeks after Release*Staff 1.000 0.500 0.133¢% 3.73 0.014
Center*staff -0.150 -0.075 0.1339 -0.56 0.600
Weeks after Release*Center*sStaff 0.050 0.025 0.133%9 0.19 0.859
lct Pt 0.075 0.2045 0.37 0.729 |
1

» Analysis includes a term labeled Ct Pt. Coefficient is difference
between averages of cube points and averages of center points.

» If p-value for Ct Pt. is < 0.05, curvature exists in system. In this
example curvature is not significant since p-value is .729.
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DOE Analysis: Equations

» The DOE model provides coefficients that can beltsevrite a predictive equation for within the
experimental rangeWarning: If Center Point is significant, there is non-linéaand this equation

can_notbe used to predict.

DOE Analysis: Coded Equation

Estimated Effects and Coefficients for Response Time (coded units)
Note: Equation below is in terms of coded (£1) Ievels

Term Effect Coef SE Coef

Constant <3.9250 0.04564 85, 99
Weeks after Release 0.04564 -1.64
Center 0.04564 -5.48
staff 04564 -25.20

0
Weeks after Releazse*Sta 0.04564 10.895

Lo R e T e I s e

.000
188
012
.000
.002

Response Time = 3.925 — 0.075(Weeks after release) —
0.25(Center) — 1.15(Staff) + 0.5(Weeks * Staff)

DOE Analysis: Uncoded Equation

Estimated Coefficients for Response Time using data in uncoded

units Note: Equation below is in terms of actual levels.
Center does not have numeric values. Use —1 for East and +1 for West.
Term Coef
Constant 11.6375
Weeks after Relesases -1.03750
Center =-0.250000
staff -0.950000

Weeks after Release*Staff 0.125000

Response Time = 11.6375 — 1.0375(Weeks after release) —
0.25(Center) — .95(Staff) + 0.125(Weeks * Staff)
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Improve Phase Checklist
Did you identify and validate critical X's?

Did you verify y =106 %,%) ?
Was a process improvement plan identified?

Was a new process baseline created?

Did you get improvement needed?

Do you need to do a verification run or pilot?

Do you need to develop a training plan and contiagting?

What documentation is needed? (Operating procedtregning documentation, test methods, cross-
functional map)

What change acceptance tools are needed? Stakehollysis, RACI, WIIFM, etc

What is your measurement system?

What is your communication plan?

Do you have everything you need to sustain imprerefh

Did you address all the risks?

Are we ready to implement the improvement?

ooooooo o

oooood

Lessons Learned
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VI. Control

Define

The Roadmap

Measure | Analyze

Improve Control

Control Phase Purpose:

» Establish control plan to ensure the process ciamtig meets the
customer requirements.

* Implement changes to maintain the gains achievatdyroject.

* Meet customer requirements all the time.

* Control the critical inputs (X’s) — achieve the puts (Y’s).

o

Project Charter
i the

Caused by Xs

Control Phase Goals:

» Improve and sustain performance with well execetautrol plans. /
* Implement changes to meet project requirements.

» Control critical inputs (Xs) to achieve desiredpus (Ys).

Generate, identify
and reduce the

aaaaaaa

» Process owner and champion accept and drive chamgestilize control plan.

e GPS and PDR are updated.
* Project is completed and financials are tracked

. Control Plan

Proven
Critical Xs

A control plan is the documents that provide “Ot@psshopping” for all relevant project information.

What should be in a Control Plan?

a. Control plan summary (see ubertool): Excel spreadsheet that summaalkksy inputs, outputs,
control mechanisms, specifications, measuremehnhigues, responsible parties. Place to document
all relevant inputs (X) and output (Y) informatioBummary should include:

Critical Xs and Ys to monitor

Responsible people

Measurement system

Links to process documentation (training, SOP9, etc

Reaction plan

Audit plan

0 Review templates for ideas on components appreptdayour projects

O O0OO0OO0OO0Oo

b. “Dashboard”: One sheet for quick understanding and respagarding process performance,
much like the dashboard gages for the driver iara €Eommunicates process performance through
up-to-date control charts for process Y and ciitica, and any other pertinent process information.

Also used to show ongoing capability.
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c. Systems & Structures:

(0]

0
(0]
(0]

(0]

Control by documentation of process roles like RA@trix (graphical task documentation)
Control by standardization (common criteria useclbyrocess participants)
Mistake proofing methods (eliminate mistakes betbey occur)

Training methods and material (more than trainingctudes knowledge transfer):
* WHY process needs to be run this way
* HOW affects customers if it isn’t run this way
» WHAT it affects from product or service performanaaiability, safety, and financial
perspectives
*  WHO can assist with problems
*  WHAT their responsibility is
 HOW they can make improvements to process
* Hint: Consider pre-test and post-test to check for effeess of training
* Training Pitfalls:
0 Training plan not updated to match process impr@arem
0 Unqualified people conduct the training
o “Pyramid scheme” training: Current employee assibto process trains next
person. Second person trains the third persoiic&mprocess understanding is
lost and processes go out of control, no one knelms End up conducting
another Six Sigma project to bring the process uodetrol again.
Rewards and recognition

d. Process Documentation:

0o Documentation should include: how task is perfainvehen or how frequently it is
performed; who needs to use and maintain docunientathat information is used to make
decisions; and what needs to be measured and egcord

0 Included in the documentation are: Standard Oper&trocedures (SOPs), work
instructions, records, measurement tools/methadgpmer specifications, process output,
training materials, reaction plans, etc.

0 A process checklist can be used to assure a segjoétasks/steps are completed are critical
to process integrity.

= Examples: startup and process set point monitategklists; order entry checklist;
promotional activity checklist; hiring checklistigtdown checklist; periodic process
variable checklist.

* Not a foolproof method. Possible that checklists be completed without
performing or observing process (require a sigrimfielp with this).

= Helpful on transactional processes where obsemn&bo statistical process control
are difficult to do.
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e. Acceptance Strategies:Some process improvements are going to resultshipack. Good
deployment plans will have considered and usedablaiacceptance strategies. These include:
Force Field Analysis (Enablers/Restrainers), Stakidr Analysis, WIIFM (What's in it for me?).

f.  Friendly Audit Plan: Periodic examination of records/process enseople are using the new
procedures, that they are clear and understandaideo check for necessary updates. Set up a plan
and schedule a “friendly audit” with an independaumditor.

0 Observe the procedure
= Are people actually doing what procedure says?
= Are all steps being followed?
= Are people referring to procedure?

0 Ask questions about the process
» |s each step in procedure clear?
= How could we improve procedure and still get ressult
= Are you using your reaction plan?

o Conduct indirect observation
» How old are the procedures?
= Are they being updated?
= Are they being used?

Control Plans — Common Pitfalls

* Notinvolving affected employees in creating thegadures or not communicating background to
them.

* Not testing procedures before global implementation

* Incomplete information in procedures: can't proglgorrect value of Y measurement controlling Xs
with this plan; incomplete reaction plan, correetaction won't fix problem.

* Not having a reaction plan.

* Lowering importance of procedures — either by rpmtating them or by management not actively
enforcing them.

» Putting procedures on shelf and not implementiegth

Control Plans — Hints

* Involve your process owner and full team in devilgghe control plan to ensure agreement.

» Be sure to include training as part of your conpiah to ensure people know how to use the new
process.

» Keep it simple.

* Make it visual.

» Keep it up-to-date/current.

Steps to Create a Control Plan

Collect all process and project documentation

Prepare initial draft of control plan

Update all SPC charts and capability studies

Prepare dashboards (with instructions of how theyt@be prepared)

Identify missing or inadequate components — gaps

Prepare reaction plan

Secure sign-offs from safety & environmental, mamance, operations and process engineering
Verify compliance with company documentation regmients

. Train affected personnel

0. Conduct hand off meeting(s)

BOoOoNOGO~WNE
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Next Steps

* Conduct process owner hand-off training

* Document final capability

* Obtain sign-off from Process Owner and Champion
* Put all documentation in GPS and PDR

» Discuss replication opportunities discussed

» Do final close presentation (see BB before close)

Lessons Learned

Control Phase — Completion Checklist

Process that is in control and capable of meetusgoener requirements

Control plan with measurement plan

Deployment plan including: plan for systems amddtires, change management plan
Shared best practices

Financial gains tracked

Discuss what next steps will be on bridge to estitint

If you have a question, ASK!

OoooooOooo
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Appendix 1 — Key Terms

a Risk — Taking action when you didn’t need to. The pholitg of rejecting H when it is true (Type |
error) is equal tar.

Acceptance Strategy- A collection of methods and tools utilized tsere that changes affecting people
are successful.

Accuracy — How close is your measurement system to gettiadrtie answer.

Affinity Diagrams (AD) — A technique used for gathering large amountargfjuage data and organizing
it into natural groupings. Typically used to hekfide processes that are not completely clear.

Alias — describes the confounding that occurs in a desigxperiment.

Alternative Hypothesis, H, — The statement of change or difference. Thigstant is considered true if
Ho is rejected.

Analyze — A phase in the Six Sigma DMAIC process that §asuon analyzing with data the
relationships between X's and Y’s to identify thaspible sources of variability.

Attribute MSA — A type of Measurement Systems Analysis usedatuate the performance of
gualitative assessments.

B Risk — Not taking action when you should haygis the risk of retaining Hwhen it is actually false
(Type Il error).

Baseline— The level of performance of the process wherptbgct begins. It is used in determining
what kind of impact process improvements have wingrbemented as well as their financial impact.
How good is a process today.

Best Practice— A method or solution identified as one that pres breakthrough results and could be
used on other projects.

