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4 Types of Problem

What problems to solve now
and what can wait
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Background - Lean / Toyota

Toyota Kamigo Kamigo Taiichi
Overhead Entrance Ohno

Precision & Machine Lower Volume & High Volume &
Intensive Higher Mix Lower Mix
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Other Background - Work
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Other Background - Stuff
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TPS Develo

oment Timeline

Western Influences:

Mass Production &
moving conveyor lines

Scientific Principles
Of Management

Standardization
Of Parts

Many Others....

Taiichi

| | TPS Development  ohno
>| =

I Loom Business Automotive Company

1902 1937 1950 1973 2016

Sakichi Kiichiro Taizo Fukio Eiji
Toyoda Toyoda Ishida Nakagawa Toyoda

Various parties and key individuals
involved over a long period of time
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20th Century & Problem Solving

Sarasohn & Protzman Lean problem solving methods
CCS Course in Japan & Six sigma methods
5 step problem solving Design thinking routines

Deming SPC lectures &
Deming Wheel in Japan ’
JUSE PDCA Cycle —p 2000’s
Juran Quality Management
& Handbook in Japan
TRIZ/ TIPS

1980's «—,

TWI Methods during WWII

U.S. DOD standard MIL-P-1629
Failure Modes Effects Analysis
Walter A. Shewhart's | 1950’s

control chart ‘I
1920’s

y. | U.S. DOD 8D Method
1 970 S Kepner Tregoe Rational
t Analysis Methods

1960’s

JUSE 7 QC Tools
6 step problem solving &
shop floor QC circle activities

Vilfredo Pareto
introduces 80/20
concept in Italy

1930’s
Alex F. Osborn establishes brainstorming
1910’s routines for creative problem solving

: L el Ronald A. Fischer Design of Experiments
|, [Frederick W. Tayior's scientfic || ghewnart cycie of specify, produce & inspect
management principles

John Dewey Reflective Thinking

General Inputs:
Scientific Method &
Critical Thinking Routines
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4 Types of Problem Situations

a
Type 4

B

£

.:%’ Innovation

Oriented

5
- Future oriented
o) Gap with a more
a from open ended
. Standard viewor
o . problem
3‘ Futu_re oriented resolution
= Trouble- with a new

5 ot target state
= shooting emphasis and

E _ creative

S Rapid solutions
o occurrence

oriented with
strong root
frmediate causal emphasis
corrective action
oriented with

- limited root

g causal analysis

5

Lower Time to resolve Higher
© Art of Lean, Inc.
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4 Types & Benkei Analogy

7 QC Tools Kaoru Ishikawa

1. Data Collection / Check sheets

2. Cause-and-effect diagram

3. Flow charts Ae term “7 QC tools” is named after

the seven tools of Musashibo Benkei
the famous warrior monk. Benkei
owned seven weapons which he used
to win all his battles. Similarly from my
own experience you will find that you
5. Pareto chart will be able to solve 95% of the
problems you face if you properly use

6. Control chart the 7 QC tools.

4. Histogram

Professor Emeritus

7. Scatter diagram inersitv of Tokyo /
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Type 1 — Troubleshooting

112[314t5]8

718 9 10|1112

Stop button Abnormality
for the line 0
[ §| supervisor

Supervisor

Condition Based Triggers
Either Human or Machine
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Andon Response Example

S 58 VR DS W 09 (< ¢ 1k

Broken tool ) The n‘nchili'(s".\ljl'bnmtimlly stops

/‘\ “'.i. l A’ L) l
e W Wl R

1. Automated process cycling 2. Mechanical probe detects broken
normally cutting tool and stops the machine

Wi23 3R 75
b

20

NS | { At !
niy:-good.productsatodthe

{
L 1T
',luhu"-umfvl B58INK

3. Probe signals an “andon” board 4. The operator immediately takes
for visual display corrective action and releases only

good products to the following process
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Type 1 — Troubleshooting

