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Use this Guide and Lead your Program to Excellence

Imagine running a program that inspires you every day: A program where everybody understands how they
make a difference for their customers, their internal organization, and society at large; where professionals
collaborate seamlessly over functional and organizational boundaries; where processes run like clockwork,
delivering what is needed and when it is expected; And where your greatest worry is ironing out a few slight
imperfections. In short: A Lean program! You can run this world-class program, and this guide has been written
to help you do that.

We have come to accept that big programs mean big problems, big bills, and big delays. In addition, we accept
that there is constant bickering between functional silos; conflicts among customers, contractors, and suppliers
that lead to frequent irritations, animosity, and open hostility; lawyers and bureaucrats run the programs; and
no work other than writing reports gets done. Conveniently, the excuses for doing so are endless (e.g., no time
for managing the program better because everyone is busy fixing problems, requirements change all the time,
regulations and compliance replace efficiency, new technologies fail, suppliers do not stick to their promises,
and qualified people are impossible to find).

This guide has been written for managers and engineers who are willing to take on the challenge to lead their
program to excellence.

In the 1940s, the three knowledge domains of operations research, systems engineering, and project
management emerged to allow the execution of the first truly large-scale and complex technology and
engineering programs. Now, 70 years later, the Lean Advancement Initiative (LAl) at the Massachusetts Institute
of Technology (MIT), Project Management Institute (PMI), and International Council on Systems Engineering
(INCOSE) joined forces to form a group of subject matter experts to distill and integrate the best ideas and
practices from those areas and address today’s challenges.

Over the last year, this group of subject matter experts from industry, academia, and government identified and
prioritized the top challenges that engineering programs face today, and consolidated them into 10 major
themes (Section 4). Guided by the Lean Thinking philosophy (introduced in Section 2), the group identified and
extensively validated approximately 300 best practices in 40 categories to address these challenges, drawing on
both program management and systems engineering. The result is the Lean Enablers for Managing Engineering
Programs (Section 5).

The biggest transformation journey starts with a single step—taking just one of our Lean Enablers can make a
difference (see 6.2.6 on Start Small by Selecting the Most Beneficial Lean Enablers for Your program.). We
encourage you to begin by reviewing our good sense recommendations in Section 5, pick two or three, and turn
them into common sense practices in your program (Section 7 also discusses more formal change management
approaches).

Successful programs prove that it can be done—and you can do it in your program too!

Josef Oehmen, PhD
May 2012, Cambridge, MA (USA)
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Executive Summary

This guide provides the findings of the Joint MIT-PMI-INCOSE Lean in Program Management Community of
Practice that are based on a 1-year project executed during 2011 and 2012. The community was made up of
selected subject matter experts from industry, government, and academia. The findings reported in this guide
are based on known best practices from the literature, program experience of the subject matter experts, and
input from an extensive community of professionals.

The findings of the Joint Community of Practice were extensively validated through community and practitioner
feedback, multiple workshops at INCOSE and PMI conferences, LAl-hosted web-based meetings, and surveys of
the extended professional community. The survey results clearly show that programs that use the Lean
Enablers show a significantly stronger performance in all dimensions—from cost, to schedule and quality, as
well as stakeholder satisfaction.

The core of this document contains (1) the 10 themes for major engineering program management challenges,
and (2) the 43 Lean Enablers with 286 subenablers to overcome these challenges, better integrate program
management and systems engineering, and lead engineering programs to excellence.

The main engineering program management challenges that were identified and addressed By Lean Enablers in
this guide are reported in detail in Section 4 and summarized as follows:

Major Challenge Themes in Engineering Programs that

Lean Enablers Help to Address

. Firefighting—Reactive program execution

. Unstable, unclear, and incomplete requirements

. Insufficient alignment and coordination of the extended enterprise

. Processes are locally optimized and not integrated for the entire enterprise
. Unclear roles, responsibilities, and accountability

. Mismanagement of program culture, team competency, and knowledge

. Insufficient program planning

. Improper metrics, metric systems, and KPIs

© 00 N O U1 b W N R

. Lack of proactive program risk management

10. Poor program acquisition and contracting practices

The Lean Enablers for Managing Engineering Programs—actionable best practices—can be found in Section 5
and are summarized as follows:

Lean Enablers (LE) Structured Along No. of Lean No. of
Six Lean Principles (LP) Enablers Subenablers

LE 1.x: Respect the people in your program (LP6) 6 38 35
LE 2.x: Capture the value defined by the key customer stakeholders (LP1) 6 44 46
LE 3.x: Map the value stream and eliminate waste (LP2) 11 75 53
LE 4.x: Flow the work through planned and streamlined processes (LP3) 10 64 68
LE 5.x: Let customer stakeholders pull value (LP4) 2 10 81
LE 6.x: Pursue perfection in all processes (LP5) 8 55 84
Total 43 286

Vi
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1 Introduction to the Guide on Lean Enablers for Managing Engineering
Programs

1.1 How to Use This Guide

1.1.1 Overview of the Content

The purpose of this document is to provide suggestions for managers and engineers who want to improve the
performance of their programs. The authors jointly collected and synthesized data to provide the best available
guidance on how to lead engineering programs to excellence.

We strongly recommend reading the entire guide to get an overview of the multi-faceted challenges and
solutions that it contains. The casual reader may refer to Table 1 as a guide to the most relevant sections for
their interest.

Tablel: Quick Reading Guide

Section Topics of Interest

Overview of Lean Integrating Checklist of Checklist of Structured
in Program Systems Program Risks Program Improvement
Management Engineering and Improvement Suggestions
Program Opportunities
Management

1. Introduction [ [ o
2. Lean Thinking (] o
3. Integrating Program
Management and [ [ ]
Systems Engineering
4. Top 10 Challenges o o
5. Lean Enablers [ o o o
6. Complementary PY P
Approaches
7. Implementation PY
Suggestions
8. Possible Barriers to PY
Implementation

Section 1 (this section) discusses the context of the document. This includes the motivation for developing this
guide, development process, applicability of the recommendations (beyond engineering programs, to projects,
and different life-cycle phases), as well as the relationship to the INCOSE “Lean Enablers for Systems
Engineering.”