Bias — Describes the difference from observed valueu® value. It can be explained as the difference
between the average of all repeated measurementihpht be made on a sample at a given time,tand i
true value.

Black Belt (BB) — A process improvement project team leader whi@ised in the DMAIC
methodology and tools, and who is responsible fojegt execution.

Boiling the Ocean— A project that is scoped too large.

BP _Chart — An Excel based software package that creatdsot@harts of time ordered data. Its major
advantage is its ability to incorporate trendseasonality in a data set.

Breakthrough Goal — A dramatic, near immediate and significant inweroent. In measurement terms,
reaching a breakthrough goal represents an imprentof 60 to 80 percent of the way to entitlement.

Business Critical Y (BCY)— Key high-level business goals and/or measurssdltb focus and align Six
Sigma projects to business unit strategic directonimportant part of a Goal Tree.
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Business Process RedesighAlso known as “business process improvemehisiness process
reengineering,” and “business process design.”uBeeof cross-functional IS and Should maps to
understand, and improve or redesign a businesggsdtransactional and operational processes) to
achieve business results.

Calibration Standard — Known measure used to calibrate measuremernpragui, often traceable to a
national standard.

Capability — The total range of inherent variation in a stgirocess. It is generally determined by
comparing the process variation to the customecipations and/or by using data from control chart

Capability Index — A calculated value used to compare processti@rito a specification. Examples
are G, Gy, Py, and B«. Can also be used to compare processes to daah ot

Cause & Effects (C&E) Matrix — A simplified QFD (Quality Function Deploymentiainix to
emphasize the importance of understanding custoegeirements. It relates the key inputs (X's)ie t
key outputs (Y’s) using the Process Map as theamyrsource. The key outputs are scored for their
importance to the project. The key inputs areestdmased on their relationship to the key outputs.

Champion — An upper level business leader who facilitatesléadership, implementation, and
deployment of the process quality initiative andakthrough philosophies. Responsible for removing
roadblocks and assuring adequate resources for Siggha project.

Close— A project status where all the DMAIC steps hbgen completed (including final capability).
Financial tracking is ready to start or is in pexs.

Coefficient of Determination— R, the proportion of variation in the response das is explained by
the regression model & calculated as 1 minus the ratio of the erron sfisquares over the total sum
of squares. It is one of the criteria used to chele&ther the regression model fits the data well.

Common Cause Variation— The inherent variation in a process. It is alsvpgirt of the process and
cannot be removed except through major processfivaiitn.

Confounded— A When you have a fractional design, some offffects are confounded with each other.
That is, you cannot estimate all the effects sdplra-or example, if Factor A is confounded witle t
three-way interaction BCD, then the estimated ¢figcA also includes any effect due to the BCD
interaction. Effects that are confounded are saliktaliased.

Continuous Variable — A variable that can take on many different valuewill always be in numeric
form. Some examples are time, temperature, weight.

Control — A phase in the Six Sigma DMAIC process that @suon maintaining the improved process to
achieve the financial results.

Control Chart — A plot of data over time. The plot includes atcal line and limits that reflect the
natural variation in the process. If all plottealnis are within the control limits, the processasmsidered
to be within statistical control.

Control Limits — Upper and/or lower bounds on a control chartl tealetect special causes. They are
based on the variability of the process and gelyeralculated as +/- 3 sigma. Points outside thmétd
are interpreted as a signal that the process faageld in some way.
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Control Plan — A written description of the system to contralts and processes; a detailed assessment
and guide for maintaining all positive changes magléhe project team.

Controlled Inputs — Inputsthat can be changed to see the effect on outputs.

Cost of Poor Quality (COPQ)— Cost associated with poor quality products orises. Examples:
Product inspection, Sorting, Scrap, Rework, antdFimmplaints.

Correlation — The strength of the linear relationship betweem ¢ontinuous variables

C,.- Capability index - The ratio of the Voice of the Customer to th@dé of the Process. Indicates
how capable the process is of meeting customercéxpens. Relates the process spread (the 6
variation) to the specification spread. In otherago G relates how the process is performing to how it
should be performing. loes not consider the location of the process maative to the specification
interval. G tells you what capability your process could actidé centered.

Cok - Capability index - Like the G, indicates how capable the process is of meetistpmer
expectations. Will be lower than thg i€the process is not centered between the spatidin limits.
Minimum of G,y and G.. Gy incorporates information about both the processepand the process
mean, so it is a measure of how the process islficperforming. Note that g considers the location of
the process mean, whilg Goes not. If Gand Gy are approximately equal, then the process is oshte
between the specification limits. If,& greater than §, then the process is not centered.

Com - Capability index - Provided only when you specify a targes, Examines the process spread and
the shift of the process mean from the target amapares them to the specification spreag,does not
use the within-subgroup standard deviation.

CoL - Capability index - Relates the process spread (tbe/@riation) to a single-sided specification
spread |i-LSL). C,_ considers both process mean and process spread;,Ushen you have a single-
sided lower specification limit to compare to.

Cou- Capability index - Relates the process spread (tbie/@riation) to a single-sided specification
spread (USL). C,u considers both process mean and process spread,Wshen you have a single-
sided upper specification limit to compare to.

Corporate Y — High-level goal at the top of the goal tree. 8diporate Y's are Growth, Cost, and Cash.
All Six Sigma projects relate to one or more of theporate Y’s.

Counterbalance Y— A metric used as a checking metric. Improvemantse Project Y should not have
a negative impact on the counterbalance Y.

Critical to Quality (CTQ) — Elements of a process that significantly affeetoutput of that process.
Identifying these elements is vital to figuring dwiw to make the improvements that can dramatically
reduce costs and enhance quality.

Critical Inputs — Inputs that have been statistically shown teetawmajor impact on the variability of
outputs.

Critical X — Those few process input variables that a Sim8igroject focuses on. By adjusting the
critical X's, the process performance can realipeagor improvement.

Defect— Any characteristic that deviates outside of gation limits or customer requirements.
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Defects per Million Opportunities (DPMQO) — A measure of attribute process capability tlaat loe used
to compare processes with different levels of caxipt. Calculated by dividing the DPU by the number
of opportunities for a defect to occur.

Defects per Unit (DPU)— A measure of attribute process capability tlivitlds the total number of
defects by the number of units.

Define — Define phase of Six Sigma process (DMAIC) defittee problem/opportunity, process, and
customer requirements. The Define phase inclugtieig project goals and boundaries based on
knowledge of the organization’s business goalsoonsr needs and the process that needs to be
improved to reach a higher Six Sigma level.

Design for Six Sigma (DESS} The application of Six Sigma tools to productelepment and Process
Design efforts with the goal of “designing in” St\gma performance capability.

Design (Layout)— Complete specification of experimental condiiamcluding blocking, randomization,
replications, repetitions, and assignment of fat#eel combinations to experimental units.

Design FMEA — An analytical technique used by a design resplanengineer/team as a means to
assure, to the extent possible, that potentialfaimodes and their associated causes/mechanisms ha
been considered and addressed.

Design for Manufacturability (DFM) — A simultaneous engineering process designegtimize the
relationship between design function, manufactlitgband ease of assembly.

Design of Experiments (DOE)- An efficient method of experimentation, whicleidifies, with
minimum testing, factors (key process input vagapblnd their optimum settings that affect the mean
and variation.

Design Validation— Testing to ensure that product conforms to defumger needs and/or requirements.
Design validation follows successful design vedfion and is normally performed on the final praduc
under defined operating conditions. Multiple vations may be performed.

Design Verification — Testing to ensure that all design outputs mesigd input requirements.

Destructive Test— When the test method used destroys the sample.

Discrete Variable — A variable that can only take a finite numbewralues. It can be a “verbal”
description or attributes. E.g. Defect categorycMae type, number of safety incidents.

DMAIC — Acronym for Define, Measure, Analyze, Improven@ol. The 5 phases of the Six Sigma
methodology used to make process improvements.

Effect — The change in the average response over twislef/a factor or between experimental
conditions.

Empirical Rules — Approximate guidelines for the amount of dat thill fall within certain values of
the mean. 60-75% will fall within 1 standard dematof the mean, 90-98% within 2 standard deviatjon
and 99-100% within 3 standard deviations.
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Entitlement — The full potential benefit we can achieve fropracess. Six Sigma projects consider
entitlement as “what’s the best we can get fromoggss” to help them in setting process improvement
goals. Best state to date of a process. Genemthes from observed results, benchmarking, or
theoretical calculations.

Entitlement Quality (EQ) — {Formerly known as Cost of Poor Quality (COP®)}ost associated with
poor-quality products or services. Examples: cass®ciated with product inspection, sorting, scrap
rework and field complaints.

EVOP — Evolutionary Operations - continuous on-linegass improvement by using DOE's.

Experimental Region (Factor Space} All possible factor-level combinations for which
experimentation is possible.

Experimental Run — A single combination of factor levels that yietatse or more observations of the
output variable.

Factorial Designed Experiment- In a full factorial experiment, responses arasoeed at all
combinations of the experimental factor levels.fceambination of factor levels represents the
conditions at which a response measure will bentake

Factors — A factor is one of the controlled or uncontrdlieariables being studied in the experiment
Factor Levels— The levels of a factor are the values being emachin the experiment.

Feasibility — A determination that a process, design, proeedurplan can be successfully accomplished
in the required time frame.

First Pass Yield (FPY)— The percentage of products or services thagwreessfully completed on the
first attempt without requiring remedial actionrework.

Final Capability — The performance level of the improved procd3ata is required to show that the
process has reached this level in order to clgsejact.