Production Analysis Board

Line/Cell Name: Team Leader: Date:

Rapid Problem Solving

Quantity Required: Takt Time: | Shift: °
| — Concern
e e/ Akl | P / :zfal PrODISY Dauash s‘g""m} o Ca use
T i e Countermeasure

- ’ : e Check

~ / /

- j j Troubleshooting

- 7 p

-~ / /

N 7 ;

— / / Time & Quantity Based Triggers
B Dy Reviewed Hourly By Supervisor
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4 C’s Thinking

Minimal Documentation Involved

Mainly Discussion, Thinking, Rapid Action & Follow Up

COUNTER-
MEASURE
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5 Why is the Ideal

Situation: A machine tool has stopped working halting production.

1) “Why did the machine stop working?”

W] “Because the machine overloaded blowing the fuse in the control panel.”

2) “Why did the overload condition result?”

W] “Because there was insufficient lubrication to the spindle bearing.”

3) “Why was there insufficient spindle bearing lubrication?”

4)

5)

small metal cutting chips entered the system causing damage.”
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Key Point is the Countermeasure!

FIRST WHY SECOND WHY

THIRD WHY

$ 00

2 E -
W

Q: WHY has machine stopped? Q: WHY was there an overdoad? Q: WHY wos It not lubricated?
A: There was on overioad ond A: The bearing was not sufficiently A The lubrication pump wos not
the fuse blew, lubricoted,

pumping sufficiently,

=l

FOURTH WHY FIFTH WHY

RECCURENCE PREVENTION
COUNTERMEASURE:

Add fine mesh sirainer
to inlet port to prevent

cutting chips from
“ 3 :LL a ﬂ entering the system.

-
4
S
! §

1 J i

Q: WHY was it not pumping sutficienttyd Q: WHY was the shaft worn out?
Al The shall of the pump was worm

A: There was no strainer allached
and ratting. and melol scraps got in,
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Toyota Supervisor Image

EBEIA—ILIATA4THD

Rapid response to problems and

abnormal conditions by production
-Team Member
-Team Leader
-Group Leader
-Manager
-Plant Manager

“Almighty” Supervisor Image

1.

oA W

Safety

Job Ability
Leadership

Kaizen Skills
Technical Knowledge
Human Relations
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Type 2 — Gap from Standard

Vague Problem Understanding

Step 1 Clarify the Problem Background

§

Define the Problem

&
Establish a Goal

\ 4

Root
Cause
Analysis

Step 2

Step 3

Step 4
5W 1H &

5th Why Emphasis

&

D Step5 Implement Countermeasures

\ 4

C Stepb6 Check Results
Target Current 4

Yield Yield A Step7 Follow Up & Standardized
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KPI's & Problem Solving

KPI's and Problem Solving

-

-

- - Functional
Q”D Department

General

Business Objectives Management

Department Objectives Q-C-D

® > ® 0O e
o ! i - F ! E Team
Team Objectives  "§.C.D ach P

Top Problems m m m m m m

Proble ==

v =EEE=E
[:I Red = Problem

===

1
1

———

1
1

-Q-C_-D. Quality Cost Delivery Etc Yellow = Cancerning Trend
Green = On Target

© Copyright 2016, Lean Enterprise Institute, Inc.



Shop Floor Management Board
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Problem Investigation

TPS

TPS

A. Immediate
abnormality
signal

B. Go to
actual
machine and
see status

C. Ascertain
actual
problem
situation

TPS

D. Coaching Investigation Sequence

Measure actual dimensional extent of problem
Look for obvious contamination or abnormalities
True and re-dress grinding wheel and observe status
Check actual grinding wheel (check “pores”)
Confirm actual (not theoretical) stock removal
Send part to QC Mat’l lab for hardness and HT depth check
Check actual cutting conditions
o Wheel RPM
o Feed Rate, Depth of Cut, etc.
o SFPM
8. Confirm status of datum features
9. Measure spindle run out
10. Coolant check

