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Overview

• Lean PD—is it making a difference?

• How Toyota does product development

• Current evidence of Lean in PD in aerospace

• Extending lean to the PD system level
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Is Lean Understanding Helping 
PD Performance to Improve?  

• We Have Learned a Lot About the TPDS Recently :
• Morgan and Liker (2006)
• Ward (2007)
• Others (Kennedy, etc.), including lean manufacturing that 

describes PD interaction with production
• Most focus on Toyota practices

• U Michigan research group the primary source
• Focused description of a specific context and operating 

concept
• Light on implementation/transformation insights (aside from 

taking decades to building the capabilities, as Toyota did)
• Many existing high-performance PD frameworks consistent 

with aspects of TPDS
• e.g., Reinertson, Cooper, DFSS, body of SE knowledge, etc.

Have these insights resulted in significant changes in the 
way product development is done in Aerospace?
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• Dollars of overrun per year in the military*

* GAO 06-368

What will development cost performance be for 
2000-2010?



! T A R G E T E D  C O N V E R G E N G E  C O R P O R A T I O N
Confidential & Proprietary. All Rights Reserved.

Toyota uses the Deming Cycle (PDCA):
Plan - Do - Check - Act.

But they augment with:
Genchi Genbutsu (go see for yourself), 
Five-Why Analysis (ask why five times),

Nemawashi (concensus building), 
Hansei (reflection events),

and Kaizen (continuous learning).

LAMDA puts it all together

LAMDA: The Continuous Process for learning

(as introduced by Dr. Allen Ward)
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Toyota PD Principles—Develop 
Flow in Core PD Processes

• Define customer value, then follow the most direct 
path to it in the design process by
• Reducing potential conflicts through tradespace 

exploration and planning exercises

• Minimizing variance by reusing designs, using well-
established routines, avoiding immature technologies

• Identifying and avoiding conflicts through activist 
program leadership and boundary-spanning 
organizational structures and roles

• Relying on capacity buffers to minimize disruption when 
activities diverge from plans

• Continuous improvement and learning exercises update 
processes, tools, and behavioral routines

See Morgan, James and Liker, Jeffrey, “The Toyota Product Development System”, 2006
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Toyota PD Principles—Develop 
Enterprise PD Capacity

• Develop enterprise PD capacity (e.g., engineers 
and suppliers) through 
• Closely supervised learning-by-doing and continuous 

improvement along well-defined advancement paths
• Experienced people filling key roles to ensure smooth 

and productive interactions across functions and 
boundaries 

• Using informal organization structure with 
entrepreneurial roles to avoid formal organizational 
bureaucracy from stifling innovation around satisfying 
customer value

• A strong culture of well-defined standard work, 
performance transparency, and continuous improvement 
motivating failure identification and elimination

See Morgan, James and Liker, Jeffrey, “The Toyota Product Development System”, 2006
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Toyota PD Principles—Support a 
Learning Enterprise

• Structure work to allow coordination and diffusion 
of learning through the simplest communication 
modes possible by
• Adopting technology when necessary and/or to 

automate or speed up well-understood processes

• Partitioning work into independent tasks and defining 
simple, direct, targeted communication processes to 
clearly define the minimum actions required for 
coordination and alignment

• Leveraging standard work definitions (both process and 
product) to capture and diffuse experience and learning 
through checklists and other work summaries/guidelines

See Morgan, James and Liker, Jeffrey, “The Toyota Product Development System”, 2006
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Ward’s Perspective on Toyota’s 
LPDS

• Value focus: focus on knowledge creation for profitable 
operational value streams.

• Entrepreneurial system designer (ESD): chief engineer who is 
the customer surrogate who is responsible for all aspects of 
success for the product (including profitability).  ESD cuts 
across boundaries but must be supported by strong functional 
departments.

• Teams of responsible experts: create a personnel system that 
rewards people for creating and teaching useful knowledge 
(knowledge that can be turned into profitable products).

• Set-based Concurrent engineering (SBCE): Aggressively 
explore trade space up front and eliminate weak options 
quickly.  Use tradeoff curves (updated continuously) to capture 
knowledge about key design decisions.

• Cadence, pull, and flow: release projects into organization on a 
regular cadence, use integrating milestones to reduce batch 
size of information transfers and establish pull (also as 
coordination mechanism across multiple groups.)