Section 2 introduces the concept of Lean Thinking. It discusses the relationship of Lean value and program
benefits, outlines the types of program management waste, and introduces the six Lean principles that are used
to develop and structure the enablers for engineering programs.

Section 3 summarizes the key concepts and defines the main terms for better integrating program management
and system engineering. It briefly discusses the roles of program manager and system engineer, introduces the
two domains of program management and system engineering, discusses the types of program stakeholders,
and summarizes a framework used to measure value and benefits in programs.
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Section 4 contains the major engineering program management challenges that were identified during the
collaboration project. They are presented in 10 main categories: (1) firefighting—reactive program execution; (2)
unstable, unclear and incomplete requirements; (3) insufficient alignment and coordination of the extended
enterprise; (4) processes are locally optimized, not integrated for the entire enterprise; (5) unclear roles,
responsibilities, and accountability; (6) mismanagement of program culture, team competency and knowledge;
(7) insufficient program planning; (8) improper metrics, metric systems, and KPIs; (9) lack of proactive program
risk management; and (10) poor program acquisition and contracting practices.

Section 5 describes the corresponding Lean Enablers for Managing Engineering Programs. The section contains
all of the 329 Lean practices for improving program performance (43 Lean Enablers (LE) with 286 sub-enablers).
They are structured along the 6 Lean Principles (LP): LE1.x: Respect the people in your program (LP6); LE2.x:
Capture the value defined by the key customer stakeholders (LP1); LE3.x: Map the value stream and eliminate
waste (LP2); LE4.x: Flow the work through planned and streamlined processes (LP3); LE5.x: Let customer
stakeholders pull value (LP4); and LE6.x: Pursue perfection in all processes (LP5).

Section 6 highlights the relationship of the Lean Enablers for Managing Engineering Programs to other
complementary views and improvement approaches. They include Agile Development, Capability Maturity
Model Integration (CMMI), and Earned Value Management.

Section 7 gives some concrete advice on how to implement the Lean Enablers. It covers strategic program
enterprise transformation efforts, programs that are being newly started, and continuous improvement of
existing programs.

Section 8 highlights several barriers to the use of the Lean Enablers in the current program environment. It
summarizes the structural and strategic issues in the government and the corporate and academic spheres that
need to be addressed to make it easier for program managers and systems engineers to lead their program to
excellence.

The Appendix contains references to other helpful documents, the complete list of program management
challenges, an overview of the programs used in the content analysis to validate the Lean Enablers, a reference
list to the Lean Enablers, and a number of detailed mappings of the Enablers (to the Program Management
Performance Domains, to the program management challenges, the 26 INCOSE and ISO/IEC 15288 Systems
Engineering processes, and the Lean Enablers for Systems Engineering).

1.1.2 Getting Started with the Lean Enablers

The best practices for managing engineering programs, which have been condensed into the Lean Enablers, are
basically “good sense”. It is expected that this guide will contribute to making them “common sense” as well.
The Lean Thinking philosophy was used as the framework to identify those best practices that add value to
program management and systems engineering, as well as those practices that have the ability to integrate the
two domains across all functional and organizational boundaries. Lean excels at this and was therefore a natural
choice. Lean does not contradict other improvement approaches, provided that they too focus on delivering
more value for the customer stakeholders—the buyers and users. For example, in Section 6.1, we briefly discuss
the complementary relationship to the Agile approach.

It is not necessary (or advisable) to implement all Lean Enablers at once. Lean Enabler 6.2.6 states: “Start small
by selecting the most beneficial Lean Enablers for your program.” And 6.1.2 says: “Focus on achieving the
program benefits when selecting, customizing, and implementing program management standards, guidelines,
and maturity models.” This advice also applies to these guidelines. Clearly prioritize the improvement needs for
your program based on the 10 major challenges discussed in this guide. Then select those Lean Enablers for
implementation which promise the highest level of improvement for the implementation effort.
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This guide contains a number of mappings to assist in identifying the enablers that are most relevant for your
program:

1.1.3

Mapping of Lean Enablers against engineering program challenges (Section 5 and Section A.5.1)
Mapping of Lean Enablers against program management performance domains (Section 5 and Section
A.5.2)

Mapping of Lean Enablers against the INCOSE Systems Engineering Processes (Section 5 and Section
A.5.3) and the Lean Enablers for Systems Engineering (Section A.5.4)

High-level mapping of Lean Enablers against Agile Development (Section 6.1)

High-level mapping of Lean Enablers against the Capability Maturity Model Integration (CMMI) (Section
6.2)

High-level mapping of Lean Enablers against Earned Value Management (EVM) (Section 6.3)

Program Roles and Application Examples for the Lean Enablers

This guide provides valuable insights for a number of different stakeholders in an engineering program as

follows:

Program managers: Tailor management approach and processes when prioritizing and implementing
Lean Enablers.

Functional managers: Design the interface between functional domains (and their management) and
program management by implementing the corresponding Lean Enablers, for example, project
management, product development, engineering and systems engineering, corporate leadership,
marketing, and supply chain management, etc.

Continuous improvement and auditing functions: Update existing guidelines and checklists or design
process improvement workshops using the Lean Enablers.

Risk managers: Identify program risks using the engineering program management challenges as a
checklist and develop mitigation actions using corresponding Lean Enablers.

Customer and government perspective: Evolve and mature requirements with the assistance of the
enablers relating to customer stakeholders. Define expectations and rules for communication and
interactions with contractors and suppliers using similar enablers.