Fishbone Diagram— Sometimes called a Cause and Effects Diagrashikawa Diagram. A graphical
method of representing the relationships betwefattsfand their causes. Causes are generally gtoupe
into categories such as Machine, Method, or People.

FMEA - Failure Modes and Effects Analysis— A tool for linking failure modes to cause & affeso
that process controls to reduce the occurrenceoafuging unacceptable product can be implemented or
detection methods can be improved. Prioritizegavgment.

Fractional Factorial Designed Experiment— Fractional factorial designs are useful in fastreening
as they reduce the number of runs to a manageableTéie runs that are performed are a selectesesub
or fraction of the full factorial design. When yda not run all factor level combinations, somehsf t
effects will be confounded. Confounded effects caifie estimated separately and are said to bedlias

Gage Bias (also known as Accuracy) The difference between the true or referenceevahd the
observed average of multiple measurements of #émichl characteristic on the same patrt.

Gage R&R — A type of Measurement Systems Analysis usedatuate test methods. It is generally
used with continuous data and can be used to du#mdi total variability as well as the Repeataypiiind
Reproducibility of a measurement system.
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Gage Repeatability— The variation in measurements obtained withraeasurement instrument when
used several times by one appraiser while measthiengientical characteristic on the same part.

Gage Reproducibility — The variation in the average of the measurenmaatie by different appraisers
using the same measuring instrument when measilwniglentical characteristic on the same part.

Gap — The difference between entitiement and baseline.

Goal — The target amount of improvement for a process.

Goal Tree— Diagram showing linkage of Corporate CriticakYBusiness Critical Y’s, and Projects.

Green Belt (GB)— A person who is trained in the DMAIC methodol@mnd tools, and who may lead
project teams or assist on a phase of a largeegiroj

Histogram — A graphical way of summarizing data by plottpagsible values on one axis and the
observed frequencies for those values on the attier It helps one visualize the central tendearoy
dispersion of the data.

Hopper — A collection of identified Six Sigma projectsatthave not yet started.

Hypothesis Testing— A way of analyzing data, particularly from DOHsat tries to determine if results
observed are statistically significant; in partarlare the results possibly due to random vanatio

| & MR - Individuals and Moving Range chart; a type aialales control chart based on individual
measurements.

Interaction — The combined effect of two factors that is ouad above the singular effect of each factor.

Internal Reference Material (IRM) — a sample that can be measured repeatedly tibrai@” test
method or insure no change in test method.

Interrelationship Digraph (ID) — A technigue used to map out logical or sequEliies among ideas,
issues, or problems. Can be used to determinerikegrsl and outcomes of a process.

Improve — A phase in the Six Sigma process that focusegiantifying and proving the relationship
between the X’s and the Y and then changing theXimprove the Y.

IS Map — A cross-functional process map completed dutegVeasure phase. A view of the current or
existing process that shows who does the work mmchat relative timeframe.

Key Process Input Variable (KP1V) — The vital few process input variables that hidneegreatest effect
on the output variable(s) of interest. They aleda’X’s”, (normally 2 to 6).

Key Process Output Variable (KPOV)— The output variable(s) of interest. They aféedahe “Y’s”,
(usually 1). May be process performance measurpsoduct characteristics.

Levels— Refers to the number of settings of a particidator

Main Effect — The Average change from one level to anotheafgingle Factor
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Master Black Belt (MBB) — A person who is trained in DMAIC methodology gdject definition /
implementation. Master Black Belts play a key rioleoaching Black Belts.

Mean, 4 — Greek letter denoting the arithmetic average s#éteof values.

Measure— A phase in the Six Sigma process that focusetetining the current process. In addition, it
establishes initial performance levels and deteesisur ability to measure the process.

Measurement System+ The complete process used to obtain measuremimsnsists of the collection
of operations, procedures, gages and other equipsuaftware, and personnel used to assign a nuatber
value to the characteristic being measured.

Measurement System Analysis (MSA) Use of statistical methods to evaluate the perdoce of a
measurement system. The three major types areaDdits, Attribute MSA, and Gage R&R.

Measurement— Test values obtained by performing the compksteprocedure including sample
preparation as well as reading.

Measurement System+ The complete process used to obtain measuremisnsists of the collection
of operations, procedures, gages and other equipsuaftware, and personnel used to assign a nuatber
value to the characteristic being measured.

Median — The center number of a data set after it has k@ ordered. Equivalent to the™5fercentile.

Minimum Difference (d) — The minimum difference) from the hypothesized value we want to detect
with power 13

MINITAB ™ — The main statistical software package used éyBthck Belts and Green Belts.

Multi-Vari Chart — A graphical way of depicting variation withirsagle part, machine or process, or
between parts (produced at the same time or ane) ti Allows the study of process inputs and owput
in a passive mode (natural day-to-day process).

Multi-Vari Study — A graphical and statistical method to depiciatéon in the KPOV as it relates to
changes in multiple KPIVs. Variables include noiagiables potentially causing variability in the
process. The study of process inputs and outputsmpleted in a passive data collection mode.

Noise— The inherent variability in the system.

Normal Distribution — A continuous, symmetrical, bell shaped frequedtisyribution for variable data.

Null Hypothesis, H, — The statement of no change or difference. $taitement is assumed true until
sufficient evidence is presented to reject it.

Operational Definition — The definition created by the team that reltdesterm used or process
practiced within the team framework.

Outlier — A data point that is markedly different from théets. Many times it is the result of a special
cause or exception in the process.

p-value — Probability that the observed results could oeduen H is true.

Population — The universe of all possible numbers that cacdnsidered the same in some sense.
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Precision— The standard deviations of repeated measureraeiatsntical conditions
Probability - The chance of an event happening or a condito@urring in a random trial.

Process- The combination of people, equipment, materialsthods, and environment that produce a
given product or service. It is the particular vedydoing something.

Process Map- A step-by-step pictorial sequence of a proches/igg process inputs, process outputs,
cycle time rework operations, and inspection points

Process Owner Person responsible to follow and utilize thetoarplan to ensure that the process
maintains its improved state.

Process Spread- The extent to which the distribution of indivadwalues of the process characteristic
(input or output variable) vary; often shown as phecess average plus and minus some number of
standard deviations. Other related measures eadpnclude the range or quartiles.

Project Charter — A document containing the key information ab@@&ix Sigma project. Includes the
business justification, process to be improvedntesmbers, project description and metrics, and
financial information.

Project Scope- The specific process(es) or part of the protessthe project is focusing on. It is
essentially the project boundaries.

Project Y — A measurable, key process output used to deterimiprovement of the process. The aim of
the project is to improve the Project Y.

QFD - Quality Function Deployment; a process thatdinkstomer requirements to product/process
characteristics to manufacturing procedures soatiaproducts satisfy our customers and are pratuce
with processes that have high@atios.

Qualitative Information — Expressed in “verbal” terms and descriptiongorimation is gathered by
counting frequency of occurrences. Also descriediscrete.

Quantitative Information — Expressed in numerical form. Numeric informati@n be discrete or
continuous.

R, R — Range and average range. Used in SPC to detestdite of control and process limits.

R? — Coefficient of Determination— The proportion of variability explained by a ression model.

RACI matrix — Responsible, Accountable, Consultant, Informédstandard X vs. Y matrix that relates
specific tasks to individuals and/or functionalesl Can help to identify gaps or conflicts abobows
involved in a process and what they do.

Randomization — Experimental runs are performed in a randomaeer to eliminate the effect of
variables not being studied.

Readings— Test values obtained by presenting a prepareglsao the test equipment more than once
without redoing sample preparation in between.
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Regression analysis- A statistical technique used to investigate andehthe relationship between
variables.

Response Surface Designed ExperimentResponse surface methods are used to examine the
relationship between one or more response varialés set of quantitative experimental variables o
factors. These methods are often employed aftehgog identified a “vital few” controllable factoasd
you want to find the factor settings that optimize response. Designs of this type are usuallyeshos
when you suspect curvature in the response surface.

Resolution— The smallest unit of measure that you haveartalso be defined as the number of decimal
places that can be measured by the system. InotemEmeasure should be about one-tenth of theéhwid
of the product specification or process variation.

Repeatability — The inherent variability of the measurementesyst When repeated measurements at
identical conditions (same operator, same unitesanvironmental conditions, short-term) are taken t
standard deviation is the precision. Repeatahfithe common cause variability in a measurement
system. Typically identifies an equipment issugarple: Same person doing the same activity gets t
same results.

Repetition — Where many samples are measured from each meedl condition.
Replication — Number of times each set of experimental comuiitis included in the experiment

Reproducibility — Repeated measurements by the different variaibéesonsistent under same
conditions. The difference in the average measentsrmade by different people using the same
instrument, measuring the identical charactertsiding conditions as close as possible. For examp
different people using same instrument, measudegtical characteristic. Typically identifies issue
with operators. Example: Two different peoplerdpihe same activity get the same results.

Risk Priority Number (RPN) — The numerical output of the FMEA that is caléethbased on the
severity, occurrence, and detection ability offéikire modes. The higher the RPN, the more ctitioa
failure mode.

Rolled Throughput Yield (RTY) — The multiplication of all individual first pagselds of each step of
the entire process.
(i.e., Step 1 Yield = 75%, Step 2 Yield = 90%, Siepield = 80%, RTY = 0.75 x 0.90 x 0.80 = 54%)

Sample— The patrticular collection from a population tha work with rather than the entire population.

Secondary Y— A metric related to the same process as the€tryj It should improve as the Project Y
improves but it is not the major focus of the pebj&ot all projects require a Secondary Y.