See Ward, Allen, “Lean Product and Process Development”, 2007
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5 S

• Sort

• Straighten

• Scrub

• Systematize

• Standardize
A prerequisite for establishing 
visibility of wastes and visual 

control
Photos from John Tile, BAE Systems, The Distributed Leadership of Lean 

to the Office & Engineering Environment, LAI Plenary Conference, April 2006

Before

After
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Standard Work

• Best process currently 
known, understood, and 
used today

• Tomorrow it should be 
better based on 
continuous 
improvement

• Standard work is the key 
to repeatability

Example source: Boeing S&IS, Idosor and Kozma presentation at 2006 LAI Annual conference PD session; see also
HBS case N2-604-084 (2003) for a description of engineering standard work at Pratt & Whitney

                              Criteria for "Accepting Work"
                                             PPD Process:  “Perform Detailed Stress Analysis”  

Task 
Description:

To determine if a task is ready to be accepted and prioritized within your sequence tasks, answer the following:

Entry criteria for beginning PPD Process:  “Perform Detailed Stress Analysis”  as follows:
YES NO N/A

1 Is Gate 2 closed? ! ! !
2 Bus system and subsystem specifications released? ! ! !

3
Subsystem environmental specifications released including dynamics, shock, 
thermal and survivability requirements? ! ! !

4
Development, analysis and test plans for all subsystems and environments 
are released? ! ! !

5 Launch vehicle interface and operations requirements established? ! ! !
6 Engineering release plan established that meets production schedule? ! ! !
7 Test procedures and test software identified only (not complete)? ! ! !
8 S/C Test Access Requirements are defined? ! ! !

9
GSE identified for subsystem and system integration and test support, plus 
Launch operations, including shipping containers? ! ! !

10 Preliminary Design Review (PDR) conducted? ! ! !

11
Exit criteria for “Define and Verify Development Testing” and “Perform Loads 
Evaluation And Iteration” PPD processes satisfied? ! ! !

12 List additional entry criteria or critical items required to begin and complete this task:

Part A
Based on your answers to the above questions, is the entry criteria 
sufficiently satisfied to begin the process? YES NO N/A
Consider maturity and availability of critical items needed. ! ! !

Inputs required for beginning PPD Process:  “Perform Detailed Stress Analysis”  as follows:

Are the following inputs sufficiently mature and available? YES NO N/A

1
DESIGN: Updated Detailed Structural Layouts and Drawings, Special 
Requests ! ! !

2 MASS PROPERTIES: Gate 2 Mass Props Report ! ! !
3 DYNAMICS: Q.S. Design Loads and/or CLA Loads from Launch Vehicle ! ! !
4 THERMAL: Areas of special concern for thermal distortion ! ! !

5 TEST: Test Report from Development Testing, Limitations of Test Equipment ! ! !

6
MSE: Gate 2 Updated Performance Specs and Areas of special concern for 
Critical Clearance ! ! !

7 List additional inputs or critical items required to begin and complete this task:

ACCEPT

                               Criteria for "Prioritizing Work"
                                             PPD Process:  “Perform Detailed Stress Analysis”  

Task 
Description:

To assess how the accepted task should be prioritized within your sequence of tasks, answer the following:

1
What is the schedule end date and duration of the task per official ESS 
schedule or equivalent (primary consideration for prioritizing task) ?

YES NO
Unable 
to Rate

2
Is the scheduled duration of the task close to the normative time usually 
required to complete the task? ! ! !

3

Is this task related to a hardware or on-the-floor assembly, integration, or 
testing issue requiring immediate attention?  Consider PA or TA issues as 
appropriate. ! ! !

4 Is this task a long lead item on a value-added critical path? ! ! !

Low Medium High

Rate the following: 1 2 3 4 5
Unable 
to Rate

5 Level of technical risk if accepted task is not given higher priority? ! ! ! ! ! !
6 Level of schedule risk if accepted task is not given higher priority? ! ! ! ! ! !
7 Level of costs risk if accepted task is not given higher priority? ! ! ! ! ! !
8 Level of risk associated with Heritage vs. New Program/Subsystem/Part? ! ! ! ! ! !

9 List other factors critical to assessing the priority of this task.

Based on your answers to the above questions and using the Task 
Category Worksheet, enter this task into the task log and prioritize 
accordingly.