NounhkwNRE

. Flow rate / pressure
o Nozzle condition and direction
. Temperature
o Concentration
Cpk 1.15 Cpk 2.33
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Dig Deeper! 8G’s

e Genba

* Genjyou
e Genchi

e Genbutsu

e @Genjitsu

e Genji
e Genpo
* @Genin

Hi5
HAK
15 b
R
BRE
IR B
HA
HEA

Actual Place
Actual Condition
Actual Location
Actual Object
Actual Facts
Actual Time

Actual Method

Actual Cause

JIM WOMACK

GEMBA WALKS

551 11 51

Genchi Genbutsu - “Go and See”
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Dig Deeper! Plain English

Who? Site Department Group Team Individual

Actual instant of

When? Day Shift Hour Minute
occurrence
Specific production . Actual location in Actual point of
Where? General area . Specific process
line level the process occurrence
What? Occurrence Symptom Broad problem Categorical problem Specific problem
Why? 1t cause 2"d cause 3" cause 4th cause 5th cause
. . . Gap from actual
Non-conformance  Dimensional Above standard Comparison to

How / How much standard: e.g., .001

mm

issue variation allowed actual standard
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Type 2 — Analysis Types

Complexity of analysis Higher

Lower

Logic

Inductive
Deductive
Abductive

Qualitative logic
such as the §
Why's or Cause
and Effect
Diagrams

Supervisors &
Team Members

OVAT

One
Variable
AtA Time

Statistical
methods aimed
at process
control or
measures of
capability

Supervisors &
Engineers

MVAT

Multiple
Variables
At A Time

Statistical
methods aimed
at advanced
problems and
study of multiple
variables at a
time in an
experiment

Engineers &

Design / Development

r

Convergent

Focused

Analytic

C&E relationship
Standard attainment
Scope control

Lower

Time to resolve

Higher
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Type 2 — Countermeasure Types

ADWNSTIATON | DFECTON | meeveNion

* Examples include increasing * Examples include any * Examples include creative
inspection dufies: odding instances of sensors or alarms usaga of fechniques fo
fraining or alfering werk used fosignal fhot an prevent the defect or
instructions for the operator, abnormalify has occured in abnormality from occuring

. the product or process and in the product or process. Cr

» These controk ara generally stops the dafeci from moving aliminafion of the underlying
weak and mainly acceplable downstream, Mistoke or condion or potential
s temporary shorf term emor proafing in the process.
counfermeasures. * Tnese conirok either alone

* [hese cantrols are stronger of in conjunciion with

in nature and contain defects cetection for the strongest
Infernaly bater than type of defect control,
adminkrafive cnes. |

4 - )

Weaker Stronger
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Type 2 Summary

Vague Problem Understanding

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Clarify the Problem Background
¢
Define the Problem
4

Establish a Goal
§

Root
Cause
Analysis

13

Implement Countermeasures

3
Check Results

3

Follow Up & Standardized

THANKIN G,
FAST..SLOW
[ - WSS,
DANIEL
KAHNEMAN

Type 1 Troubleshooting is about
rapid action and response to the
abnormal condition...an analogy is
thinking fast.

Type 2 Gap from standard problem
solving is about being more deliberate
and slowing down to consider what is
the real problem or real cause...an
analogy is thinking slow.
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Type 3 — Target State

Kaizen Methods
(Future) Ideal s
Situation E&%jj_lf
GAP . Types3-
T g = ﬁ Target State”
ﬂ - Normal .
State) Situation # Status
_ (1 E 7J :
GAP |:> 1ypeZ~ 113 [3] iR i iR

from Standard”

Problem Solving
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Performance

>

Type 3 — Raise the Bar

Previous Standard

Higher
Performance

Current Standard

Raise the
Standard

-
~—
..,
_____
———
.....
-
.....
.
“nae
~——
.....

.....