Should Map — A cross-functional process map done in the Impfhase. A view of the future or
improved process that shows who does the workramdhat relative timeframe. An IS Map is required
before a Should Map

Short Term Capability — Determines variation in the process assesshty abimeet specifications and
permits short, intermediate and long-term goalrsgtRequires about 30-50 observations.

Sigma,o — Greek letter denoting the measure of the spréttegrocess (width of the distribution).

SIPOC — Supplier, Input, Process, Output, Customer -akernative form of representing the process to
include the impact of the customers and suppliers.
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Six Sigma— Process mean is 6 process standard deviatimmsrfearest specification limit. The term
was coined by Motorola to express process capgabiliparts per million. A Six Sigma process getesa
a defect probability of 3.4 parts per million (PRM)

Special Cause Variation- Variation caused by forces acting from outsieusual/normal process.

Specification— The engineering requirement or customer requrgrfor judging acceptability of a
particular characteristic. The Voice of the custoishould be used to determine the specification.

Stability — a measure of how accurately the system perfoumstime. Control charts are used to
monitor stability.

Stakeholder Analysis— A technique to identify key stakeholders in agasss, their current and needed
level of support for the project, and strategiesgfining the level of support needed for the proje
succeed.

Standard Deviation— A measure of the spread of the process (widtheoftlistribution).

Standardized Residuals- Residual minus mean divided by standard dewviatio

Statistical Control — The condition describing a process from whidlspdcial causes of variation have
been eliminated and only common/random causes nemigiplies to both the mean (location) and
standard deviation (spread). Control charts aee trs determine whether or not a process is inrgbnt

Statistical Thinking — A philosophy of learning and action based onfaflewing fundamental
principles:

» All work occurs in a system of interconnected pB3&s,

» Variation exists in all processes, and

* Understanding and reducing variation are keys tcess.

Super Y — Collection of related Six Sigma projects thaiyile opportunities to share metrics, best
practices, learnings, and solutions. Examplesidelnventory, Accounts Receivable, Manufacturing,
Supplier, Customer, Commercialization, and Salédatketing.

True Value — If it could be know, the actual value of thenitbeing studied, void of all sources of
variation.

Tolerance— The range of the specification limits. Equalhie USL — LSL.
UCL, LCL — Upper Control Limit, Lower Control Limit; limitdetermined by the process beyond which

we rarely expect to see data if the process isappeion target and in control. Usually these ate:3s
about the process target. Applies in theory omlgdrmally distributed data.

Uncontrolled Inputs — Inputs that impact the outputs but are diffiarlimpossible to control (may also
be controllable, just not under control currently).

USL, LSL — Upper Specification Limit, Lower Specificatiomtit; limits set by the downstream
customer, internal or external, beyond which weuthaot operate the process.

Value and Time Analysis— A tool used to determine the amount of time spea process on value
added vs. non-value added and work time vs. wag.ti
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Value Analysis Map— A type of process map that identifies the valdded and non-value added steps
of the process.

Variables Control Chart — A process control chart for a characteristipamameter that has continuous
values rather than discrete values such as counts.

Variance — A measure of spread of the process. It istdredsird deviation squared.

Variation — Difference between individual measurements felbehces are attributed to common and/or
special causes.

Variation: Common Cause— Variability introduced to a process that may betcontrollable by the
operator and may require outside assistance t@xeddisize.

Variation: Special Cause- Variability introduced to a process that shdagdcontrollable by the
operator of the process.

Voice of the Customer (VOC)- Customer feedback, both positive and negatiadding the likes,
dislikes, problems, and suggestions.

Voice of the Process (VOPJ} Statistical data that is feedback to the pewmpthe process to make
decisions about the process stability and/or cdipabs a tool for continual improvement.

X_, X - Sample subgroup mean and grand average of samplesme
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Appendix 2 — One Minute Project Checkilist

At any point in the project, do you understand...

|
|
|
O
|
|
O

o O

The problems you are trying to solve?

Objectives and their measurement or scope?

The tasks already completed and those necessangtessfully finish the project?

Those affected by the project and those who cattfie project?

The accuracy of the estimates and the assumptibith wirive them?

The resources, their availability, skills, styleslastrengths and how we are planning to apply them?

The baseline schedule that the project can be asetpivithin and how that compares to the
deadline? (See the “project tracking” templatéhm ubertool.)

Your project status compared to the schedule, dn®w
The expectations for the project, and the actioasre taking to maintain communications?

What will it take to end the project successfully?

Rev 2.71 © 3M 2004, 2005 — Al rights reserved.MAIC Six Sigma Guide - v2-71.doc Page 135



3M Six Sigma DMAIC Guide Book Table of Contents Link

Appendix 3 — Data Analysis Flow Chart

Data Analaysis Flow Chart
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Appendix 4 — Six Sigma Project Types

Six Sigma Portfolio —

Project Types

Project Type Characteristics $Opportunity Resources
1 - Classic Six Sigma BB Gap between current and desired $500K + Real OI 4-6 mo 5-6 Team
for Operations (Manufacturing) | performance. Cause of problem not clearly Savings, may have Members, Full
understood. Solution unknown. Strong Cash or Growth time Leader
business case. Savings as well
2 - Six Sigma BB for Business process rather than manufacturing $5MM + Real Cash 4-6 mo 5-6 Team
Transactional (Service), process. May have attributes data, or be non- | Savings, may have OI Members, Full
Improvement of a Business data rich. May have extended pre-close period | or Growth Savings as time Leader
Process to verify Capability/Savings. well
3 - Six Sigma GB (Operations Typically, smaller gap/ lesser $Opportunity. $100K + OI, Growth 2-12 mo 2-3 Team
or Transactional), Replication Fewer Resources required. Less extensive use | or Cash Savings Members, Part
Projects of Six Sigma tools. time Leader
4 - Business or Regulatory Consequences of not doing project are $MM’s, Possibly too Immediate | 5-6 Team
Projects which require an immense. May not utilize full Six Sigma toolset | large and difficult to 1-4 mo Members, Full
Immediate Response, Must Do | due to time constraint. quantify time Leader
It Projects
5 - DFSS (Product Begin with Customer Requirements, QFD, NPV Calculation of 6-12 mo Larger Teams
Development) Growth Projects | Value Analysis. Improved state of product Growth Savings, may
“thrown over the wall”. Reduced time to Sales. | be difficult to quantify
6 — Commercialization Projects | Currently in Product Development process NPV Calculation of 4-12 mo Larger Team
(between DFSS & Classic Six (Phase 1-3). Emphasis on MSA and Product Growth Savings, may (existing)
Sigma) Development FMEA. Existing team members. be difficult to quantify
7 - Re-Engineering (Process Process understanding / Process validation. $50K + OI Savings, 6-12 mo 3-5 Team
Development), Recovery Cause of problem or solution may be known. may be difficult to Members, Part
Processing, or Product Key tools MSA, Capability, FMEA. quantify time Leader
Transfers
8 — Sourcing, Just Do It Cause of problem understood or solution $50K + OI Savings, 1-3 mo 2-3 Team
Projects known. Statistical analysis for qualification. may be difficult to Members, Part
Control Plan may be only key tool. quantify time Leader
9 - Scoping Projects, The good side of Boiling the Ocean where you | None in the short 1-3 mo 1 Part time
High-Level Processes can see the ocean and spot the islands of term Leader
(Manufacturing or Service) opportunities (Candidates to Hopper).
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Appendix 5 — Kickoff Meeting Checklist — Pre-work and During
Meeting

Before Kickoff Meeting

1.
2.

3.

4.
5.

6.

Have project charter completed in GPS and apprbyedBB.

Prepare financial worksheet (even if data is notyeilable, the calculation method should be
prepared for discussion).

Reserve meeting room and send meeting invitatigandgect team members (including Champion,
Process Owner, and BB [if possible]) through Ldtigdes.

Prepare baseline data (initial capability), if dalie, to help communicate in kickoff meeting.

If need to drive project cycle time shorter, prephigh level process map and detail process stkeps (
not start mapping Y’s and X’s without project teamwolvement.

Search for relevant projects that you can replic&eng information to meeting.

During Kickoff Meeting

1.
2.

3.

8.
9.

Introduce team members
Ask champion to discuss purpose of project and iymportant (include link to Business Critical
Y).
Go through project charter with team and make suegyone understands the following:
a. Project number and name
b. Process defect and how to measure it
c. Process defects exists in and where starts/stops
d. Project Y — clearly state Project Y as to improeme measurement from A to B in some
time frame
e. Project scope (in-scope and out-of-scope)
f. Agreement on type of project (is this a processsgph project?)
g. Measurement metrics (primary Y, secondary Y, catmatence Y, financial benefit)
Propose and agree to project time frame (set predity milestones).
Identify what tools expect to use to help comptageproject.
Goal, Roles and Responsibilities of each team meimkais project (RACI of all team members and
all planned tools is helpful).
Discuss data for measurement systems analysisidiad capability
a. Data sources
b. Data availability
c. How data can be validated
Discuss any projects that will be replicated —theze others?
Start working on Process Map. If time allows angjgxt isn’t complicated, also do C&E.

10. Fix next 2-3 meeting dates.

After Kickoff Meeting

1.

2.
3.
4.

Activate project in GPS formally by doing the fallmg:
a. Change status to “Active”
b. Change progress to “Green”
c. Enter actual start date as the kickoff meeting date
d. Select phase name to “Define” (if not yet done).
Post all project documents in PDR and send linledéon members.
Send meeting notices for next 2-3 meetings.
Project Defect — can we specifically say what isstieg the pain?
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Appendix 6 — Analysis Roadmap — Full and FractionaFactorial
DOE’s

The same roadmap can be used for both FractiorallbFactorial DOE’s. If doing a Full Factorial
DOE, donot do the fractionation.