Corporate leadership: Apply the Lean Enablers to corporate transformation and improvement programs
and use them to help design internal best-practice standards for increasing the efficiency and
effectiveness of engineering programs.

All professionals in an engineering program: Apply the recommendations in this guide to all facets of
program management and benefit by increasing knowledge improving work performance, and
enhancing the growth of you career.

A more detailed discussion on the implementation of the Lean Enablers is contained in Section 7.

1.2

Motivation: Why Do We Need Lean Enablers?

Taking on large-scale engineering programs is one of the most difficult, risky, and—when done well—rewarding
undertaking a government or company can attempt. It not only pushes the envelope of what is possible, but
defines a new envelope. It generates capabilities, technologies, products, and systems that are innovative and
unique, and generates tremendous societal benefits—from hybrid cars to a trip to the moon, from road
networks to GPS navigation, and from carbon-neutral electricity sources to the “smart” city.
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On the other hand, large-scale engineering programs present formidable challenges. As an example, let us
consider the U.S. Department of Defense engineering development programs (mainly because detailed cost and
performance data are freely available’; reports of large-scale civil engineering programs provide similar
information.? The accumulated cost overrun of the largest 96 engineering programs has reached nearly $300
billion, a staggering amount, and the average schedule overrun is close to 2 years (see Figurel). Clearly, both
cost and schedule underperformance are not sustainable. So, what are the major challenges in these large-scale
engineering programs and how can we counter them?

Cost Increase of Largest 96 Acquisition Programs of the U.S. Department of Defense

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%
Engineering Cost Increase Total Cost Increase
(Research, Development, Testing and Evaluation)

\, J

Figure 1: Engineering programs are plagued by significant cost overruns.

In the 1940’s, the execution of engineering programs of this scale and complexity were comprised of three
disciplines: operations research, project and program management, and systems engineering.’ In the last 70
years, there have been major advancements in each of these disciplines. There are an impressive number of
books, magazines, and journals on each discipline; there are numerous masters’ degree programs for each
discipline, and there are various professional societies dedicated to the continuous development of these
disciplines. However, there is no single source for information that combines the knowledge from all three
fields. The Joint Community of Practice set out to close this gap and integrate the expertise from the three fields
(see Figure2). Using the operations management theory of Lean Thinking, program management and systems
engineering are integrated with it to develop a set of unique, relevant, and actionable recommendations for
program managers—The Lean Enablers for Managing Engineering Programs.

! United States Government Accountability Office: Assessments of Selected Weapon Programs. Report to Congressional Committees.
GAO-09-326SP. 2009

% Cantarelli et al.: Cost overruns in large-scale transportation infrastructure projects: Explanations and their theoretical embeddedness.
European Journal of Transport and Infrastructure Research, 2010, Issue 10, No. 1, pp. 5-18.

A highly interesting and readable history and background to this study is: Johnson, Stephen B. 1997. “Three Approaches to Big
Technology: Operations Research, Systems Engineering, and Project Management,” Technology and Culture 38 (4): 891-919.
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Figure2: The three foundations of this guide.

The application of the Lean Enablers allows you to:

e Setyourself up for success by creating a program culture with highly dedicated and motivated
professionals.

e Focus a program on delivering the value and benefits that will delight your customer stakeholders.

Eliminate all waste from your program and minimize necessary, non-value-added activities.

e (Create seamless integration between process steps and integration, leading to process flow and
customer pull.

e Institutionalize excellence by constantly striving to improve and perfect the delivery of value to
customer stakeholders.

Many of the Lean Enablers will not be surprising or novel to you as you read them, because they are all good
sense. Let’s turn them into common sense as well!

1.3 The Development and Validation Process of the Lean Enablers

From the beginning, the development of the Lean Enablers for Managing Engineering Programs was driven by
three principles:

e Ensure the highest level of applicability of the results to industry and government program management
practitioners.

e Operate as a joint MIT-PMI-INCOSE working group to unite the best of lean management, program
management, and systems engineering.

e Bring together subject matter experts from industry, government, and academia.

To this end, the group executed the following development and validation activities:

e The content of this guide was developed during a 1-year project by a group of subject matter experts
from industry, government, and academia (see page vii), with weekly project meetings that were
moderated by MIT-LAL.

e The program management challenges and Lean Enablers incorporate both the practical experience of
the subject matter experts, as well as the latest knowledge from academic literature on engineering
program management”.

* For an overview of the current literature, please see: Oehmen, J. et al.: Program Management for Large-Scale Engineering Programs.
MIT-LAI Whitepaper Series “Lean Product Development for Practitioners”. Massachusetts Institute of Technology, 2011. Available at
http://lean.mit.edu; Kinscher, K.: Identification of Lean Enablers for Program Management. Master’s thesis, Massachusetts Institute of
Technology and RWTH Aachen, 2011. Available at http://lean.mit.edu; Steuber, M.: Success Criteria and Enabler for Engineering
Programs. Master’s thesis, Massachusetts Institute of Technology and TU Munich, 2012. Available at http://lean.mit.edu; and
Oppenheim, B.: Lean for Systems Engineering with Lean Enablers for Systems Engineering. Wiley, 2011.
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e Each month, findings and progress were reported to the larger Joint Community of Practice which grew
to 140 practitioners, and their feedback guided the development process.

e  Four workshops were organized during the year (one through MIT, two at INCOSE conferences, and one
at the PMI Global Congress) to engage in customer and stakeholder dialogue and elicit feedback from
more than 180 participants.

e Two surveys of industry and government practitioners validated the findings of the group’s work: one
prioritized the program management challenges, and the other validated the suggested Lean Enablers
for Managing Engineering Programs.

e The Lean Enablers were validated further by comparing these recommendations with the management
practices of highly successful programs (see Section A.3 in the Appendix for a list of the programs).

