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Agenda

First - What questions do you have?



Stages of Ability

Stages of ability
1. Knowledge
2. Understanding

3. Capability

Knowledge: Only this portion is
taught in a class room in “Off-JT”
manner

Skill: This portion must be taught
with actual problems and
situations “OJT” with mentoring

3. Capability
4. Do well
5. Can do and improve

situations “OJT” with mentoring
from capable superiors. Skill
usually can not be developed in a
class room setting

Depth takes time to develop…



A3 Thinking Intent

1. Focus on some of the thinking patterns inside Toyota
2. Help foster critical thinking and communication skills
3. Stay away from “tools” (of course an A3 can be considered a tool…)
4. Put focus on both process (i.e. Toyota Way) and results!
5. Reinforce the importance of the PDCA management cycle
6. Create something useful for any environment to try

Prof. Sobek Art Smalley



• Starting from simple roots in Toyota in the 1950’s TPS has spread
around the world to become a dominant improvement
methodology

• Annually for the several years Toyota has earned in excess of $10
Billion in profits…(until this last year of course!)

• Toyota has overtaken icons such as Ford and GM and become the
automotive industry leader in volume adding to their dominant
positions in quality and productivity

Background Context

automotive industry leader in volume adding to their dominant
positions in quality and productivity

• TPS has been “discovered” by multiple people over the years and
identified as various different items such as:

– QC circles

– Kanban system

– Kaizen events

– Value stream mapping

– What’s next?



1970’s TPS

It is not what you call it that
counts but why and how you do
it and the results you obtain that

really matters!

QC circles!

The Blind Men and the Elephant

1990’s

2000
QC circles!

It’s Kaizen!

It’s all about
flow and the
Value Stream!

1980’s
It’s Kanban!



• Despite all this “discovery” and wealth of information no
one has been able to consistently copy this elusive
system and produce the same type of results…

• Additionally as Lean/TPS spreads I am starting to see

However…

• Additionally as Lean/TPS spreads I am starting to see
more implementation instances with either limited or
poor results to show for all the hard work…in several
cases it has even somehow added cost.

• Why is this proving so difficult?



Multiple possible explanations exist…

• Toyota took about 20 years or so between 1950-1970 to build up

the system and implement it across several plants. Most

practitioners are in about year five or less…

• TPS in Toyota is fairly different from Lean programs I observe in

North America. (This may or may not be a problem…)

• There is a shortage of talented TPS implementation leaders…Most

of us don’t have Taiichi Ohno in manufacturing or Eiji Toyoda forof us don’t have Taiichi Ohno in manufacturing or Eiji Toyoda for

example (and for the record Toyota struggles sometimes overseas

as well).

• Perhaps creating this new system in companies with an established

culture and old way of doing things is just inherently very

difficult…(i.e. we are fighting some form of invisible law of change /

gravity?)

• Other reasons no doubt exist as well



TPS development timeline

1937 2008

Influences

Mass Production moving
conveyor lines

Scientific Principles
Of Management

TPS Development

1950 19731902

Looms Automotive Company

Guess what – it did not just happen overnight!

Standardization
Of Parts

Sakichi
Toyoda

Kiichiro
Toyoda

Eiji
Toyoda

Taiichi
Ohno

Fujio
Cho



TPS Summary 1973

1. TPS is a series of related activities aimed at
elimination of waste in order to reduce cost,
improve quality, and improve productivity.

“Practice over theory”

Managing Director

Ohno Taiichi

First TPS Manual.
1973 Education & Training
Department

improve quality, and improve productivity.

2. Scientific Mindset: On the shop floor it is important
to start with actual phenomenon and search for the
root cause in order to solve the problem. In other
words we must emphasize getting the facts..