Create a Factorial Desian

® Determine number of levels
@ Determine number of factors
® Determine size of fraction

® What will be the design resolution?

®Consider the aliasing structure (Confounding of factors)

@ Centerpoints? Replicates? Repetitions? Blocks?
® Randomize runs or Standard order?
® Run Experiment & Collect Data

® pid you create the original design matrix?
® NO: Define Factorial Design, then begin analysis
® YES: Begin analysis
® Confirm all terms are in the analysis
@ create graphs: Normal and Pareto
® Are there any factors or interactions that are significant?
® NO: Re-evaluate level setting of factors (Bold vs. Narrow)
® YES: Look at significant factors using Factorial Plots.
® Evaluate the aliasing structure.
® What is the most likely “driver” of the effect?
® Isthere a significant interaction(s)?
® NO: Proceed to evaluate significant Main Factors
® YES: Run an Interaction Plot.
® Evaluate relationship between factors.
® What factors are most likely to be involved in interactions?
® Decide the best settings for each factor as it relates to the Response (Best
Operating Condition)
@ |s there a significant Main Factor(s)?
* NO: Proceed to Reducing the Model
* YES: Run a Main Effects Plot.
* Consider any aliasing with interactions
* Evaluate the slope of the line.

* Determine the best level settings for each factor as it relates
to the Response (Best Operating Condition)

® Reduce Model - Analyze Factorial Design

* Remove insignificant terms from the original model

* Turn off graphs (Normal and Pareto)

* Store Standardized Residuals and Fits
® Develop Y=f(x) model

* In Session window, Use coefficient values to create model
@ Determine R ?

* Run Balanced ANOVA

* Enter the final model

* Review ANOVA table in Session window

® Cut and Paste SS column in to Minitab Worksheet

* Calculate SStacio/SSiotal t0 get %variation related to factor, interactions, and error term
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Evaluate Residuals
® Run Residual Plots

® Are the residuals normally distributed? (Normal Plot / Histogram)

® Are the residuals stable? (Individuals Chart)

® |s the data in the “Residual vs. Fits” Plot randomly distributed?
® NO: Evaluate possible factors missing from the model

® Evaluate transformation opportunities

® YES: Model is good representation of Y=f(x)

@ was the desired Response value/range found?

® YES: Set factors of study to levels determined in DOE, Set and Run process.
Evaluate Response using control chart methods.

® NO: Determine if another DOE is necessary
® How many factors?
® Same factors, new levels?
® Same factors with additional factors?
® All new factors?
® Full or Fractional?
® Block? Repeats? Replicates?
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15 Words

What:
o 15 word statement of project definition/scope
Why:
o Craft positioning statement / build process definit
o Good group process tool:
= Obtain opinions of all team members
= Construct or reach team consensus
o0 Helpful in writing elevator speech
When:
o Define phase — while writing project charter, etevapeech is based on this tool
o Mid-stream — bring people back to same page/dgfiMicope of project
Need:
o0 Large sheets of paper on wall
o0 Markers for all participants
How:
1. Ask each team member (or pairs of team membenmsjite in 15 words or less the project
definition and scope on a large sheet of paper
2. Post all responses and check for agreement
3. Double check all fuzzy words by circling them arsttiag
=  “What does it look like?”
=  “How will we know it when we have it?”
4. ldentify key words or phrases team feels best about
5. Finalize on project definition and scope on onesthéth team agreement

Project Definition ject Definition Project Definition

| S5 \F G
—_ A

@ VA~ Min ;\;ﬂ M\’p:\:
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Communication Plan

What:
o Plan for communicating changes to key stakeholders
Why:
o Trigger dialog with champion and process owner do ¥ communicate to, what method, what
media, who's doing it, etc
0 Use within team for communicating to team membas@alition (Process Owner, Champion,
Black Belt, etc)
When:
o Define phase
= After identified key stakeholders (Stakeholders lfsig) and what information they need
(WIIFM)
= Within team to identify types of communication neddvithin team players (Process
Owner, Champion, etc)
o0 Improve phase before implement improvements
o Every project should have one
Need:
0 Large easel sheet or computer with communicatioplate
How:
1. Identify:
»  What needs to be communicated (message)
* When change will occur
* How change will impact them
* What information is needed from them
* What you need them to do
»  Why should it be communicated (purpose)
* Create need for change
» Ensure understanding of process improvement
= Who needs to be communicated to - - .
Message = Audience Media Who When /
* Process owner ™ i aaay | e, | GEuesss. | Whets
» Champion
* Team members
» Key influencers
» People affected by change
* Who needs to be communicated from
» Key influencer
* Project leader
* Team member
»  Champion
* Process owner
= How should it be communicated (Media)
* Method of communication (e.g. eMail, posters, etc)
* Determine who should do communication (team mendfempion, etc)
=  When should the communication occur
» Appropriate timing within project
2. Assign responsibilities for communication plan ®fRACI Matrix is helpful)
3. Follow communication plan
4. Update plan throughout project
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Elevator Speech

What:
o Clearly and simply state need for change and fudtate
o “Pitch” to share with key stakeholders
Why:
o Good group process tool:
= All contribute
= All in agreement with clear process understanding
= Team consensus
0 Good sales tool - management understands it!
o0 Good when publishing project
When:
o Define phase when writing project charter
o First team meeting and/or first meeting with prescesner/champion
0 Use 15 words exercise to help develop elevatorcépee
Need:
0 PC orlarge easel sheets on wall
How:
1. Together team reviews project scope, process tiefinheed for change, etc
2. Individual team members make notes as they formevsion of speech. Well crafted elevator
speech ought to generally, follow this simple fpart formula:
a. "Here's what our project is about.............
b. "Here's why it's important to do............
c. "Here's what success will look like........... ahd
d. "Here's what we need from you........... "
3. After quiet "rehearsal time", team members paiang deliver their speech to their partner and
receive feedback on what works / doesn’t work
4. Together team identifies a speech they all like bad/or begins to put together parts from a
variety of individual speeches to create a newdped feel comfortable with
Tips:
o Important for each project team member to pradirad speech before delivering it to any key
constituents
o Practice one-on-one with another team member
0 Encourage team members to practice on frienddjestiis complex or confusing
Option:
o Have a volunteer deliver elevator speech to rettarh. Other members play roles of key
constituents (like engineering, marketing, managenetc.). Listen and critique speech.
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Force Field Analysis

*  What:
0 ldentifies Enablers & Restrainers to project impéenation
o Identify enablers to strengthen and restrainelssgen or eliminate
*  Why:
0 Look at forces in internal and external environnteat will make change last hinderchange
over long term
0 Help team develop plans to ensure change becorteggated into "fabric" of organization. Can
be applied to project as a whole, or a particutat of project.
*  When:
o Define: "predict" what will help or hinder proje@ssumptions should be validated a number of
times as project progresses)
o0 Analyze/lmprove: Most effective when some sigrificwork has already been done on overall
project and strong resistance has been encountered

* Need:
0 Easel sheets & Post-it Notes
e How:
1. Pass Post-it notes to everyone and place two &agel sheets on wall labeled “Enablers” and
“Restrainers”

2. Ask everyone to identify things that will enabl®ject and things that will restrain project and
place on sheets

3. Agree on an final collection of enablers and réiséna (sort out any people see quite differently;
"l see as an enabler and you have it estiainer.")

4. Prioritize items on each list and pick those eraltleam thinks can be further strengthened and
those restrainers they think must be lessenedringited

* Option:
0 Restrainers can be further studied for "root causéig a Fishbone diagram technique or FMEA.

Enablers Restrainers

Y

-
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G.R.P.l. Checklist

What:

0 Assess project team status

o Challenge team to consider four critical and irglatted aspects of teamwork:o@s, Rles,
Process, iterpersonal

Why:

0 Team tool to see how team is interacting

0 Useful in identifying team disconnects

o Invaluable in helping a group become a team — wigavly formed or when exist but haven't
looked at teamwork

o0 Get more information on whether team is in agredrien quick verbal check

When:

o During any phase
0 Proactive: Use at end of first/second meetingheck if team is on same page
0 Reactive: If something not right with team, usédentify discrepancies / disconnects
Need:
0 G.R.P.l. checklist handout
How:
1. Distribute copies of G.R.P.l. checklist to team rbens
a. GOALS - How clear and in agreement are we on thaiomnsand goals of our
team/projects?
b. ROLES - How well do we understand, agree on, arfilfdie roles and responsibilities
for our team?
c. PROCESSES - To what degree do we understand and agréhe way in which we’ll
approach our project AND our team?
d. INTERPERSONAL - Are the relationships on our teamkia well so far? How is our
level of openness, trust and Acceptance?
2. Ask team members to individually fill out sheet
a. Place an X in one color where they think they amelated to the project
b. Place an X in another color where they think tkesym is at related to the project
c. Give checklist anonymously to team leader for agatien
3. Meet as a group to discuss checklist discrepameidgo resolve issues
Tip:
o0 Can use to check on how team is working from timgrhe. Ask team members to vote on each

of the dimensions using a “fist-to-five” technigiizve fingers = great; a fist = zero progress).
How would you rate the degree to which your team presently has CLARITY,
AGREEMENT, and EFFECTIVENESS onotttl}e following GRPI-reI:_%%’d elements?: —

= Purpose & Ouicomes - We understand and agree on
our project mission and desired outcome {vision).
= Customer & Needs - We know who project
stakeholders are, what they require, and why this
project is really needed.
= Goals & Deliverables - We have identified specific,
G measurable & prioritized project gnals & deliverables

linked to our huslness goals.