The core results of these activities are the themes for major program management challenges reported in
Section 4, as well as the Lean Enablers for Managing Engineering Programs reported in Section 5. Additional
insights of the project are captured in Section 3, discussing various aspects of the integration of program
management and systems engineering. Section 6 contains a discussion (and mapping) to other approaches for
improving the performance of engineering programs, while Section 7 discusses a number of implementation
suggestions. Section 8 concludes the guide with the summary of a number of policy barriers that stand in the
way of the Lean Enablers.

While the subject matter experts are somewhat U.S.-centric, strong attempts were made to incorporate a global
perspective through the extended Joint Community of Practice and the international workshops where the
results were discussed.

1.4 The Impact of Using Lean Enablers in Engineering Programss

During the first phase of the validation, the extent to which “best in class” programs (see Section A.3) employed
the suggested Lean Enablers for Managing Engineering Programs was analyzed. This analysis included published
program documentation, studies, and application material submitted to PMI for its Project of the Year Award.
The three most highly successful programs where detailed information was available used between 60 and 75%
of the recommended enablers, which was a very encouraging result. Even in those programs where only brief
documentation was publicly available, we found evidence that the programs used approximately 30% of the
enablers.

We also found that all enablers were used at least once, and some were more popular than others. Some of the
most frequently used enablers were:

e Build a program culture based on respect for people (Lean Enabler 1.1).

e Frequently engage the stakeholders throughout the program life cycle (Lean Enabler 2.3).

e Develop a Communications Plan (Lean Enabler 3.11).

e Forevery program, use a program manager role to lead and integrate the program from start to finish
(Lean Enabler 4.3).

e Proactively manage uncertainty and risk to maximize the program benefit (Lean Enabler 6.6).

This relatively rough analysis was followed up with a detailed survey on the performance of successful and
unsuccessful programs, as well as the degree to which they use the Lean Enablers. Figure 3 shows the significant
difference in performance between programs considered to be successful and those considered to be
unsuccessful. Not surprisingly, successful programs on average overachieved in all performance dimensions,
whereas unsuccessful programs fell significantly short.

> For additional details on the validation studies, please refer to: Steuber, M.: Success Criteria and Enabler for Engineering Programs.
Master’s thesis, Massachusetts Institute of Technology and TU Munich, 2012. Available at http://lean.mit.edu.
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Average Performance of “Successful” vs “Not Successful” Programs

B Successful Program [l Not Successful Program
Financial Business Success

Cost

Product and/or Service
Performance & Quality

Schedule

Program Management
Process Quality & Efficiency

Learning & Change

Enterprise Strategy
Alignment
Average
1 2 3 4
Completely Failed to Failed to Met Targets Exceeded Targets
Meet Targets Meet Targets (by £ 10%) (by 10% - 30%)
(by more than 30%) (by 10% - 30%)

Average N: 54 programs per category; all differences are statistically significant

L )

Figure3: Successful programs show significantly higher performance than unsuccessful programs (Steuber 2012).

One obvious question is: Do the successful programs use more of the Lean Enablers more regularly? Figure 4
summarizes the strong survey results: Across the board, successful programs are ahead in using the Lean
Enablers, and these are presented in greater detail in Section 5.



Lean Enablers for Managing Engineering Programs

Use of Lean Enablers in Successful and Unsuccessful Programs:
Level of Agreement of Respondents

B Successful Program [l Not Successful Program

LE 1.x: Respect

LE 2.x: Value

LE 3.x: Value Stream

LE 4.x: Flow

LE 5.x: Pull

LE 6.x: Perfection

2 3 4
Disagree that Neither Agree, nor Disagree that Agree that
Lean Enablers Lean Enablers Lean Enablers
Were Used Were Used Were Used
Average N: 63 programs per category; all differences are statistically significant
\ 7

Figure4: Successful programs make better use of lean enablers (Steuber 2012).

1.5 Applicability of the Lean Enablers

1.5.1 Applicability to Different Types of Programs

Lean Thinking aims to create the best value for the program stakeholders, with minimum waste and in a
minimum of time. This is common to all types of programs: commercial and government, engineering and social
transformation, large and small. The Lean Enablers presented in this guide were developed from the challenges
observed in recent large-scale engineering programs, requiring millions to several billions of dollars, which
included aerospace and defense programs, systems or missions, large-scale infrastructure developments,
development and integration of complex IT systems, and development of new commercial product lines. Most
of the programs studied were ultimately contracted by a government customer; therefore the challenges may
be indicative of these types of programs. Government and commercial programs place different importance on
the challenges and, therefore, on the resultant enablers. However, this difference is believed to be largely a
matter of priority and not fundamental applicability.

The group of experts who developed the enablers made a significant effort to ensure that the enablers were
applicable to other types of programs, for example, organizational change programs (i.e., cost reduction,
restructuring, post-merger integrations, etc.), and social transformation programs (i.e., reducing childhood
obesity or preventing and treating post-traumatic stress disorder). Large-scale engineering programs are usually
large-scale socio-technical programs due to the significant influence they exert (e.g., redefining the way
companies of the program enterprise work together, opening new production and service facilities, improving
the quality of life of its users, etc.). It then becomes clear why the enablers presented here also apply to
important aspects of organizational and social transformation programs. A more detailed discussion of different
program types can be found in the general program management literature discussed in Section A.1.3.
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1.5.2 Applicability to Different Life Cycle Phases of Engineering Systems

The applicability of the Lean Enablers to managing and improving engineering programs rises and falls with the
systems engineering content of the programs®. While several aspects of the Lean Enablers are applicable
throughout the entire life cycle of an engineering system, all of them apply to the early phases of concept
generation and development (see Figure5).

r A

Utilization and

Development Production Retirement
Support

Main Focus: All Enablers Applicable Most Enablers Applicable

. J

Figure 5: Life-cycle phases of an engineering system and applicability of lean enablers.