Get Back To
Standard

.....
~—
~~~~~~
e

Time

Next Standard

New Standard

A
ey

Type 2: Gap Caused By
( Performance Decline

\ Below Standard
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Target State Concept

Type 2 Problems
& Gap From Standard

HOW THINGS “ARE"

/ ACTUAL

S "W STANDARD \ ]GAP

SAFETY

QUALITY

Type 3 Problems
& Target State Setting

HOW THINGS “SHOULD BE"

CUSTOMER HUMAN
SATISFACTION DEVELOPMENT
- = Sofe

100% Quality
DELIVERY + 100% On Time « Engaged
= 100% Productive * Challenged
* 100% On Cost * Professional
T e PRODUCTIVITY
* Problem Definition
TROBLEM . GOO'
SOLWVE
Tor - .
S5 Root Cause Analysis i
CONTINUALLY + Countermeasure MO R A |_ E/ H R D m M
* Check Results = Every Opportunity
* Follow Up & Standardize
> 1 1 1 1 1 1 N L " N
L Last Lt Last Yesterday Right Tomorrow Next Next Next Next
Year Quarter Month Week Now Week Month Quarter Vaap
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You Can Target State Anything!

* Products
e Processes

y \
-
| . & L
b oo mo - 2187 i
F5=s ing' Fab .
=< Sadey” 3
:/‘ - A\\ .
@4 |
il Ay SRE J!
c N | s \ J
T
*
[ :
\

/ L

e Services
e Sports
e Metrics

But you have to think
and not just copy...
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Two Types of Thinking

TWO KIND5 OF THINKING

eribical Thinking creavive Thinlking

- analytie - 3eherabiye
- convergent - divergent
- verbioal - lateral

- probabiliby 4 - poseibility

- Sudam ! - euepén&gd o
- %g;lg?e?ﬁ | - diffuee Judgment

- objective N _ ‘ - gUBéective

- angwer e SR o0 ansyer

- lefs brain | - ﬁghff brain

- verbal N » : ‘"IQUQIL

- [inear i - 9690013biye

- re2goning - richiess, novelyy
- yeg bub s - yeg and
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Target State Improvement Steps

TRUE NORTH

CUSTOMER HUMAN
SATISFACTION DEVELOPMENT

* 100% Quality * Safe
* 100% On-Time * Engaged
* 100% Productive ¢ Challenged

* 100% On-Cost * Professional

* Depict the “os-is" cumrent stote

* Measure and analyze the process and key
performance indicators

= Show the specific key details for improvement
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Process Example SMED Example

Dedicated Press svs of s
Part A
§ HRS
1 S
Dedicated Press
Part B e
Dedicated Press Flexible Press
Part C Parts A, B, & C
3 Dedicated Machines 1 Flexible Machine
No Flexibility Change Over Flexibility
Each 30% Utilization 90% Utilization
Make lots of inventory! Run more JIT style
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Set Up Reduct

] e e |

Measure tolal lime required for
changeover, Video lape is besl.

Identify internal versus extemnal
elements and calculate individual times

Take Ihe exiernal elemenls and make
sure they are done before the
machine stops

Reduce and eliminate the intemal
elements (i.e. adjustiments & fastener
itemns in parlicular)

Reduce the lime required for
extemnal elements

Standardize and improve the new
procedure aver fime

PRE-WORK

25 MIN

25 MIN

10 MIN

E = External « | = Internal

DURING MACHINE SHUIDOWN

20 MIN

20 MIN

10 MIN
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Software Example

Traditional
Dedicated Server VPS Model

Model
Same basic principle
Customer 1 as SMED in dle
Unix c,us:omen exchange...
LinUX Customer2
Windows °”S‘°"‘e‘3

Customer 2

Key here is not the
time change over
but the software

Customer 3

ad/

. B i Itiple virtual ili
g vt sesemosornt | e v G ko ability to act as
CPU, Disk and Memory that will never Nemory resources are utikzed: more multi P le server
6 usae, eﬂectlve;i. d?ving down cosls — this can
nefit some customers. ty p e S ..
3 Dedicated Servers 1 Virtual Server
Each 30% utilized Now 90% utilized
No flexibility Flexibility
Wasted resources Less waste
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Sports Example

NO-HUDDLE OFFENSE

Players stop . .