= Project Scope Defi -We e
what is |nfout nf our project scope & tasks Ernject
scope is “set.”

= Roles & Responsibilities - We have defined & agreed
on our roles, responsihilities, required skills &
R resources for project team.
= Authority & Autoromy - Our team is clear on degree
of authority’ empowerment we have to meet our
project mission.

= Critical Success Factors - We know & are focusing
on key factors needed to meet project goals &
mission.

= Pians & Activities - We have an effective game plan

P to follow that includes the right tasks; clearly
defined/assigned.

= Monitoring & Measures - We have an effective
muniluring process & specific metrics linked to
progress & goals.

= Schedule/Milestones - We have defined our project
schedule and know what key phases & milestones

= Team "Operating Agreement” - We have shared
ed & foll i guidelines for how

our team works together.
I - lmerpersonarﬂeam We have the necessary
arti

pa
behaviors for a healthy & productive team.
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In/Out of Frame

What:
o Defines what is in and out of project scope
Why:
0 Useful in obtaining consensus
0 Uncovers potential issues
o0 Brings discussion to higher level
When:
o0 During Define phase — when working on project arart
o Keep results visible when working on all tools (Ess Map, Cause & Effects Matrix, FMEA)
Need:
0 Large sheet of paper on wall
o Post-it notes for all team members
How:
1. Draw box on large Post-it Easel Pad
2. Pass out 3x3 Post-it Notes to all team members
3. Each team member to write down what they belieyerotess, procedures, tools, practices to be
in and out of scope (do not write on note whethér ‘iin scope” or “out of scope”)
4. Team members to place their Post-it Notes:
a. outside of frame if topic is “out of scope”
b. inside of frame if topic is “in scope”
c. on frame if unsure
5. Silently move Post-it Notes based on their thoughts of hérebpic is “in scope”, “out of scope”,
or “unsure”
6. When Post-it Notes are no longer moved, dialog t&thm on placement of topics to ensure reach
consensus
Tips:
0 Update project charter to reflect final decisions
o Keep visible as work on project

Out of Frame
~—t
s
In Frame
~t
=
~t
~
On Frame
—d
— R
St 4
~t
St
~
e
-t
— =

~d
~

~

..
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More Of/Less Of

What:
0 Helps measure if people involved in your procese&hmade necessary changes to sustain process
improvements

0 About human behaviors, things people actually do

o Don't focus on changing attitudes — people re€ibange expectations and behavior will change.

Why:

0 What needs to be done in order for change to sd@cee

o0 What do people need to do moreforf the project gains to be achieved?

0 What do people need to do lesdafthe project gains to be achieved?

0 Uncovers potential issues

When:

o During Improve phase — when working on determinitigat are needed behaviors and how day-
to-day lives will be changed

Need:

0 Large sheet of paper on wall

o Post-it notes for all team members

How:

1. Pass out 3x3 Post-it Notes to all team members

2. Each team member writes down what they believdahaviors that are needed more of or less
of when the project is completed

3. Team members place their Post-it Notes under thdihgs “More of” or “Less of”

4. Once all Post-it Notes are on board, dialog witimten placement of items to ensure reach
consensus

5. Discuss how to ensure needed behavior changesagilir

Tips:

o Validate with key stakeholders to reflect final d&mns

0 Keep visible as work on improving project

Moreof..... Lessof.....

/' /

® ¢ & ¢ o ¢ O 0 o 0 0
® & & & & & & 0 0 00
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Polarity Map

*  What:
0 Explore positives/negatives to each side of situatimprovement
o Put action plans in place to keep balance betwesitiyies of solutions — with minimal time
spent in negative areas
*  Why:
0 Helps clarify issues facing both sides and helpsigmplan actions that will keep them primarily
in positive quadrants of both viewpoints.
o Group (as a whole) needs to manage change dilemraa ongoing basis. Keeping balance
between polarities is an ongoing management regplitys We cannot ignore these issues.
*  When:
o Improve- Identify different sides of situation; discusssitives and negatives
* Need:
o0 Large easel sheets on wall
* How:
Make two flip charts:
Title one sheet with first situation/solution artier sheet with second situation/solution
On each sheet, write “Upside” at top and “Downsidear middle
Each group brainstorms ideas to fill in their chart
Place each flip chart side by side so group caarlgieee benefits and risks of both
Each group shares their list of upsides first (aliéng groups) — ask for input from other group
Each group shares their list of downsides secdteffating groups) — ask for input from other

group
Remind them we want to stay focused on upsidesthf fcenarios!

NogahrwbhpE

o

Option 1 Option 2

Downside Downside
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RACI Matrix
*  What:

0 Assignment of roles and responsibilities
Why:

0 Helps clarify role assignment
0 Sorts out who iResponsibleAccountableConsultedandinformed
0 Brings order out of chaos especially for non-setjakeprocesses
0 Can be used for process steps, tasks, assignrimgnisyariables..... To establish roles and
accountability
*  When:
o0 During any phase & on every project
» Define- Identify roles & responsibilities for project
» Measure Identify roles & responsibilities for initial pcess map
= Improve- Identify roles & responsibilities for “shouldr@pcess map or cross functional
process map (especially Business Process Redesign)
= Control- Communicate roles & responsibilities for “shdutdocess map or cross
functional process map in control plan

« Need:
o PC with RACI Matrix
e How:

1. Determine purpose of doing RACI Matrix
= |dentify roles & responsibilities for project
» Identify roles & responsibilities for initial prose map
» |dentify roles & responsibilities for “should” press map or cross functional process
map
= Communicate roles & responsibilities for “shouldbpess map or cross functional
process map
2. Prior to completing RACI Matrix, create operatiodafinitions for:
= Responsible- people with ultimate responsibility for takingti@n to complete process
step or activity
= Accountable— one person with ultimate accountability for nmegksure process step or
activity is completed
= Consultant— consulting resource(s) for process step or igtiv
* Informed — people to be kept informed on status of prosess or activity
3. Across top of RACI Matrix list stakeholders
4. Down side of RACI Matrix list tasks or steps
o Tips:
o0 Important to have team dialog while filling out RAKatrix — do not do alone
o Try to limit number of people “responsible” for avgn process step, task, etc., after process is
improved

Example

Green Beil Team Leader
Process Owner
Champion

Mester BlaccBett
Green Bet Coach
Funciona

Menager Supervisor
Hopper Owner

5 |Biack Bett

o
T
S
F

ed(t

Process Step: Relstors hip
A ctivity
Translating Mini-Charter to Charter
Creating Project Charterin Project Management Systern [l
[Triad (GB, BB, Champion) Meeting to Approve Charter
|Updating Project in Project Management System
Maintaining Documents in Project Document Reposito
Coaching on Chartering/Project Mgni/F re sentations
Coaching on OMAIC Tools

|Manthly Updates with GB, Champion, Process Owner (BEIS

Six Sigma Interim Project Re
Froject CI0Se Review v

Cwiner, BB, Coach, MBB
Maintaining the Contral Plan

o

2

ri

ViEw
B Champion, FIOCESS

2| - |-|=
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Stakeholder Analysis

*  What:

0 Helps team identify the stakeholders, what thanés are with the change, and what level of
supported is needed

0 Team determines what are stakeholders’ issuesarmtms, who can best influence each
individual, and how they are best influenced

Why:

0 Understand who is affected by change (Stakeholders)

0 Understand stakeholders’ reaction to change

0 Plan effective influence strategy for successfande

*  When:
o During any phase & on every project
» Define— Identify key stakeholders for projectidentify key team members for project
or match team’s expectations
= Measure- Identify obstacles and support
= Control—- Identify key stakeholders for change
= Anytime — When "bring on board" a new stakeholder whojhstsemerged
* Need:
o PC with Stakeholder Analysis template
e How:

1. Identify key stakeholders (limit to 8-12 peoplegooups). They should have control of critical
resources, could block, must approve, or own kegkypoocesses.

2. Down left side of chart list each stakeholder arsduss where each is currently in relation to
change initiative. Examine objective and subjectvidence (fact and opinion) of where
individual is at.

3. Discuss where eagateeds to béor change initiative to be successful. Remembame
stakeholders need only be shifted from “againsthiwutral”.

4. List comments regarding stakeholders’ level of supand identify their (potential) issues with
change

5. Develop an influence strategy

» How does this person like to be informed? Picheeson? Data person?

» What history has this person experienced that nigells understood when talking with
them?

= |s there a part of the project this person coulaviiiwh would help garner their support?