PRIORITIZE

                               Criteria for "Completing Work"
                                             PPD Process:  “Perform Detailed Stress Analysis”  

Task 
Description:

To determine if you are ready to end this task and finish this process, answer the following:

Outputs required at end of PPD Process:  “Perform Detailed Stress Analysis”  may include following:

Should any of the following be a deliverable upon task/process completion? YES NO N/A
1 Technical Interchange Meetings (if applicable) ! ! !
2 Current System and Detailed Finite Element Models (if applicable) ! ! !
3 DESIGN: Timely Design Changes, Iteration, and Final Approval ! ! !

4
FABRICATION: Any specialized processes to be used in manufacture of 
parts (via DESIGN) ! ! !

5
MSE: Specification Changes (if applicable), CLA Structural Loads 
Assessment Report, Individual Stress Analysis Reports ! ! !

6
p p

task:

YES NO N/A
Part A Have you completed the deliverables described above? ! ! !

YES NO N/A

Part B Have you completed the documentation for deliverables described above? ! ! !

YES NO N/A
Part C Have you archived both the deliverables and documentation for this task? ! ! !

Part D
Explain other factors critical to starting, completing this task/process, and 
producing the end deliverable.

YES 
COMPLETE

NO 
INCOMPLETE N/A

COMPLETE 
OR 

INCOMPLETE
Based upon your answers to Parts A to D, is this task completed and ready 
to be removed from your sequence of tasks in your task log? ! ! !

COMPLETE

Task Category Worksheet

The Task Category Worksheet provides guidance in determining the priority of tasks.  
For example, a Category 1 Task should have task completion priority over a Category 2 
through 7 Task.  Given a task duration, need date, qualified assessment of risk factors 
and this worksheet, Team Leads and Analysts can order their sequence of tasks on the 
Task Board accordingly.  Tasks not listed here may be prioritized according to the 
category description presented here.

Category Description Task Description

1
Category 1 Tasks require direct involvement of one (1) or more Stress Team members 
to resolve unplanned, on-the-floor technical and process anomaly issues or provide 
critical test support.  Multiple stakeholders including integration or test support personnel 
are vested in this schedule-critical task.

Support System Integration Anomalies
Support Hardware Failure Investigation
TA or PA Sign-Off
Support System Sine Test (Full-Up Config.)

2
A Category 2 Task describes planned, test-related work that requires involvement of a 
Stress Team Member.  Multiple stakeholders including test support personnel are vested 
in this schedule-critical task.

System Static Qualification & Acceptance Testing
Subsystem Static Proof Testing
Support System Dynamic Qualification & Acceptance Testing
Support RV, Acoustic, or Unit Related Testing
Development Test Preparation and Support

3
Category 3 Tasks describes the preparation and presentation of schedule-driven and 
Gate related benchmarks.  Deliverables including presentation materials are due by a 
date set by an external member (IPT, Program Manager, etc.).

IDR, PDR, or CDR Preparation and Presentation
Test Readiness Review (TRR) Preparation and Presentation

4

Category 4 Tasks represent the core of planned daily Stress Team activities.  The output 
deliverables of these activities are well-defined.  In addition, the entry and exit criteria for 
starting and ending the analysis process are clear.  Receivers of the deliverables expect 
completion of the task within a normative task duration by a specified need date.  Unlike 
Categories 1 and 2, there is sufficient play within the gated process and program 
schedule to prioritize tasks from this category behind Category 1 -3 Tasks accordingly 
based on nominal schedule, technical, or cost risks.

Loads Evaluation & Iteration
Performance Specifications Input
Detailed Stress Analysis
Detailed Layout and Drawing Review
Review Specifications, Drawings/Layouts, or ICDs
System Model Development and Updates
Thermal Distortion Analysis
Critical Clearance Analysis
Test Request or Specification Preparation and Predictions
Test Configuration Drawings Input or Preparation

CATEGORIZE

Desktop instructions guide serial task flow
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Visual Control and Andon

• Visual control helps identify the status of the process 
at a glance
• Makes the process apparent 

to everyone involved with or 
observing it

• Only valuable if used for active 
process management

• Andon is a specific visual control device, typically a 
group of lights indicating a the current status of the 
process
• Each step has a set of lights which indicates whether the step is 

proceeding as planned, needs monitoring, or requires immediate 
attention

• In a pull system, if action is required, the entire process stops to 
correct the problem

• Both concepts have been successfully applied to PD 
processes to improve throughput and control 
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Value Stream Map (VSM)

• Tool used to establish & document the 
process by developing a flow map

• Data Driven: Quantifies key parameters for 
each activity  (cycle time, cost, quality 
defects, inventory, etc.)

