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Capability 2: Swarming problems when they occur3

• Specified work designs capture best
understanding of how to succeed.

• Imbedded tests refute assumptions
implicit in the designs.

• Problems are solved as fast-
paced, low-cost experiments.

C1

C2

Work activities:
Production cells.
Standardized work.
“Poke yoke”

Links/connections:
Pull systems.
Just in time.
Low inventory.

Pathways:
Simple flows.

                                  
3 See “Learning to Lead at Toyota,” Harvard Business Review, 2004.
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Capability 3: Sharing knowledge where it is created4

• Specified work designs capture best
understanding of how to succeed.

• Imbedded tests refute assumptions
implicit in the designs.

• Problems are solved
as fast-paced, low-
cost experiments.

• New knowledge is shared broadly by
collaborative problem solving.

C1

C2

C3

Work activities:
Production cells.
Standardized work.
“Poke yoke”

Links/connections:
Pull systems.
Just in time.
Low inventory.

Pathways:
Simple flows.

                                  
4 See “Deep Smarts” by Dorothy Leonard and Walter Swap, Harvard Business Review, 2004.
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Capability 4: Managers train, coach, assist, and teach5

• Specified work designs capture best
understanding of how to succeed.

• Imbedded tests refute assumptions
implicit in the designs.

• Problems are solved
as fast-paced, low-
cost experiments.

• New knowledge is
shared systemically by
collaborative problem
solving.

• Senior people can design and
improve work, share knowledge,
and develop others.

C1

C2

C3

C4

Work activities:
Production cells.
Standardized work.
“Poke yoke”

Links/connections:
Pull systems.
Just in time.
Low inventory.

Pathways:
Simple flows.

                                  
5 See “Fixing Healthcare from the Inside, Today,” Harvard Business Review, 2005.
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Capabilities of the operationally outstanding

• Specified work designs capture best
understanding of how to succeed.

• Imbedded tests refute assumptions
implicit in the designs.

• Problems are solved
as fast-paced, low-
cost experiments.

• New knowledge is
shared systemically by
collaborative problem
solving.

• Vertical cascade of training, coaching,
teaching, and help.

•  The more senior people are, the more
capable they are at designing work,
improving work, sharing knowledge, and
developing the capabilities of those for
whom they are responsible.

C1

C2

C3

C4

Work activities:
Production cells.
Standardized work.
“Poke yoke”

Links/connections:
Pull systems.
Just in time.
Low inventory.

Pathways:
Simple flows.
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Failure Modes
Failure mode 1:
Copy lean tools only without making work self-diagnostic.

Failure Mode 2:
Workaround problems even when they are recognized.

Failure Mode 3:
Don’t share systemically what has been learned locally.

Failure Mode 4:
Don’t develop the capabilities of others to design work,
improve work, and institutionalize new knowledge.
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A Tale of Two Auto Plants
Plant 1 Plant 2

Union UAW UAW
Absenteeism 25% 2%-3%
Quality Abysmal Award winning
Productivity Abysmal Industry leading
Labor-Mgt. Record grievances Few grievances
On the job Drug and alcohol

abuse
Fine

Sales Not many Plant can’t keep up
with demand.
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Pratt &  Whitney: Engineering Standard Work
1. New platform projects on time and on budget while simultaneously

developing ESW
2. 4 times ROI for each dollar spent on ESW
3. Engineering Change Orders reduced by 50% in first year, by 15% in

following year
4. 2002 savings of $50 million from eliminated rework, plus undetermined

benefit from reduced “escapes”
5. Strong recent company financial performance, particularly in light of 9/11,

SARS, and general economic downturn
6. Significantly improved budget accuracy
7. Improved customer satisfaction
8. Capabilities to capture and capitalize on institutional learning
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Pratt and Whitney: History
Pre-1990s

“Built them, bust them” in the a think tank approach

Early 1990s

Structural
design

Aero-
dynamics

Materials … Heat
transfer

Integrated Program Deployment
Integrated
Program
Management
Team
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Prattt and Whitney: History (con’t)
Mid-1990s: A module approach

Structural
design

Aero-
dynamic

s

Materials Manufac-
turing

Heat
transfer

Integrated Program Deployment
Integrated
Program
Managem
ent Team

Structural
design

Aero-
dynamic

s

Materials Manufac-
turing

Heat
transfer

Integrated Program Deployment
Integrated
Program
Managem
ent Team

Structural
design

Aero-
dynamic

s

Materials Manufac-
turing

Heat
transfer

Integrated Program Deployment
Integrated
Program
Managem
ent Team

Structural
design

Aero-
dynamic

s

Materials Manufac-
turing

Heat
transfer

Integrated Program Deployment
Integrated
Program
Managem
ent Team

Mechanical Systems Turbine

Compression Combustor
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Pratt & Whitney: Late 1990s
Context

Cutting edge technology
Critical to corporate revenues and profits
Few customers
Intense competition
Retirement of experienced engineers

loss of institutional knowledge

Competitive Drivers
Shorter leadtimes
Fewer resources
Better quality.
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Pratt and Whitney: Engineering Standard Work6

Specification
Pathways: Workflow Maps
Connections/Exchanges: Design Criteria
Methods: Design Standards

Built in tests
Activity tests and computer tags to flag deviations immediately.