6. Assign influence strategy implementation tasksptecfic individuals with dates/times for
completion

Rev 2.71 © 3M 2004, 2005 — All rights reserved.MAIC Six Sigma Guide - v2-71.doc Page 151



3M Six Sigma DMAIC Guide Book Table of Contents Link

e Tips:
o Make sure include all players — including customers
0 Use with WIIFM and Enabler/Restrainer
0 Not about being "good" or "bad" — rather about Hay individuals view merits of required
changes
o Careful thought needs to be given to:
=  Whowill have most impact on stakeholder
» Whatis nature of “message” need to deliver
» Howandwhenshould influence process begin
0 Some teams combine this discussion with formulatiotiheir communication strategy/plan for
change
o0 Look for logical relationships between and amordasholders in terms of who might assist team
in gaining support of others. For example, if § k@keholder who is "supportive" is also a
"thought leader" for others on list, it might beefid to enlist his/her support in shaping thinking
of other against or neutral stakeholders.
0 Totally worthless unless people can be honest
0 Keep results within team
Stakeholders Level of Support Comments re: Level of Support | Influence Strategy Tactics —
{Maximum of 10-12)| C = Current Level Positive or lssues and To achieve or maintain needed

N = Needed for Success Supportive ltems  Concerns level of support
Against| Neutral |Supportive
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Strengths, Weaknesses, Opportunities, Threats (SWQT

What:

o Frame need for change as a threat@ppubrtunity over both short and long term

0 Get attention of key stakeholders in a way to emgheir involvement beyond what can be gained
from a short-term sense of urgency

Why:

o Build significant case for change for project

0 Helps team frame need for change more broadly

When:

o Define— Statement of need with clear sense of why charitijgtive is essential to do at this
point in time

Need:

o0 Easel sheets of paper

How:

1. Each team member picks one quadrant that repretenteed for change for this project and
writes notes on why

2. Team members share their thoughts and dialog mhikasities and differences

3. Each team member writes a couple sentence statémeenporating all of the quadrants stating
the need for change

4. All read their statements and team utilizes aliesteents to create a group statement that
encompasses the best of each individual effort

5. Modify statement to appeal to key stakeholdergésahanufacturing, marketing, etc.).

Tips:

0 Sometimes helpful to do this tool in partnershigiv@takeholders Analysis

o Remember — framing need for change is an itergtiveess. As project moves forward, more
information and perspectives will be gathered drauikl be factored into explaining need for
project.

o Different audiences or constituent groups will biesgted to different ways of framing need for
change. Team must learn how to communicate tldd ivea "language" that will appeal to
specific constituent group or individual.

Threat Opportunity
(If we do not change) (If we do change)
Short
Term
1 3
2 | 4
Long
Term
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Team Performance Model

*  What:
o ldentify specific team building needs each team bwmhas or group needs
Why:
o Proactively begin to answer key questions of eéeh im model to accelerate team formation and
project completion
0 Team leader send eMail to team with questionsfarnmally check
*  When:
o During any phase
0 When have problem on team and don’t know what#tise G.R.P.l. Checklist first then model
0 Proactively during team formation
0 Link to team communication plan

* Need:
0 Questions
e How:

1. Team leader send eMail to team with questions
= Stage 1 — Orientation
e Whyam| here?
Do | belong?
e Can | contribute something worthwhile?
* Do | want to be here?

« Do | understand the task? eam Pefariinnoe Mode
« Canlthrow in with the group/task?S@" s
«  Will my skills be used? A=

*  Will my unique point of view be hete?

heard? e,

» Stage 2 — Building Trust
e Who are you?

*  What will you expect of me?

High

ust Goal/Role 1
ade Implementation

« Can you be relied upon? e, 2., (o= i
* Do you know your craft? T P
«+  Can you maintain confidentiality? el

How will
we do it?

Creating Stages

» Are you dedicated to the task?
» Do you have ulterior motives?
e Do you have hidden agendas?
e Will you accept me as | am?
*  Will you accept my ideas?
» Stage 3 — Goal/Role Clarification
» Precisely what must the team do?
» Are all of the options surfaced?
» Are all of the issues identified?
* What are reasons for choosing among options?
e Is there agreement on group goals?
e Is the group operating from same premise?
* Are goals clear?
» Is there consensus on group purpose?
» Is there consensus on group task issues?
» Are personal goals clear, in the open?
* Does the vision / mission exist to help organizek®o
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= Stage 4 — Commitment
* Is the team ready to act?
* How do we manage the team?
* Who has what responsibilities?
» Are all responsibilities addressed?
» Are role conflicts resolved?
» Are responsibility gaps / overlaps resolved?
» How (method) are responsibilities divided?
» Have we chosen systems / processes / tools to madhagverall task?
« Do we all understand the steps of the processegvetiosen to manage the task?
« Do all own responsibility for success?
* How do we handle stakeholders needs?
*  Who will address stakeholders?
. Stage 5 — Implementation
How will things be done?
* Isthere a project plan?
*  Who will do what, when, where?
* Are “non-must do” tasks discarded?
* |s task ambiguity minimized?
» Are task sequence and timing correct?
* Is there a mesh and balance in the tasks?
» Is the schedule clear to all?
» Do we get things done or just talk about it?
* Is work integrated, not segmented?
* Do members know the big picture and their fit?
" Stage 6 — High Performance
Does activity of the team flow?
* Are boundaries and limits broken?
* Is everyone in the groove, are things clicking?
» Is activity focused and coordinated?
* |s communication intuitive?
* Is there evidence of synergy?
» Is performance a result of crisis or work?
» Is there openness, affinity and consistency of hiena
e Is striving for high performance a mistake?
= Stage 7 — Renewal
*  Why continue?
» Answer positive — renewed purpose
» Answer negative — frees us to be elsewhere
* Rewards and recognition
» Celebration and finalization
2. Team members send responded (anonymously) to tseded
3. Team discusses summarized responses
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Transition Map

*  What:
o0 ldentify what can go on during a transition
Why:

o0 Brainstorm with a team how they are thinking alebparticular change
0 Anonymously identify issues/challenges that mayuodiring transition
0 As Gantt chart to help team during transition
*  When:
o Improve: Document potential issues and identéynis needed for successful transition
o Control: Identifies implementation issues
* Need:
0 Large sheets of paper on wall
o0 Post-it notes
e How:
1. Place 3 large sheets of paper on wall with titie&rading, Crazy Time, Beginning
= Endings:
» Define what is ending
« Honor what got you to where you are
e Finalize what won't be done any more, and how It ¢ handled
» Take the best of the past with you but pack light
= Beginnings:
» Define new tasks and processes
» Design how tasks and processes fit together anidtdi the organization
» Define people’s new roles
» Define expected results
» Define timelines
» Select people for new jobs
* Modify change plan as needed to succeed
» Establish new accountability system
» Neutral Zone/Crazy Time:
» Plan to get people from current place to new place
» Job, work group and team training
» Communication of strategy, change plan and progress
» Answer questions and create forums
» Foster new work relationships needed
2. Pass out Post-it notes to team members
3. Ask team members to write two or more items foheasel sheet on change and place on sheets
4. As a group discuss notes and determine how to ssldteandle items

Transition Map

We have to find a
new direction and
_source of ener
New Beginnings gy
Developing new skills

Solving problems
Neutral Zone Becoming an expert
“Crazy time” Creating new routines
Learning new methods ~ Seeing possibilities
Making mistake
Trying new things
Fixing glitches

We need to recrien
redefine ourselves

We have to let go
of some things

Feeling skilled Endings
Knowing what to do r
Ease and speed Taking longer
Familiar routines Having to redo

Comfortable relationships Uncovering problems
Proving oneself

Time
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WIIEM
What:
0 Help define potential benefits which will help arsvguestion — “Wat's I It For Me?
(WIIFM)?”

0 Help people understand why they should do somettirg@mmit to a change — How is this
going to help me, my team or my organization?
Why:
Best used proactively to identify potential bergefir key stakeholders
Links customers and their requirements
Gets away from big picture to personal reason
Most are after same goal, discover why disagrediadgositive link
Part of communication plan
Use with Stakeholders Analysis while determininui@nce strategy for gaps
*  When:
0 During any phase
» Define recruiting people for team
= Measure/Analyze explaining why need someone’s help or expergséing team
engaged in non-confrontational way
* |Improve: engaging key stakeholders on change
= Control: implementing control plan
o Proactive: Identify potential benefits ahead of time andhoaunicate early on
o0 Reactive If key stakeholder is not engaged, use to ifiemthy they aren’t and what need to do
to get them engaged

* Need:
0 Large sheets of easel paper
*  How:

1. Identify issue/change trying to implement
2. Identify key stakeholders
3. Identify potential benefits from the key stakehotd@erspective

Issue:

Target Potential Benefits
Audience (“What’s the benefit to me, my team, my organization?”)

Others who
will be
affected by
project(s)
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Appendix 8 — Keyboard Shortcuts

A variety of keyboard shortcuts exist in the softavapplications. The following are some of the enor
common shortcuts.