The overall goal of the Lean Enablers in the early phases is to focus the program on achieving the maximum
overall life cycle benefits for the customer stakeholders—not to locally optimize any particular life cycle phase or
any particular stage gate.

While all Lean Enablers relating to Lean Principles 6, 3, and 5 apply to all life cycle phases, some of the enablers
addressing Lean Principles 1, 2, and 4 are specific to the concept generation and development phases (see Table
2).

Table 2: Applicability of Lean Enablers in System Life-Cycle Phases

Principles and Support

Lean Enablers grouped by Lean ’ Concept ‘ Development | Production Utilization Retirement

LE 1.x: Respect the people in your
P peopieiny ° ° ° ° °
program
LE 2.x: Capture the value defined b
P Y ° ° o o o
the key customer stakeholders
LE 3.x: Map the value stream and
S Vap ° ° o o o
eliminate waste
LE 4.x: Flow the work through
¢ Hhroug ° ° ° ° °
planned and streamlined processes
LE 5.x: Let customer stakeholders
® o o o ()
pull value
LE 6.x: Pursue perfection in all
P ° ° ° ° °
processes
@ All enablers apply O Some enablers do not apply

1.5.3 Applicability of Lean Enablers to the Management of Engineering Projects

A significant fraction of the enablers is also applicable to the management of engineering projects, under the
following circumstances:

® See INCOSE Systems Engineering Handbook, v. 3.2.2, October 2011, chapter 3 for a detailed discussion of the life-cycle phases of an
engineering system and the role of systems engineering.
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1. All of the Enablers apply to a project, if the project is a program. There is a significant variance in the
perception and use of the terms projects and programs in both industry and government. In this guide,
the difference between project management and program management is based on PMI’s standard
definitions. Program management work is described in detail in PMI’s The Standard for Program
Management — Third Edition which will be published in the coming months. It is aligned with a large-
scale Role Delineation Study conducted by PMI in 2010 that is documented and published as part of
PMI’s Program Management Professional (PgMP) Exam Content Outline’. The exam content outline
clearly describes the work in terms of domains, tasks, skills, knowledge and competencies that sets
programs and the roles of program managers apart from projects and project managers. We introduce
our definition of programs in Section 3.2. If a project aligns with this definition of programs, all enablers
apply.

2. If the project includes the execution of program-level activities, the corresponding enablers apply to
the program. Some organizations do not have a program management organization, so that projects
include most or all of the program management functions as well. Many programs start out as projects
and evolve into programs during their execution. If a program executes activities that fall within any of
the five Program Management Performance Domains, the corresponding enablers apply to your project
as well. The performance domains are (1) Program Strategy Alignment, (2) Program Benefits
Management, (3) Program Stakeholder Engagement, (4) Program Governance, and (5) Program Life
Cycle Management (see Section 3.2 for a more detailed discussion). All of the enablers in Section 5 are
mapped against these Program Management Performance Domains, so the domains that are relevant to
a specific project can be easily identified (see also Section A.5.2 in the Appendix).

3. The enablers address dependencies and interfaces between projects and programs. Many programs
suffer from a lack of defined boundaries, poor integration of processes and benefits, and no
coordination of the projects within the program. The Lean Enablers help both program managers and
project managers to identify and properly define boundaries to enable integration across these
interfaces and coordination of mutual responsibilities. Therefore, the enablers can serve as a starting
point for a structured review and optimization of the integration between the projects within the
program and the program itself, as well as between the projects within one program. In particular, all
Lean Enablers addressing the Program Life Cycle Management performance domain have a direct
impact on projects.

1.6 Relationship to the INCOSE Lean Enablers for Systems Engineering

The INCOSE Lean Systems Engineering Working Group® first published the Lean Enablers for Systems Engineering
under the leadership of Bohdan Oppenheim and Deborah Secor in 2009.° The results formed an important input
for the work of the joint MIT-PMI-INCOSE Community of Practice on Lean in Program Management, which
developed the Lean Enablers for managing engineering programs described in this guide.

All of the 147 enablers published as the Lean Enablers for Systems Engineering were integrated into the 329
enablers reported in this document. Minor edits were applied to make the formulations applicable to both
program management and systems engineering. This work was overseen by Bohdan Oppenheim and Deborah
Secor who served as subject matter experts in developing the Lean Enablers for managing engineering
programs. A detailed mapping can be found in the Appendix in Section A.5.4.

" The Project Management Institute: The Program Management Professional (PgMP) Exam Content Outline. Newtown Square, PA, 2010.
& Web page of the INCOSE Lean Systems Engineering Working Group:
http://cse.Imu.edu/about/graduateeducation/systemsengineering/INCOSE.htm

o Oppenheim, B., Murman, E., Secor, D.: Lean Enablers for Systems Engineering. Systems Engineering, vol 14, is 1, pp. 29-55, 2011
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The Lean Enablers for Systems Engineering received the 2011 Shingo Award for Operational Excellence and the
2010 INCOSE Product of the Year Award. They have been widely disseminated to nearly 2,000 individuals in
about 50 workshops, seminars and lectures delivered in 12 countries on three continents.

Bohdan Oppenheim’s book Lean for Systems Engineering with Lean Enablers for Systems Engineering™ contains
detailed explanations for each of the 147 enablers, with examples, promoted value, prevented waste,
implementation suggestions, lagging factors, and reading lists. A video lecture, powerpoint presentation,
reference guide, promotional brochure, case studies, student competition, and mapping of the 147 enablers to
the 26 INCOSE and ISO/IEC 15288 systems engineering processes can be found on the INCOSE Lean Systems
Engineering Working Group website.

% Bohdan W. Oppenheim: Lean for Systems Engineering with Lean Enablers for Systems Engineering. Wiley, 2011.
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2 Lean Thinking: A Brief Introduction!