Whistle ends action & get Return to cor(n:-lc::::iecsat e PI:: ;::':gym Players travel p(())if;ir:)s: fI:,-

previous play. ups.ect):)f;clllals Huddle play call. quarterback. to position. next play 30 secon d S
: § ' < .
I [l - P -
| [ - . -
' 1 s . -
' " . -
i " 7 -~
: : : / \ P - - -
: i
i i Players travel PPt
| [ g

to position. -~
Players stop . PPt
Whistle ends action&get |\ A c;f:iiir:::f':r
previous play. up. Officials | /~ N pnext la 15 seconds
setball. Coaches play
communicate
play call.

WTH N

T

a_—-~A\p~"’
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Type 3 — Target State Summary

Arubeki Sugata / Ideal State

Critical Concept: Critical Concept:
What We Should Do How We Should Do It
Not What We Can Do Not How We Can Do It
Kaizen / C.l. Respect for People Dive rge nt
= 100% quality * Physical & mental safety .
+ 100% value add AND| - Security Creative
+ 100% on time, in sequence, + Professional challenge .
batch of one capability SyntheS|s

Everyone Requwesf change
Every minute Longer time
Fvery day Greater span

Current Condition
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Type 4 —Vision / Innovation

How you?

.
g Profit ilti
E : ups GSK,
= HB’I’HIII'H Connec : 0 createval Toshiba
) CONFIGURATION
3 Me De,
0 Fabindia
- Zara

1 a
g ke
by
_.l: Product Performance T fmetionalit Mars, Inuit
E Praduct : Microsoft,
2 roduct System Scion
=
o upport and enhan Zappos, Car
E Semice ferir Glass, Sysco
>
) .
2 Yeliver your off 0 your customersand  Nespresso
£ Channel Amazon
[T,
g Intel,
g- Virgin
o~
- Customer Engagement oster Interactior Shas
E gag i Foursquare
-

Doblin: 10 Types of Innovation: The Discipline of Building Breakthroughs
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Design Thinking

Ideate

Prototype

L]
HAS50 PLATTNER

Institute of Design at Stanford
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Three Phases

Understand Create Deliver

Understanding ends in Insight. Creation ends in ideas. Delivery ends in reality.

_

Empathy Define Ideate Prototype gTest

Extreme Extreme
Empathy Experimentation
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Toyota Motto & Precepts

N

e e el

Good Thinking, Good Products

The “Spirit of Being Studious and Creative" has been deeply
embedded in the Toyota Way in all areas of operations —
ever since the concept was very first introduced by Sakichi
Toyoda, the founder of Toyoda Automatic Loom Works, Ltd.
It is the fundamental concept behind "Good Thinking, Good
Products," the slogan adorning Toyota factories around the
globe. It was born from the Toyota Creative Ideas and
Suggestions System (TCISS), which encourages employees to
suggest improvements at work.
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Toyota Suggest

on System 1951

The system was introduced by Managing Director
Eiji Toyoda in 1951 when it became clear during the
post Second World War economic recovery that
Toyota's production facilities needed to be
modernized. Toyoda took the idea from a Ford
Motor Company plant which he had visited in July
1950.

Although the TCISS offered incentives to employees, the real
value of the system was that it provided motivation to
employees by focusing on their skills and creativity. The
TCISS systemized the practices that had been customary
since the time of Toyota Motor Corporation founder Kiichiro
Toyoda: respecting opinions from production and sales and
conducting spontaneous on-site inspections while
simultaneously inviting suggestions for improvements.

© Copyright 2016, Lean Enterprise Institute, Inc.



Washer Process Innovation

Entry View Front View
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Employee Improvement ldea

 “The thought of putting the cylinder head through
the box shaped industrial washer was inherently a
bad idea...blasting it from the outside with dozens
high pressure nozzles only pushed some cutting