• Uses VSM Pareto Analysis to focus 
improvement efforts first on areas needing 
the most improvement

• Creates “ current state (as is)” and “future 
state (to be)” process depictions
• Where you actually are, where you want to be, and 

how to get there?

• Provides systematic method to improve a 
process by eliminating waste and creating 
value

References:
M. Rother and J. Shook, Learning to 

See, Lean Enterprise Institute, 1998
H. McManus, Product Development 

Value Stream Mapping, LAI 2005
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EVSM for a Large PD Enterprise

Leadership
Customers

SMC 
Enterprise

Partners
Contractors

Suppliers

1. Conceive, 
define, assess, 

and demonstrate 
future capabilities

Air 
Staff

$

OSD 
Policy

$

HQ AFSPC 
Direction 

Resources

JS 
rqmts

NSSO 
Archite
cture

SPO 
Workforce 
Expertise

Concept 
Definition 

(parameters, 
boundaries)

Industry 
design 

concepts

Labs 
technology

DARPA 
technology

CT: 2-5 yrs

System 
development 

schedule

System cost 
estimate

System 
specification

Performance 
assessment 

CSP

SMC 
Ownership 

of this 
process

HQ AFSPC 
system 

CONOPS

JS system 
rqmts

OSD, 
AFSPC, Air 

Staff 
Decision, $

Technology 
Assessment

Feasibility 
demonstration

User, 
warfighter, 

AFSPC, etc. 
rqmt

Alignment of 
multiple 

stakeholder 
priorities not 

well 
managed

Steps 1-3 
iterate 

concurrently

Industry 
future 

capabilities

Labs future 
capabilities

2. Matching 
Requirements to 

Technology
2. Evaluate 

technologies 
(AoAs & tech 

demos)

CT: 2-5 yrs
± 20 yrs

Invention 
of 

technology
Where is 
the actual 

technology
?

Identified 
technical 
solutions

System rqmt
to support 
technology

Demonstrate 
feasibility of 

technical 
solution

Analysis, 
reports, 
decision 

information?

Technology 
evaluations 

(SMC)

Cost 
estimates 

(SMC)

3. Requirements 
Definition

JROC: 
User 
rqmts

Congress: 
Congression
ally directed

DoD: 
POM 

guidance

AFSPC-
A5: User 

rqmts

Technology 
evaluations 

(labs)

Technology 
evaluations 

(contractors)

Cost 
estimates 

(contractors)

CT: 0.5-2 yrs
8-30 FTEs

Concept 
Defined

SAE/DAE: 
APB

COCOMs:
Costs
APB

AFSPC:
POM

Formal 
process

SPO: 
direction, 

funding, IMS

Labs: direction 
on new 

technology 
needs

Contractor: 
industry 

partner in 
TRD, specs, 
standards 

development

User/ 
operators:  

rqmts

Congress, 
OSD: 

guidance, 
budget

SAF: 
budget 

guidance

AFSPC: 
budget 

guidance

COCOM: 
budget 

guidance

SMC (SPO, 
staff, XD): 
Concepts, 
manpower, 
guidance

Labs, 
DARPA: 

Technology

Industry: 
concepts, 

constraints, 
schedules

4. Acq strategy:
Plan

4. Acq strategy:
Document

4. Acq strategy:
Obtain approval

CT: 3 mos
10 FTEs

CT: 6 mos
10 FTEs, 30 

PT
CT: 6 mos +

10 PT

Recurring 
downstream 

(in part)

Operators: prelim 
confirmation that 

system will be 
operable

MDA:
Documented 
acq strategy

DoD:  
Policy & 
guidance

MDA: 
reqmts

AFSPC: 
warfighter 

reqmts

SPO: 
workforce

SMC RFP team:
ASP, documented 

acq strategy

Users: prelim 
confirmation that 
their reqmts will 

be met

SMC 
functionals: 
workforce, 
guidance

SMC RFP 
team:

workforce

Co-dependent 
systems teams:

Projections 
compatible with 
their programs

Industry: 
proposal, 
comments

5. Develop RFPs
and solicit 
proposals

5. Evaluate and 
award contracts

SPO: 
workforce

SMC 
functionals: 
workforce, 
guidance

SAF/AQ

USECAF

CT: 4+ mos
6+ FTEs

CT: 3++ mos
10++ FTEs

SMC: 
RFP

Industry: 
input, 

negotiatio
ns

Industry: 
proposal

Multiple 
iterations

Long loop 
iterations 

across 
execution/ 

contracting 
boundary

Industry: 
protest

SPO: 
contract 
award

Industry: 
contract

SPO: 
contract

SMC: PM, 
acquisition 
workforce

Contract 
Awarded

Reqmts, 
CDD

APB

Budget

Assure/Verify

Known 
baselines

7. Configuration 
Management

LCC
4-30 FTEs

User: 
reqmnts

Internal 
regulatory 
standards

Design 
Approval

Updated 
baseline

7. Design 
reviews SRR, 

SDR, PDR, CDR

7. Inspections: 
component, 

end item, IRRT

7. Tests: 
component, DT 

& OT

3-6 mos
10-30 FTEs

2-4 mos
5-30 FTEs

4-12 mos
50-100 FTEs

Spans the 
lifecycle

Approval 
documents

Industry 
standards

Contractor 
data

KTR test 
flow

Industry: 
protest

SPO: 
contract 6. Review and 

validate plan for 
work-to-go, test 

against resources

6. Report 
the plan

6. Work the plan, 
produce, measure 
the work, decide 

suitability

6. Plan 
alternative COAs 

for work-to-go

6. Change 
process

SMC: PM, 
acquisition 
workforce

Contract 
Awarded

CT: 1-3 mos
20-50% of SPO, 

5% of KTR

Reporting is 
a big deal 

here

SPO: 
plan

Reqmts, 
CDD

APB

Budget

Industry: 
execution 
measures

Industry: 
IMP, IMS, 
resource-

loaded 
schedule 

acquisition 
workforce

Work and $$ 
are here

CT: weekly + 
longer

50-90% of SPO, 
100% of KTR

Industry: 
constructive 

change 
direction

SPO: 
Status

Status

Status

Status

Status

Reqmnts
changes

Budget 
changes

Change 
technical 

issues

Change 
progress 
to plan

CT: 3-12 mos
25-50% of SPO, 
10-50% of KTR

Plan

Work

Change/Adapt

Industry: 
updated 
product

Approvals

SPO: 
Updated 

plan

NSA, etc.: 
Change 

notices to 
lateral 

partners

Actionable 
information, 

reqmnts
changes, 
resources 
changes

Change 
process: 

changes are 
numerous

Steps 6-7 are 
simultaneous 

and 
interdependent

Local loops 
can trigger 
big ones

Compliant 
end item

Delivery

Successful 
products

Test 
reports

Quality 
assurance 

data

Mission 
analysis 

data

Performance 
data

Other test 
data

8. Review

CT: Small 
(culmination 

of prior 
steps)

System 
Delivered

Signed 
certification

1/0

Fix

Delivered 
product

Rework 
loop

1st pass 
yield low —
don’t delay 

launch

User 
provides 

manpower 
and 

requirements

SPO cost 
estimates

SPO 
program 

management

Contractor 
products 
(system, 

documentation, 
training

MAJCOM, HAF 
POM support

System 
Fielded

System in 
Operation

9. Build, test, and 
deliver system 
(PME, spares, 

training, facilities

9. Deliver 
competent airmen

9. PPBE for 
production and 

O&M

Multiple years, dozens to 
hundreds of people dep. on 

program size

Multiple years, dozens of 
people to be trained, 

conduct training, develop 
and validate manuals, etc.