2.1 Overview

Three concepts are fundamental to the understanding of Lean Thinking: value, waste, and the process of
creating value without waste, which are captured in the six Lean Principles. These concepts are described in this
chapter in the general context of product development and are explained in enough detail so that to the reader
does not need to refer to other sources. However, any reader who is new to the concepts of Lean Thinking
would benefit from reading an introductory book to Lean Thinking.*?

Lean Thinking adopts a number of practices previously known by other names, such as Six Sigma, total quality
management, concurrent engineering, test-as-you-fly, and others. The criterion we use for adoption is simple,
stated as follows:

If a best practice promotes value, reduces waste, and can be described by the 6 Lean Principles, it is
called Lean, and if the described best practice falls within the scope of the 5 Program Management
Performance Domains, it is considered here as a Lean Enabler for managing engineering programs.

2.2 Lean Value and Program Benefits

Value is what the customer says it is, considers important, and is willing to pay for. In simple applications, the
customer states what is required, and the contractor makes it and delivers it, hopefully satisfying or even
delighting the customer. This works well when buying ice cream, but is much more challenging when developing
a new, complex technological system.

In large-scale engineering programs (such as government programs), there may be thousands of stakeholders in
numerous communities of users, acquisition stakeholders, prime contractor and suppliers throughout the value
chain, and other stakeholders, such as politicians, lobbyists, shareholders, and banks, etc. Stakeholders promote
those aspects of value which are important to them, and are often in conflict with other stakeholders’
requirements. These factors make the value capture and contract formulation a significant challenge and a
costly process. Yet, value must be defined precisely, or the subsequent program will suffer delays, added costs,
frustrations, and, in extreme cases, program closure or failure. It is critical for everyone involved in the process
to be focused on capturing the final value proposition with the absolute best of competence, wisdom,
experience, and consensus. A value definition must be crystal clear, unambiguous, and complete, representing
the customer needs during a system life cycle and allowing effective channels for value clarification without
causing requirements creep.

In program management, the term benefits is often used to describe a concept similar to that of value. Benefits
in program management are defined as the achievement of explicit objectives and lasting change specified and
approved by customer stakeholders.

" This section has been adapted by the author from chapter 3 of his book: Oppenheim, B. W. (2011). Lean for Systems Engineering with
Lean Enablers for Systems Engineering. New York: Wiley. It is used here with the kind permission of the publisher.

12 5ee Section A.1.1 in the Appendix, for example: Womack, J. & Jones, D. (2003). Lean Thinking: Banish Waste and Create Wealth in Your
Corporation, (2nd ed.). New York: Simon & Schuster.

12



Published by the Joint MIT-PMI-INCOSE Community of Practice on Lean in Program Management

2.3 Waste

The ability to identify and eliminate waste is a critical skill for Lean Thinking; all work activities are classified into
the following three categories:*

1. Value-added (VA) activities, which must satisfy the following three conditions:
. Transform information or material, or reduce uncertainty (cannot be an unnecessary
bureaucratic task that creates no value).
. The customer must be willing to pay for it (explicitly, or, in more complex programs, implicitly,
that is, if the customer understood the details, the customer would approve of this activity).
. It is done right the first time. (This does not exclude legitimate, value-adding engineering

iterations, trial-and-error, etc.)

2. Required (also called necessary) non-value-added (RNVA) activities, which do not meet the previous
definition, but which cannot be eliminated because they are required by law, contract, company
mandate, current technology, or other similar reason.

3. Non-value-added (NVA) activities, which consume resources and create no value. They are pure waste
(e.g., unneeded reports and e-mails, idle time, defects that require rework, etc.)

Taiichi Ohno classified waste in manufacturing into seven categories. Several authors have adapted Ohno's
seven production wastes for engineering programs“.

Table 3 lists the wastes in the context of engineering programs.

2.4 The Six Lean Principles

The process of creating value without waste is captured into six Lean Principles: Value, Map the Value Stream,
Flow, Pull, Perfection, and Respect for People.15 The effectiveness of the Lean Principles has been demonstrated
in a broad range of work environments, including production, engineering, systems engineering, supply chain
management, finance and general administration, education, and health.*®

The best practices, which we call Lean Enablers, that implement the six Lean Principles in engineering programs,
are presented in Section 5. We introduce the Lean Principles in the following subsections in the established
order (starting with Value, ending with Respect). However, when discussing the Lean Enablers in Section 5, we
moved the section on implementing “Respect for People” to the top, as we believe that those enablers are the
most relevant, and the most often overlooked (the other Enablers then follow in the usual order).

13 Womack, J., & Jones, D. (2003). Lean thinking: Banish waste and create wealth in your corporation, (2nd ed.). New York: Simon &
Schuster.

% 0ehmen, J., & Rebentisch, E. (2010). Waste in lean product development. MIT-LAlI Whitepaper Series, Boston, MA: Massachusetts
Institute of Technology; Morgan, J., & Liker, J. (2006). The Toyota product development system: Integrating people, process and
technology. Boca Raton, FL: CRC Press (formerly Productivity Press); and Oppenheim, B. W. 2011. Lean for Systems Engineering with Lean
Enablers for Systems Engineering. Hoboken, NJ: Wiley.

'3 |n addition to Womack & Jones (2003) and Oppenheim’s works (2011), refer to Sugimori, Y., Kusunoki, K., Cho, F. & Uchikawa, S.
(1977): Toyota Production System and Kanban Systems—Materialization of Just-In-Time and Respect-For Human Systems. International
Journal of Production Research, Vol. 15, No. 6, pp. 553-564.