3. In problem solving the purpose must be made
clear…in Kaizen the needs must be made clear.



Sample early training courses in Toyota

• Training Within Industry (TWI) Courses - Started in 1951 & its influence continues today
1. Job Instruction
2. Job Relations
3. Job Methods -- Replaced in 1955 by the P-course training
4. Job Safety -- Added later by Toyota to the above courses

• Various “P-Courses” taught by Mr. Shingo – Started in 1955 and continued until 1980
taught on average 3 times per year mainly on:

1. Motion analysis
2. Time study analysis2. Time study analysis
3. Operational analysis
4. Process analysis

• TQC related courses (Starting around 1962 with the TQC program)
1. QC Circle activity
2. Basic problem solving
3. Statistical quality control

• Standardized work – established in the early 1950’s and refined up until1978
• Kaizen training course – formalized in 1978 and replaced the P-course
• Role of a Supervisor – formalized in 1970 and continues today

1. Role of a Team Leader
2. Role of a Group Leader

A3 Thinking Origins



Generic Automotive Plant
Vehicle Plant

Engines
-Casting
-Forging
-Machining
-Assembly

Transmission

Chassis

Stamping Body Weld Paint Plastic Injection

Final Assembly Line

Components

Chassis

Relatively Machine Intensive

Relatively People &
Material Intensive

Parts Suppliers



1950’s Line Conversion Example



TPS Improvement Patterns (e.g. “Method”)

• Three main types (and many derivatives…)

1. Man

2. Material

3. Machine

Method



Manpower Related Kaizen

•Time Study
•Motion Analysis
•Work Element Analysis
•Standardized Work & Kaizen

Job
Level

Task
Level

Work
Element

Motion
Level

Motion
Element

Make
Widgets

Assemble
A & B

Assemble
C & D

Set A & B
together

Fasten
tight

Pick up
driver

Insert
screw

Tighten
screw

Stretch
arm

Grasp
driver

Lift &
disengage

Pull down

General
level

Minute
details



Standardized Work Forms



Kaizen Patterns

• Three main types (and many derivatives…)

1. Man

2. Material

3. Machine

Method



Material & Information Flow Analysis (MIFA/VSM)

Flow
-Material
-Information

Takt Time

-Information

Inventory

Lead-time

Process Info



1. What is takt time?
2. How to create flow?
3. Where is the pacemaker?
4. How to implement pull?
5. Make to order to make to stock?
6. How to level production?
7. What pitch increment?
8. How to improve process flow?

Material Flow Focused Approaches

1. Which products should you hold in a finished-goods inventory, and which to stock?
2. How much of each product should you hold in finished goods?
3. How will you organize and control the finished-goods store?
4. At what single point will you schedule the value stream?
5. How will you level production at the pacemaker?
6. How will you convey demand to the pacemaker
7. How will you manage information and material flow upstream?
8. How will you size your markets and trigger withdrawal pull?
9. How will you control batch processes upstream from the market?
10. How will you expand the level pull system across the facility?
11. How will you sustain your level pull system?
12. How will you improve your level pull system?



Kaizen Patterns

• Three main types (and many derivatives…)

1. Man

2. Material

3. Machine

Method



Old Toyota Machines 1950’s – 1960’s

Cincinnati Milling Machine Toyoda Transfer Machine

Danly Stamping Press Automated Body Welding Machine



Six Machine Losses

Machine

Availability

Performance

Breakdowns

Changeover

Cycle time

Categories Types

Manpower
Stoppages*

Machine
Losses Performance

Quality

Small stops

Scrap & rework

Yield or start- up
losses

Material
Stoppages*

*Note: Considered separately in the previous two sections



1. Breakdowns

(%)

Pareto’s Curve Graph

Problem

MachineMan

Cause and Effect Diagram

# of incidents

MaterialMethod

Type of incident

The same type of rigor that is used in “quality” problem solving should be
applied to “machine breakdown” problem solving…



2. Set Up Reduction For Changeover

Line Name

Part Name

Process Name Machine Name Part Number

Set Up Reduction Worksheet
(Work element analysis, time study, problem identification sheet)

Main Set Up Work Elements

1

2

No.
Time Study

Start End Total Int. Ext.

Category

Problem Point Countermeasure

2

3

4

5

6

7

8

9

10

11



3. Machine Cycle Time Study

1. Automatic doors open
2. Remove part from machine (or auto eject, etc.)
3. Load next part
4. Clamp part / Coolant on
5. Table index
6. Grinding wheel on (or tool rotates, etc)
7. Rapid feed advance

2”
2”
2”
3”
3”
4”
4” Usually not all of

the machine

Illustrative Example

7. Rapid feed advance
8. Air cut
9. Rough cut
10. Dwell
11. Finish cut
12. Air cut
13. Rapid feed retract
14. Table return / Coolant off / Air blow
15. Unclamp part
16. Automatic door open – Repeat cycle

4”
2”
18”
2”
20”
2”
4”
4”
2”
76”

the machine
cycle time
is value added…



4. Minor Stops チョコ停(Machining example)

1. Cutting chips on fixtures
2. Limit or proximity switch problems
3. Part jamming
4. Operator adjusting “something”
5. Confusion of on-line and off-line work for operator
6. Etc.