Windows
USE @ MENU ..ottt e et e e Alt-underlined letter
Move from application to application..........cccccevveeieeeeee s Alt-Tab
Move from application to application in reverse@nrd......................... Shift-Alt-Tab
Navigate one character at a time
Navigate one word at a time ....................
Navigate one paragraph at atime ... e eieicccnivvvvveneeeeee... . Ctrl-Arrofdp or Down)
Select While NAVIQALING ... ...uuuriieiiieie ettt Shif
Move to beginning Of liNE...........cocoiii e Home
Move t0 €Nd OF lINE......oviiiiiie e En
Open the Start MENU .........uueeeiiiiiiie e CH$C
Close appliCation .........oooviii it e e e t-Ac4
ClOSE dOCUMENL ...t emmmmme et ricr4
Edit a filename........ccooiiiiiiiiii e F2
COPY SCIEEI ...ttt ettt eeeeene e e e e et e ettt e e e e e e e e aeeaeas PrintScreen
CopY dIalog DOX.cceiieiiiiieeeeiie e It-RrintScreen
Most Applications
NEW AOCUMENT....cuiiiiiiiiie et ricl
OPEN UOCUMENT....ceiiiiiiiiiiieee sttt et e e e s sbbreeeeessnnnneeeeeeseaed ricd
SV ittt e e e e e e e e e e e e Ctrl-S
PIINT L et Ctrl-P
L | P PPPURPRPPRR Ctrl-X
O] o)V U T PP RTSPT Ctrl-C
o) (= PP T U RPN Ctrl-v
BOId s Ctrl-B
JEAIICS .t Ctrl-l
UNAEITINE. ...ttt Ctrl-U
FINA s Ctrl-F
REPIACE ..ttt Ctrl-H
LT To = o -V o 1SS Ctrl-G
L6 0o [o T TS O SO Ctrl-z
REUOD. .t Ctrl-Y
HEID e F1
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Minitab
SESSION WINUAOW ...eeeiiiiiiiiieeeeee et e e e e e e e e 817
Data WINGOW......coiiiiiiiiiiei it eeeeee et nnenaeee e s rleD
Edit last dialog BOX .....cccovvveeeieiiiii e
Move from Window t0 WINAOW ...........ccooiueimmmmeeeeeeesiiiiiieeessniiieeeeens Ctrl-Tab
Reset dialog DOX ......coooiiiiiie e 3.F
Maximize @ WINAOW .........uueiiiiiiiiiiiiie e Alt-mis, X
Data Window
TOop Of COIUMN......uuiiiiiii e Home
Bottom Of COIUMIN ......uiiiiiiiiiiii e End
UP @ SCIBEIN oottt e ettt te e e e e e e e aeeanes PageUp
DOWN 8 SCIEEM ...ttt ettt e e e PageDown
Beginning of worksheet ... Ctrl-Home
Last column, bottom-most row of worksheet ..........................Ctrl-End
Current row in leftmost visible column ..........cccccvveeevveviennennn. Ctrl-PageUp
Current row in rightmost visible column.......ccccccccoeeiiiiiiiinnns Ctrl-PageDown
Session Window
Beginning of iN€ .....cooovvieeiii e Home
ENd OF lINE oo End
UP @ SCIBEIN oottt ettt e e e e e e e eeaees PageUp
DOWN 8 SCIEEM ...ttt e e PageDown
Top Of SESSION WINAOW ......uuiiiiiiiiiiiiiiii et Ctrl-Home
Bottom of SesSion WiNAOW..............uuiiiiiaaaac e Ctrl-End
SeleCt COIUMNS ... Alt-Drag
Word
Beginning of IN€ ... olde
ENd O lINE oo End
UD @ SCIBEIN ...ttt ettt e e e e e e e e aeeeanes RageUp
DOWN @ SCIEEIN ... et e e adgeDown
Beginning of dOCUMENL.........ccviiiiiiee e Ctrbhhe
ENd Of dOCUMENL......coiiiiiiiiiiie e ricEnd
Left justify @ paragraph.............oooo i ceememeeeeeeee e [Siig
RIGNE JUSHITY .o Ctrl-R
Center JUSHITY ..o Ctrl-E
Justify left and right.........cooo e Ctrl-J
INCrease fONt SIZE ........uuuueiiiiiiiiii e Ctrl-Shift->
Decrease foNt SIZe .......cccuuuuiiiiiiiiiiit e trieshift-<
YU o1=T £STex 1] o] A PP PPPUPPPURR O Ctrl-Shift-+
SUDSCIIPL -ttt e Ctrl-Shift-=
Repeat [ast @CHON.........eciiiiiiiiiii i ettt F4.
SPEI-CHECK ... e E7
TRESAUIUS ....eeiiiii ittt ettt e e e e Shift-F7
SeleCt COIUMNS ... e e Alt-Drag
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PowerPoint
INSErt NEW SHAE .....oiiiiiiiie e e Ctrl-M
Move from presentation to presentation ........cccccccccccvvviviveeieeeeeennenn. Ctrl-Tab
Go to next slide (normal or presentation mode).........ccccevvveveeeeeeennnn. PageDown
Go to previous slide (normal or presentation mode).............ccccvveee PageUp
Move between panes (outline, slide, NOtes) .cuwweeeeeeeeeeeeeneiieninnnnn . F6
Left justify @ paragraph.............oooiiccememeeeeeeeeee e [Siig
RIGNE JUSHITY .o Ctrl-R
Center JUSHITY ..o Ctrl-E
Justify left and right ... Ctrl-J
INCrease fONt SIZE .........uueeiiiiiiiii e Ctrl-Shift->
Decrease foNt SIZe .......ccuuuuiiiiiiiiet e trieshift-<
YU 1T £5Tox 1] o] AP PUUURP PR Ctrl-Shift-+
YU o o7 | SRR Ctrl-Shift-=
Repeat [ast @CtiON..........eviiiiiiieee e e e eee e e e e e e e e e e e e e e F4.
SPEIIFCNECK ...t ————————————— E7
Begin slide SNOW........ccciiiiiiiiiieees e 5.F
In slide show mode
Se€ ShOMCUL KEYS...covviiiiiieeee e eeeeeee e F1
Go to beginning of SNOW ... Home
GO to end Of SHOW ......ooiiiiiiiiiii e, End
Go to particular slide.............uueeeiiiii Slide # -tBn
BIACK SCIEEN ...t B
WHhItE SCIEEN ... w
In text boxes (Edit mode)
Beginning of iN€ .....coovvvieiiii e Home
ENd OF lINE oo End
Beginning of text 0bjeCt........ccovvviiiiiiiiece Ctrl-Home
ENd Of teXt ODJECT....eviiiiiiiiieice e Ctrl-End
Return to Object MOde.........coovveeeeii it Esc
In object mode:
Beginning of presentation...............ooooiiiiiiiiiiiieeeee Home
End of presentation .............oooo e End
Move from object to object on slide ..........coeeeeiiiiiiiiiiiieeenen. Tab
Select all text in selected Object ... Enter
Deselect ODJECt. ... Esc
Y1 1YL= 0] o1 o S Arrowyle
Move in a straight liN€ ..........cccvvviiiiiieeeeeeee e, Shift-Dragp(handles)
Duplicate ODJECE......uvviiiiiiiicie e Ctrl-Drégp handles)
Shrink or expand from Center ............ooovvccccee e Ctrl-Drag (handles
Shrink or expand proportionally ..............cemeeeeeeeeiriiieeeeeeeeeee e, Shift drégandles)
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Excel
FOrmat CelIS ... et e e e eeanes Ctrl-1
Move from document t0 dOCUMENL.............. e evvveeeeesiiiiieeeee e Ctrl-Tab
Beginning Of IN€ ......ccooiii e olde
Beginning of dOCUMENL..........cviiiiiiee i ceeeee e Ctrbhhe
Bottom-right cell in worksheet ..., Ctrl-End
N 1= = L PSS ERPSRR Ctrl-PageDown
Previous tab ... Ctrl-PageUp
UD @ SCIBEIN ...ttt oo ettt e e e e e e e e e eeanes RageUp
DOWN @ SCIEEIN ... et e e e e e adgeDown
UP @ CelLee e Up Arrow
DOWN @ CeIL. ..o Down Arrow
NEXE CeII FIGNT ... e Right Arrow
NEXE CEII BT ..eeiiiiiieeee e e e Left Arrow
TopmOost CONtIGUOUS CEll.......uueiiieiiiiiiiiieecee e CtrplArrow
Bottommost coNtiguOUS Cell ..........uuuiiiiiiceeceeniiiiiiiieeee e e Ctrl-Dovmrow
Leftmost CONtiQUOUS CelIl............uuviiveetmmm e eee et e e e e e aeaa e Ctrbft Arrow
Rightmost contguous Cell ... CtrigRit Arrow
CalCUIAtE NOW ... e F9.
Repeat the 1ast aCtioN .............eeiiiiiii e F4
Enter and exit Edit MOde ...........ovvviiiiiiieei e F2
Edit mode:
Beginning of line in Cell...........ooooiiiiii e, Home
End of IN€ N Cell.....vuiieiiiiii e, End
Beginning of Cell............ueiiiiiiiiii e Ctrl-Home
ENG OF Cell..ueeiiiiiiee e Cihd
Cycle fixed cell references ($) .....coovvvvvccereieieeiiiiieee e, F4
Lotus Notes
NEW MEMIO ...t ereeee s e e e e e e e e e e e ee et e e as Ctrl-mM
Move from window to window
Check for NEW Malil.........coiiiiiiiie e e
Actions in horizontal or vertical tool bars..........cccccceveeeeiii, Alt- approgte keys
NetMeeting
Full-screen mode (10ggI€) ......uuuriiiiiiiiiiecccceiieieeer e Alt-ten
REfresh dir€CLOrY ......cccciiiiiiiiiieee s 5.F
Open Sharing WINAOW ..........cooiiiiiiiiiiiiiiiieeieeeee e e e e e e e Ctrl-S
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Appendix 9 — Changing the Order of Categories/Groug in Minitab
Graphs

By default Minitab displays text data in graph&iphabetical order. To change the order of text
categories/groups in Minitab graphs (this doeschange the order of the categories/groups in the
Minitab worksheet) complete the following steps:

In Minitab:
1. Go to the Minitab worksheet and select the —[MesaARCARELIEY X
column with the categories/groups. " Aphabetcal order

" Order of occurrence in worksheet

2. Editor>Column>Value Ordefyou can also get | & wserspeciied oder
there with a right-mouse click).

. LChooze an order: Define an order [one value per line]:
ChooseJser-Specified Order I 0l
. . . Sun, Mon, Tue, Wed . Tt
4. If you find a convenient order in the left panel, Jonusry. Pebruary, | dd O
you can choose it. Otherwise, simply cut and
paste the values in the right panel so that they

appear in the order you wish.

i

5. If you have set graphs to automatically update
they will update to the new order. If not, you'll Press Enter to separate values.
see a yellow symbol in the left title bar of the " ] ol
graph. Do a right-mouse on it and you can e | ~
update the graph that way.
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