16 See Womack & Jones (2003); Oppenheim (2011); and Murman, E. et al. (2002). Lean enterprise value: Insights from MIT’s lean
aerospace initiative. New York: Palgrave.
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Table 3: Seven Types of Engineering Program Waste with Examples

Seven Wastes | Engineering Program Examples

Overproduction of
Information

Waiting

Unnecessary
Movement of
Information

Over-Processing of
Information

Inventory of
Information

Unnecessary
Movement of People

Rework, Defects

Producing more than needed by next process

Creating documents that were not requested

Redundant tasks, unneeded tasks

Over-dissemination, that is sending information to too many people (e.g., excessive e-mail
distribution)

Sending a volume when a single number was requested

Work on an incorrect release (information churning)

Lack of reuse of expertise, reinventing the wheel

Waiting for information or decisions

Information or decisions waiting for people to act
Large queues throughout the review cycle

Long approval sequences

Unnecessary serial effort

Hand-offs

Excessive information distribution

Disjointed facilities, politically motivated geographical distribution of work (e.g., "made in 50
states"), lack of colocation

Refinements beyond what is needed

Point design used too early, causing massive iterations

Uncontrolled iterations (too many tasks iterated, excessive complexity)

Lack of standardization

Data conversions

2-D drawings (3D should be used consistently)

Use of excessively complex software "monuments" for no apparent reason (e.g. use of complex
software when a spreadsheet would be acceptable)

Keeping more information than needed

Excessive time intervals between reviews

Poor configuration management and complicated retrieval

Poor 5 S's (sorting, straightening, systematic cleaning, standardizing, and sustaining) in office or
databases

Unnecessary movement during task execution
People having to move to gain or access information
Manual intervention to compensate for the lack of process

The killer “re’s”: Rework, Rewrite, Redo, Re-program, Retest...

Unstable requirements

Uncoordinated complex task taking so much time to execute that it is obsolete when finished and
has to be redone

Incomplete, ambiguous, or inaccurate information

Inspection to catch defects

2.4.1 Principle 1: Value

Capture the value defined by the customer stakeholders, who may be either external or internal. The external

customer who pays for the system or service defines the final value for the deliverable. Internal customers

receive the output of a task or activity and usually do not explicitly pay. In both cases, the customer stakeholder
is the one who defines what constitutes value. The importance of capturing both task and program value with
precision, clarity, and completeness cannot be overemphasized, to create a clear program strategy and avoid

unnecessary rework before resource expenditures ramp up. For programs with a very long duration (such as
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complex technology acquisition programs by the government), external factors can change, and customer value
expectations may need to be revisited, updated, or revised.'” Clearly, a careful balance is needed. On the one
hand, constant change and instability must be avoided or the system costs will grow and the schedule will
lengthen (e.g., the Space-Based Infrared System (SBIRS) program®®). On the other hand, customer value
expectations or threats may change, and an original value proposition could become obsolete (e.g., cancellation
of further F-22 aircraft production). This is the strongest argument for shorter program schedules. The Lean
Enablers that operationalize this principle are designated “2.x” and are presented in Section 5. (The Lean
Enablers start with those relating to Lean Principle 6, because of its importance (see also Section 2.4.6).

2.4.2 Principle 2: Value Stream

Map the value stream (plan the program) and eliminate waste. Map all end-to-end linked tasks,
control/decision nodes, and the interconnecting flows necessary to realize customer value. During the mapping
process, identify and eliminate all non-value-added activities, minimize all necessary non-value activities, and
enable the remaining activities to flow without rework, backflow, or stopping (the flow is described in Principle
3). A key concept to grasp in moving from the manufacturing to the engineering domain is that in
manufacturing, material is being transformed and moved, while in the latter, information is being transformed
and moved. The term information flow refers to the packets of information (knowledge) created by different
tasks, which flows to other tasks (design, analysis, test, review, decision, or integration) for subsequent value
adding. There are a number of implications when applying Lean Thinking principles, techniques, and tools to a
medium that is as fluid as information. Careful detailed planning and program front loading, common or
interoperable databases, rapid and pervasive communication of decisions using Intranets or personal
communication and frequent integrative events for efficient real-time resolution of issues and decision making,
stand-up meetings, or virtual reality reviews are some techniques to keep information flowing. Each task adds
value if it increases the level of useful information and reduces risk in the context of delivering customer value.
There exist practical guides for value-stream mapping in engineering programs.*

The generic term planning includes two distinct phases: (1) enterprise preparation and (2) program planning.
Lean corporate enterprises prepare resources (people, processes, and tools) that will serve all programs. These
resources include an infrastructure for continued employee education and training; creation of the communities
of practice; central databases with former design and program data, lessons learned, and knowledge shared;
standardization of processes; preparation of the program infrastructure, equipment, and tools; rotation of key
people; strategic decisions for subsystem reuse in future programs; and training of employees in the best
communication and coordination practices. These activities will serve all programs and should be handled at the
corporate level, enhancing the long-term competitiveness of the enterprise. In contrast, program planning refers
to the planning effort for a specific engineering program. The Lean Enablers that operationalize this principle are
“3.x"” and are presented in Section 5.3.

2.4.3 Principle 3: Flow

Flow the work through planned and streamlined value-adding steps and processes, without stopping or idle
time, unplanned rework, or backflow. To optimize flow, plan for the maximum concurrency of tasks—up to near
capacity of an enterprise. Robust capture of value, good enterprise-level preparations, and good program

Y Murman et al. (2002).

'8 United States Government Accountability Office: Defense Acquisitions (March 2007). Assessments of Selected Weapon Programs, GAO-
07-4065SP, Washington D.C.

Y See for example: McManus, H. (2004). Product development value stream mapping manual. Lean Advancement Initiative,
Massachusetts Institute of Technology.
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planning are among the necessary conditions for subsequent Lean execution of a program. Although difficult,
detailed planning of a complex program is critical for Lean. For example, it took Toyota several decades to
perfect its system, and Toyota employees still routinely claim that they are far from perfect.