Cost estimate: 3-4 people, 
3-4 months; POM process: 

2-3 PT people, 6 months 
every year

Depot 
sustainment

SPO CLS 
Contract

Operational 
wing (go-to-
war capable)

warfighter

Commercial

NRO

Civil

10. Sustain fielded 
systems to meet 

targeted 
availability and 
performance

CT: 18-24 months

Functionals: 
workforce, 
guidance

SPO: 
workforce, 
translate 
reqmnt

Contractors: 
CLS, 

proposal

Labs: 
Technology

Depots: 
Proposal

Users: 
requirements

Leadership
Customers

SMC 
Enterprise

Partners
Contractors

Suppliers

Technology 
Development

Portfolio 
planning

Product 
Definition Design

Test & 
Evaluation

Contracting/ 
Procurement

Operations/ 
Support

Product 
Upgrades
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Lean PD Implementation in 
Aerospace

• Lean PD we’ve seen so far have implemented isolated aspects 
of these principles (or manufacturing lean techniques adapted 
to the PD environment)
• MIT/LAI research and interventions are necessarily limited to 

targeted elements of the enterprise
• Consortium members’ improvements efforts (with a few 

exceptions) often seem scoped by individual projects (e.g., 6-
sigma)

• Little evidence (so far) of system-level implementation of TPDS 
principles outside of high-volume environments

• “Heal Peter (then rob) to pay Paul”: impressive lean 
improvements in focused areas don’t always translate to 
program-level payoff because of offsetting non-lean activities

Lean Challenge: How to frame and prioritize lean PD improvement 
activities to enable better system-level performance?
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Lean SE and TPDS: Significant 
Overlap

Right Job 

Efficient Process 
Execution

Job Right 

Engineering 
Excellence

Leadership &
Organizational
Effectiveness

Meta Principles

SE Enterprise Principles

Overarching Practices

Metrics: 

Programmatic 
Success

? ? ? ? ? ?

? ? ? ? ? ?

? ? ? ? ? ?? ? ? ? ? ?

? ? ? ? ? ?? ? ? ? ? ? Create Profitable 
Value Streams 

Learning and 
Continuous 

Improvement

Maximize 
Learning-to-Cost 

Towering 
Technical 

Competence

Chief 
Engineer 
System

Meta Principles

LPDS Enterprise Principles

Overarching Practices

Metrics: 

Pull, Flow, 
Standardization, 

SBCE

Adapt 
technology to fit 
your people and 

process

Align your 
organization through 

simple, visual 
communication

Use powerful tools 
for standardization 
and organizational 

learning

Build a culture to 
support excellence

and relentless 
improvement 

Build in learning 
and continuous 

improvement 

Fully integrate 
suppliers into 
the PD system

Organize to balance 
functional 

expertise and cross-
functional integration 

Establish customer-
defined value 

to separate value-
added from waste

Front-load the PD process to explore 
thoroughly alternative solutions while 

there is maximum design space

Create 
leveled PD 

process 
flow

Use rigorous 
standardization to 

reduce variation, and 
create flexibility 

and predictable outcomes

Adapt 
technology to fit 
your people and 

process

Align your 
organization through 

simple, visual 
communication

Use powerful tools 
for standardization 
and organizational 

learning

Build a culture to 
support excellence

and relentless 
improvement 

Build in learning 
and continuous 

improvement 

Fully integrate 
suppliers into 
the PD system

Organize to balance 
functional 

expertise and cross-
functional integration 

Establish customer-
defined value 

to separate value-
added from waste

Front-load the PD process to explore 
thoroughly alternative solutions while 

there is maximum design space

Create 
leveled PD 

process 
flow

Use rigorous 
standardization to 

reduce variation, and 
create flexibility 

and predictable outcomes

Preliminary, for purposes 
of discussion;  builds on 
Morgan et al (2006), and 

Ward (2007)



©2007 Massachusetts Institute of Technology   Eric Rebentisch    4/17/2007    17

Getting Practical: Some Lean PD 
Things To Do

• Standardize work at individual and team levels
• Standard tools, cycle times, performance expectations
• Skills-based personnel progression system
• Process owner responsibility for continuous improvement

• Establish flow and pull processes
• Focus on creating and measuring consistent hand-offs across processes
• Create periodic integrating events/mechanisms/roles for project-level coordination
• Enable cadence in process execution and integration cycles

• Manage staffing for stability, capacity, and learning
• Level work load, prevent overburden (static and transient) of resources
• Keep pipeline of skilled staff, teachers, and leaders filled and flowing

• Use product architecting process to increase PD learning cycles
• Increase reuse of product artifacts, standardization, system integration understanding
• Enable knowledge capture and process refinement
• Use tradespace exploration as an opportunity to develop deeper understanding and 

knowledge about elements within the architecture (e.g., refine tradeoff curves)

• Expand tiers of the value stream participating closely in PD process
• Engage customers and suppliers in tradespace exploration and requirements 

specification