Immediate Problem Solving
Lessons Learned + Practitioner Assessments

to refine Maps, Methods, Criteria, Standards

                                  
6 See “Pratt & Whitney: Engineering Standard Work,” by H. Kent Bowen and Courtney Purrington, HBS Case 604-
103; See also “The Second Toyota Paradox,” by Ward, Liker, Cristiano, and Sobek, Sloan Management Review,
1995.  See also “Comments on the Second Toyota Paradox,” HBS case 602-035.
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Pratt and Whitney: ESW Results in 2002
$1 spent on ESW  a cost savings of nearly $4.
Engineering change orders: down 50% from 2001 to 2002.

down another 15% in 2003.
Rework savings: $50 million for 2002
Failure to execute ESW 

70% of all design quality escapes,
cost of more than $46 million.

Improved customer satisfaction
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Creating Toyotas of Healthcare:
The Case for Change

Fantastic Science
Huge advances …

AIDS management Infertility
Cardiac care Cancer treatments
Genetic therapies Low invasive surgeries
Joint replacements

Fantastic People
Doctors, nurses, technicians, administrators…

Well trained
Well intentioned
Hard working

Too Many Horrible Outcomes
100,000 deaths due to medical error
100,000 deaths due to infection
5x to 10x in injuries
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Things Can Be Much Better
West Penn Allegheny – Pre-Surgical Nursing
Metric Before After
Time between signing in
and starting registration Up to 2 hours 0

Patient time in registration 12 – 60 min. 3 min.
Gowned patients in
hallway 4 to 7 0

Public time in gowns (avg.) 25 min.. 0
Incomplete lab results 7 patients of 42 0
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UPMC Shadyside – Falls
Nationwide
2% - 4% of patients fall.
2% - 6% of falls  serious injury.

At Shadyside
Unit 1: 28 days without a fall
Unit 2: 95 days without a fall



4: TPS in Non-Manufacturing

Toyota U. 2005 - 32 - S. Spear

Central Line Infections at Allegheny General Hosptal

Nationally: 200k patients/yr.  Deaths: 15 - 20%.

2003 2004
Infections 37 6
Deaths 19 1
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Who Play’s What Role
The cast of characters in Bob Dallis’s experience

T. MEMBER

T. LEADERSDALLIS

G. LEADERS

SR. MGRS.

The “Standard Work” of a Plant Manager
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Capabilities of the operationally outstanding
Description Rationale
All work is designed as a series of nested
experiments.

• How work is expected to proceed is
specified before it is started.

• Work is started with best
understanding of how to succeed
made explicitly clear.

C1

• Tests imbedded in work indicate gaps
between what is actually happening and
what was predicted.

• When work is not successful, it is
immediately evident.

All problems are addressed when and where
they occur.

Problems don’t impact someone else’s work.C2

Problems trigger rapid, frequent, hypothesis-
testing experiments.

Problem solving yields countermeasures that
prevent problem recurrence and deepen
process knowledge.

C3 Local knowledge is shared systemically through
joint (experimental) problem solving.

The knowledge imbedded in solutions is
made explicit by exposing the problem
solving process.

C4 Those more senior build the capabilities of
those more junior through coached, mentored,
directed (experimental) problem solving.

Effective lower level process design, process
improvement, and knowledge sharing skill
must be continuously cultivated.
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Speaker Profile: Bio
Steven Spear has written extensively about how industry-leading organizations create competitive
advantage through the strength of their internal operations.  He has explained how they manage
complex work processes for high performance – achieving and sustaining unmatchable, superlative
combinations of quality, safety, efficiency, flexibility, and the like.  His articles about Toyota – an
exemplar of an operationally outstanding organization – have won three Shingo Prizes for
Excellence in Manufacturing Research, and he has published about quality and safety in healthcare
and about medical education in several well-regarded venues.

Spear has identified how those who are well organized for high performance tightly couple the work
they do with and learning how to do that work ever better.  He has tested these principles by
supporting the design and deployment of the Alcoa Business System and of the Perfecting Patient
Care system of the Pittsburgh Regional Healthcare Initiative.  He has worked with a diverse group
of other industrial and healthcare organizations.  Spear taught in Harvard Business School’s MBA
and executive education programs and at Harvard Medical School, and he will join the MIT faculty
in 2006.  Spear has been associated with the Institute for Healthcare Improvement as a senior
fellow since 2005.

Spear’s doctorate is from Harvard Business School, his masters degrees in management and
mechanical engineering are from MIT, and his bachelors degree in economics is from Princeton.
He has worked for the investment bank Prudential-Bache, the US Congress Office of Technology
Assessment, and the University of Tokyo.  He and his wife, Miriam, an architect, live in Brookline
MA with their three kids.
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Speaker Profile: Selected publications
“Operational Failures and Interruptions in Hospital Nursing Work,” with Anita Tucker, Health
Services Research, (Forthcoming).
“The Health Factory,” New York Times [op ed], (2005).
“Fixing Healthcare from the Inside, Today,” Harvard Business Review (2005).
“Ambiguity and Workarounds as Contributors to Medical Error,” with Mark Schmidhofer,
Annals of Internal Medicine (2005).
“Medical Education as a Process Management Problem,” with Elizabeth Armstrong and
Marie Mackey, Academic Medicine (2004).
(*) “Learning to Lead at Toyota,” Harvard Business Review, (2004)
“Driving Improvement in Patient Care,” with Debra Thompson and Gail Wolf, Journal of
Nursing Administration (2003).
(*) “The Essence of Just in Time,” Productivity, Planning, and Control, (2002).
(x) “When Problem Solving Prevents Organizational Learning,” with Anita Tucker and Amy
Edmondson, Journal of Organizational Change Management, (2002).
(*) “Decoding the DNA of the Toyota Production System,” with H. Kent  Bowen, Harvard
Business Review, (1999).

(*): Shingo Prize winning articles.
(x): Best paper proceedings, Academy of Management conference, 2001.