In engineering programs, legitimate engineering iterations are frequently needed to address “chicken versus
egg” technical problems, but they tend to be time consuming and expensive if they cross disciplines. Lean flow
encourages an efficient methodology of “fail early — fail often” through rapid architecting and discovery
techniques during the early design phases. The Flow Principle also encourages techniques that obviate lengthy
iterations, for example through design front-loading, trade space explorations, set-based designs, modular
designs, legacy knowledge, and large margins. Where detailed cross-functional iterations are necessary, Lean
flow optimizes the iteration loops for overall value, while limiting the tasks within the loops to those that
experience changes of state and optimizing their execution for best value. The Lean Enablers that operationalize
this principle are “4.x” and are presented in Section 5.4.

2.4.4 Principle 4: Pull

Let customer stakeholders pull value. In manufacturing, the ideal pull principle is implemented as the Just-in-
Time (JIT) delivery of parts and materials to the needing station and to the external customer. In program
applications, the pull principle has two important meanings: (1) the inclusion of any task in a program must be
justified by a specific need or request from an internal or external stakeholder and coordinated with them; and
(2) the task should be completed when the stakeholder needs the output because excessively early completion
leads to shelf-life obsolescence, including possible loss of human memory or changed requirements, and late
completion leads to schedule slip and destabilization of carefully planned task sequences in the program.
Therefore, every task owner should be in close communication with the internal customers to fully understand
their needs and expectations and to coordinate work, modalities, and deliverables. Programs that are complex
enough to require systems engineering need both a Lean-Thinking customer as well as a Lean-Thinking creator.
A customer who makes arbitrary demands prevents a Lean outcome, and uncontrolled pull tends to create
chaos. The Lean Enablers that operationalize this principle are “5.x” and are presented in Section 5.5.

2.4.5 Principle 5: Perfection

Pursue perfection in all processes. Global competition is a brutal “race without a finish line,” requiring
continuous improvements of processes and products. Yet, no organization can afford to spend resources
improving everything on a continuous basis. To clarify the issue, there is a distinction between processes and
process outputs. Perfecting and refining the work output in a given task must be bounded by the overall value or
benefit proposition (system or mission success and program budget and schedule), which defines when an
output is good enough. Otherwise, the notorious waste of overprocessing may occur. Judgments should be
made by experienced domain specialists and engineers in close coordination with systems engineers and
program managers who are responsible for overall flow of value. In contrast, engineering and other processes
must be continuously improved for never-ending competitive reasons. It is important for the enterprise to
understand the distinction between process and product perfection and provide resources accordingly. Two
features of Lean help in prioritizing processes for improvement: (1) making all imperfections in the workplace
visible to all; and (2) prioritizing to eliminate the biggest impediments to flow. Seeing problems as they appear in
real time is conducive to making better decisions on corrective actions and better prioritization of
improvements. When noticed early, imperfections tend to be easier and less expensive to fix; unnoticed early
they tend to grow to crisis proportions and require extensive actions to mitigate. Making imperfections visible is
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a motivator for applying continuous improvement in real time.?’ The enterprise should create an effective
infrastructure for capturing knowledge and lessons learned and for promoting continuous education to make
each program better than the last. The Lean Enablers that operationalize this principle are “6.x” and are
presented in Section 5.6.

2.4.6 Principle 6: Respect for People

Respect the people in your program. A Lean enterprise is an organization that recognizes its people are the
most important resource and is one that adopts high-performance work practices. In a Lean program, people
are encouraged to identify problems and imperfections honestly and openly in real time, brainstorm root causes
and corrective actions without fear, and plan effective solutions together by consensus to prevent a problem
from reoccurring. When issues arise, the system is blamed and not the messengers. Experienced and
knowledgeable leaders lead and mentor, but also empower frontline employees to solve problems immediately.
Such an environment requires a culture of mutual respect and trust, open and honest communication, and
synergistic and cooperating relationships of all stakeholders. The Lean Enablers that operationalize this principle
are “1.x”and are presented as the first set of Enablers because of their importance in Section 5.1.

P 5ee Morgan, J., & Liker, J. (2006). The Toyota product development system: integrating people, process and technology. Boca Raton, Fl:
CRC Press (formerly Productivity Press).
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3 Integrating Program Management and Systems Engineering

3.1 Management Roles in Successful Engineering Programs

In the history of exceptionally successful engineering programs, one constant theme becomes evident:
successful programs are led by exceptional leaders who possess a critical skill set and maintain responsibility,
authority, and accountability for success throughout the program life cycle. Examples include the U.S. nuclear
submarine program led by Adm. Rickover, the early Skunk Works led by Kelly Johnson (U-2 and SR-71), the
recent Apple® products led by Steve Jobs, and many Toyota and Honda automotive programs.

These leaders exhibited four critical and complementary skills:

e Deep knowledge and experience in the program domain.
e Leadership and vision skills.
e Knowledge in both systems engineering and program management.

Program Technical View Unfortunately, in most cases, senior program
Management of the Problem leadership is trapped in a functional role mindset that
often lacks the understanding (and sometimes also
appreciation) of the complementary and critical skills
and functions that their counterparts perform. INCOSE
— and PMI have published a joint statement expressing
Engineer their commitment to closing this gap® (see Figure 6).

This is
our job!

This is
our job!

Program
Manager

PM SE
Process Process

While the focus of the Lean Enablers presented in this
document is the better integration of program
management and systems engineering, we strongly
recommend that the manager who, ultimately, is
responsible, has authority, and is held accountable for
the success of the program must have a strong
understanding of both program management and
systems engineering disciplines.

i M It is not important which path this manager followed to
Figure 6: Better program performance through attain this position or what the position’s title is. It is, in
inte_grati?n c>2f1program management and systems fact, different in programs from various companies and
engineering. various industries: program leader, program manager

or chief engineer, to name a few. For purposes of this
guide, we will refer to the person with the ultimate responsibility, authority, and accountability (RAA) in t