1. What is the actual capability of the process?
2. Which dimension is in trouble? By exactly how

much? Since when?
3. How is the condition of the tool?
4. Where is the datum? What is its condition?
5. How is the part located and clamped?
6. How is the part measured and gauged?
7. What is the condition of the various fluids

5 & 6. Scrap and Yield Losses
Machining Example

7. What is the condition of the various fluids
(coolant, oil, grease, etc.)

8. What is the actual machining cycle?
9. What mechanical interference might be

occurring?
10. What is misaligned in the machine – how

much?
11. What is the condition of the spindle head /

bearing unit (e.g. run out)
12. How is the tool holder condition?
13. How good is the incoming material?
14. What else is worn that can cause variation?

Process Capability



TPS is built on the scientific way of thinking*…

General Scientific Method
1. Define the question / make observations
2. Gather information and facts
3. Form hypothesis
4. Perform experiment and collect data
5. Analyze data
6. Interpret data and draw conclusions
7. Summarize results

TPS Basic Problem Solving / Kaizen
1. Define the problem / opportunity
2. Analyze the causes
3. Set a goal
4. Implement the action items
5. Check the results
6. Follow up / Standardize

7. Summarize results

*Quote by Taiichi Ohno. Graphic and comment by
Hajime Ohba Toyota Supplier Support Center



It’s the “Thinking Pattern” that matters…

Scientific
Method*

Problem
Solving*

Kaizen
Steps*

•Make Observations •Define Problem •Clarify the Goal

•Gather Information •Analyze Causes •Analyze Situation

•Form Hypothesis •Set a Goal •Generate Original Ideas

•Perform Experiment to Test •Implement Corrective Action •Develop an Implementation•Perform Experiment to Test
Hypothesis

•Implement Corrective Action
Items

•Develop an Implementation
Plan

•Analyze Data •Check Results •Implement Action Items

•Draw Conclusions &
Summarize

•Follow Up / Standardize •Evaluate Results / Standardize

*Generic patterns. Other versions exist.



Generic A3 Report Format Example

Background

Current Situation

Countermeasures

Effect Confirmation

Plan Do, Check, Act

Goal

Root Cause Analysis

Effect Confirmation

Follow Up Actions

(Left Half) (Right Half)



A3 Thinking Intent

1. Focus on the thinking pattern
2. Develop critical thinking and communication skills
3. Stay away from “tools” (of course an A3 can be considered a tool…)
4. Put focus on both process (i.e. Toyota Way) and results!
5. Reinforce the importance of the PDCA management cycle
6. Create something useful for any environment to try

Questions on A3 Thinking?



Documents & Standards in Toyota

National Standards (JSA/JIS) Open National Standards

Company Standards (TMS/TMR)

Process Standards (MTS, etc.)

Documents in Manufacturing
•Job Instruction
•Work Standards
•Standardized Work
•Kaizen

Generally open in Toyota. You can
obtain a copy of the form and an
outline of the training course.

The exception is the category known
as “Work Standards”.



National Standards-JSA/JIS



Company Standards-TMS*

Tooling
Standards

Drills
Reams
Taps
Grinding Wheels
Broaches
Hones
Inserts
End Mills
Tool HoldersTMS/TMR

*Toyota Manufacturing Standards / Toyota Manufacturing Regulations

Mechanical
Elements

Tool Holders

Fasteners
Couplings
Bearings
Seals
Springs
Pins
Bushings
Etc.

TMS/TMR
15-20
Volumes



Tooling Standard Example



Mechanical Element Standard



Main TPS Documents in Manufacturing

Documents in
2. Work Standards
•Operation Drawings

4. Standardized Work
•Process Capacity Sheet

1. Job Instruction
•Training Matrix
•Job Breakdown Sheet Open

Documents in
Manufacturing

At Toyota

•Operation Drawings
•Tooling Drawings
•Quality Control
•Etc.