chips and contaminants father into the holes and
ports, etc.”

e “It occurred to me that just dunking the product
into a series of tanks via a robotic arm would work
better. An agitator style of motion would drop the
chips and contaminants out with less time, energy,
cost, maintenance, and higher end quality...”
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Prius, Lexus, & Mirai

FUELED BY HYDROGEN,
OXYGEN, AND SKEPTICISM =
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5 Why Example Revisited

Situation: A machine tool has stopped working halting production.

1) “Why did the machine stop working?”

|II
.

W] “Because the machine overloaded blowing the fuse in the control pane

2) “Why did the overload condition result?”

“Because there was insufficient lubrication to the spindle bearing.”

3) “Why was there insufficient spindle bearing lubrication?”

4)

5)

small metal cutting chips entered the system causing damage.”
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5 Why Revisited

* Type 1 - Troubleshoot cutting chips by daily cleaning and
maintenance of the machine.

* Type 2 — Put the strainer on the inlet port in the previous
example for recurrence prevention.

e Type 3 — Evacuate the cutting chip(s) better by breaking the
cutting chips via tool breaker, with better coolant systems, chip
breakers, and better tooling conditions. Also improve machine
guards and tank covers.

* Type 4 — Tooling innovation, chip formation optimization, cutting
condition innovation, washer process innovation, and upstream
die casting optimization.

© Copyright 2016, Lean Enterprise Institute, Inc.



4 Types of Problem Situations

a
Type 4

L

o

£ :

.:%’ Innovation

Oriented

9
re) Future oriented
o) Gap with a more
a from open ended
e Standard viewor
o) ) problem
3’ Future oriented resolution
= - with a new

5 roune target state
= shooting emphasis and

E _ creative

S Rapid solutions
o occurrence

oriented with
strong root
tmediate causal emphasis
corrective action
oriented with

— limited root

g causal analysis

S

Lower Time to resolve Higher:
© Art of Lean, Inc.
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Genesis of An Expert

Quality of Decisions optimal
N
L4

poor

no rules
needed Expert
*intuition, tacit knowledge
*vision what is possible, innovation
.. Spplies Proficient
in context
*big picture, system thinking
*address important aspects, ignore irrelevant
R I *deep understanding of rules, theories, alternatives
uies Competent

*can solve new problems
*conceptual understanding
*active decision making

effective use

Advanced Beginner

*all problems are equal
*narrow disjointed view, no big picture
*decisions for standard situations

S R AR I B |

“no judgement Motivation  Focus Critical Full Continuous Self Creative
“no responsibility Thinking Brain Power Learning Improvement Solutions

limited
understanding

Rules
every step

by rule

o

A 4
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summary

* Benkei & 7 QC Tools expert analogy

e Be careful of experts who only know one way

e Learning by doing is key for all four types

e Reflection after doing is key as well

e You can’t just “think” your way to improvement

* Problem solving, innovation and improvement
require perspiration

* Necessity is the mother of every invention...

e ...Not some kooky consulting problem solving
framework - including mine!
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Appendix

© Copyright 2016, Lean Enterprise Institute, Inc.



B ruwrose 2 EnvIRONMENT 5 sRucruRe

\ 7 § [
ﬁ N C I lrLl OOO
| Bl

FEEDRALY

; 1 Lo
~— 3 Grovp leoden 5 COMMUNICATIONS

.ii‘@@ '
LEADER .
|

& THINKING PATTERNS

W@WEH WOWw Ok
() (=) 3
- METRICS Q Q
- ATTITUDES (=) (=) Eimi @
- RELATIONSHIPS (o) (o)

7 BEHAVIORS & ACTIONS

100 RESOURCES & SUPPORT 3 TIME FRAME
" PrEN

s s

© Copyright 2016, Lean Enterprise Institute, Inc.