•Process Capacity Sheet
•SW Combination Table
•SW Chart

3. Kaizen Forms
•Time Study Sheet
•Motion Study
•Work Element Analysis

Open



TWI/Job Instruction

1. Knowledge of work
-(e.g. how we do things)

2. Knowledge of responsibility
-(e.g. what we need to do by when)

3. Skill in improvement3. Skill in improvement
-(e.g. how can we do this better)

4. Leadership behavior & motivation
-(e.g. why we do things this way)

5. Teaching ability
-(how to pass along our skills to others)

Toyota starting point in the early 1950’s



Job Instruction

How to teach an employee to do a particular job

-Safely

-Correctly

-Conscientiously-Conscientiously

JI Motto –

If the employee has not learned,
then the instructor has not taught!



JI Training Matrix



Job Breakdown Sheet

Job Breakdown Sheet

Operation:

Parts:

Tools & Materials:

Safety Equipment:

JI Teaching Pattern
1. Prepare the learner
2. Present the operation

•Major Steps
•Key PointsSafety Equipment:

Major Steps Key Points

•Key Points
•Reasons Why

3. Try out the job
•Silent
•Major Steps
•Key Points
•Reasons Why

4. Follow up



Work Standards

Technical documentation that form the basis for the process

•Operation drawings•Operation drawings
•Tooling
•Gauging
•Quality checks
•Daily maintenance
•Trouble shooting

Standardized Work



Works Standards – Operation Drawing



Works Standards (Quality Check Method)



Works Standards (Tooling Detail)



Works Standards (Machine Accuracy)



Works Standards (Machine Cycle Chart)



Machining Line 1990’s



Standardized Work

3 Requirements

-Repetitive cyclical work
-High process and part quality

Definition: a document centered upon human motion that combines the
elements of a job into the most effective sequence with minimal waste to
achieve the most efficient level of production possible under current conditions.

Actual
Standardized
Work in TPS

-Takt time
-Work sequence
-Standard work in process

3 Requirements -High process and part quality
-Low equipment downtime

3 Forms
-Process capacity sheet
-Standardized work combination table
-Standardize work chart

3 Elements



Standardized Work - 1



Standardized Work - 2



Standardized Work - 3



Standardized Work & Kaizen

1. Clarify the
Goal (T/T)

2. Analyze the
Current Situation

6. Evaluate the
New Method

3. Generate
Original Ideas

4. Develop
Implementation
Plan

5. Implement
the Plan



Standardized Work and Kaizen in Assembly

•Takt time changes monthly
•The allowed labor changes
•Work must be rebalanced
•Standardized work changes
•Kaizen is required

•Eliminate•Eliminate
•Combine
•Rearrange
•Simplify

Questions on Standardized Work?



1. How will you
satisfy the
customer and

3. How will you
achieve 100% JIT?

4. How will you build
in 100% quality?

•On-time delivery
•Inventory
•Lead-time

•Customer defects
•Scrap
•Rework

•Capacity losses

Typical
Problems

Countermeasures or
analysis tools

•VS Mapping
•Flow of product
•Pull system / kanban

•Abnormality detection
•Stop the machine
•Process Cpk

•6 losses

Key TPS
Questions

Basic TPS Questions

customer and
obtain a profit?

2. What are your
main problems in
production?
(or elsewhere)?

5. How will you
stabilize the
availability to 100%?

6. How will you
standardized work
100%?

7. How will you
develop natural work
team leaders?

8. How will you
sustain and improve?

•Capacity losses
•Downtime
•Scrap & Rework

•Labor productivity
•Scrap & rework
•Safety

•Team morale
•Skills development
•Small improvements

•Recurring problems
•Firefighting
•Poor problem solving

•6 losses
•OA / Maintenance
•Problem solving

•Job Instruction
•Standardized work
•Kaizen analysis

•TWI/JR
•TWI/JI
•TWI/JM

•PDCA/A3 Thinking
•Root cause analysis
•Recurrence prevention



Questions / Discussion

• A3 Thinking

• Standardized Work

• Other?• Other?

• Thank you!



Appendix



A3Thinking.com



ArtofLean.com


