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Abstract
Large-scale engineering programs, in contrast to individual projects, are capable of delivering
tremendous benefits to their stakeholders, such as exciting new products and new technologies,
which, due to their sheer size and set-up, sometimes even define new markets and technical
boundaries. However, in part also because of their size and the consequential complexity, they suffer
from a variety of serious risks, which can lead to a wide range of consequences, ranging from
schedule delays and cost overruns to complete failure of the program.
In order to deal with these risks and uncertainties, a collection of best practices, the so called “Lean
Enablers for Managing Engineering Programs” were developed. However, this collection being of
considerable size, it is difficult to identify the relevant Lean Enablers that address the issues specific
to a program.
To better tailor Lean practices to the needs of a specific program, a method was developed to
identify which Lean practices are most relevant, based in part on their contribution towards
mitigating the risk in the program. This is done under a framework similar to a cost-utility analysis,
where the benefits to the program are found in the mitigation of risks, and the “costs” are incurred
through the implementation of Lean Enablers.
At present, program management literature contains recommendations and instructions on risk
management as a supporting process. The link between lean program management, which
incorporates the Lean Enabler collection, and risk management in the context of program
management, has not yet been studied. In the present study, a new process model is developed
which aims at integrating risk assessment and prioritizing Lean Enablers according to their relevance
for a specific program.
This thesis proposes to combine these two approaches by using a three-dimensional selection
procedure. The first dimension represents the criticality of the top ten risks a program could face and
which have been identified in a previous study. Based on a matrix that matches challenges to all Lean
Enablers that address them as mitigation actions, each Lean Enabler is attributed the risk criticality of
all the challenges it addresses. The second dimension consists of a self-assessment to which degree
the Lean Enablers are currently implemented in the program. The third dimension constitutes the
effort required for the adequate use of Lean Enablers. All three dimensions qualitatively or
quantitatively contribute to both the customization and the prioritization task. Minimal input from
the user of the process model leads to evaluation of each dimension.
To determine the level of risk (risk criticality), a FMEA-like method with five levels is proposed, which
calculates the risk level of a specific challenge as the product of likelihood of its occurrence and
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impact in case of its occurrence. As a measure of degree of implementation, a CMMI-like scale is
adopted, which also distinguishes between five levels of maturity. The third dimension in the overall
process model, the implementation effort, is based on a qualitative assessment of the previously
identified ten most relevant Lean Enablers.
A pilot test with a cohort of experienced systems engineers at a recent conference was used to
validate the development approach. Other pilot tests of the overall framework in a large car
manufacturing company, an aerospace company and a large energy company found the results to be
useful and applicable.
To conclude, a process model with the three dimensions risk mitigation potential (relevance), degree
of implementation and implementation effort of Lean Enablers is proposed. It facilitates the use of
risk management in the context of program management and allows for quick identification of
program relevant Lean Enablers. The process model was iteratively developed and tested and is
expected to provide the user with the ideal tool to order priorities and make decisions concerning
lean program and risk management activities.
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Task Description of Master’s Thesis
Start of Thesis: April 15th 2013
End of Thesis: October 15th 2013

Mitigating the Risks of Large-Scale Engineering Programs through Lean Management

1. Situation
Large-scale engineering programs, such as the new developments in the aerospace industry of the
Airbus A380 and Boeing Dreamliner, or the design and build of public infrastructure such as bridges,
tunnels and road networks (e.g. Boston Big Dig), are affected by a number of serious risks, and
subsequently suffer from cost overruns of typically 50%-150%.
Significant risks include for example requirements stability and understanding, supply chain risks
(both in the innovation as well as production supply chain), technological maturity and reliability, and
the organizational capabilities of the main contractor.
At the same time, a host of best practices exist that deliver concrete advice to program manager to
increase their program’s performance. While not explicitly communicated as risk mitigation actions,
those best practices can be seen as key actions to address and manage program uncertainties and
their subsequent risks. Most recently, MIT developed a best practice collection called “Lean Enablers
for Managing Engineering Programs” that address uncertainties related to program effectiveness,
efficiency and the human aspects in programs.

2. Need for Action and Objectives
This thesis should focus on tackling engineering program performance challenges from a risk
management perspective. It should build on our current state-of-the-art knowledge on risk
management and engineering program management best practice, and extend them by a riskfocused program performance assessment, as well as a tailoring approach to map existing Lean
Enablers against the identified risks while focusing on the risk-mitigation potential.
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3. Task Description
The thesis breaks down into the following parts:
1. Understand the current state of the art
a. Familiarize yourself with the collection of Lean Enablers and the general literature on
risk management, program management best practices, program assessment, as well
literature with respect to implementation of new practices
b. Interview a group of subject matter experts and program managers regarding
current practices and challenges in risk and program assessment
2. Define the objectives
a. Define requirements for an effective and solution-focused risk identification and
assessment approach
b. Identify key gaps in current risk identification and program improvement approaches
c. Define key requirements for the effective selection and matching of program
management best practices as risk mitigation actions
3. Develop solution
a. Develop solution variants and combine them to an overall process model that
encompasses risk identification and assessment with mitigation action selection and
implementation effort determination for new best practices
b. Develop practical methods for each process step
4. Validate solution
a. With our subject matter experts and partner companies, validate your suggestions in
a pilot trial
b. Collect feedback and lessons learned to improve your method
5. Document results through:
a. Master’s thesis
b. Manual for subject matter experts and community

4. Administrative issues
Dr. Josef Oehmen from MIT will introduce you to the topic and will provide guidance and supervision
during your work. For everything regarding content of the thesis, he will be the right contact.
Additionally, Manuel Rippel and Aldo Duchi from the ETH Center for Industrial Management will be
available for methodological questions. A work space will be available at MIT.
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1 Introduction
The present thesis addresses the practical problem of finding the most relevant lean program
management best practices for a specific program. This is accomplished based on the most imminent
risks the program is facing and which are assumed to be mitigated through implementation of these
lean program management best practices.
When confronted with problems potentially impacting the achievement of objectives, a program
manager needs to take action. The same is true when he realizes that program performance does not
match the expectations. The aforementioned lean program management best practices are
connected to program performance, and are therefore assumed to improve it (Steuber, 2012). They
are also expected to address critical challenges (Oehmen et al., 2012). Since the collection of these
best practices is quite extensive, it is necessary to quickly find the critical and suitable practice for a
specific program through a selection process. This process should consider some important practical
aspects, such as speed, usability, and simplicity. The goal of this thesis is to develop and validate this
process model.
The following chapter provides an introduction into the topics of program management and lean
program management. It further includes the first step of the problem solving cycle (PSC), which
constitutes an essential part of the Systems Engineering (SE) process and which is used as the basic
methodology for this thesis. Additionally, it contains an explanation of the motivation for this study,
the research scope is outlined and the structure of the thesis explained.

1.1 Background: Lean Program Management
The Lean Program Management Framework is built on the previously mentioned collection of lean
program management best practices, the so called Lean Enablers (LE). These bring the two domains
of Program Management and Systems Engineering together in a common framework that breathes
the spirit of Lean Thinking and therefore incorporates its basic concepts and principles.
Simply put, the goal is to design and execute a program in such a way, that value (or what the
customer is willing to pay for) is created without having waste as a by-product. Waste in this context
is anything that does not represent any value for the customer. In the following, these individual
concepts will be introduced and the lean program management framework will be introduced in
more detail.

1.1.1 Program Management
According to Oehmen, Rebentisch, and Kinscher (2011), program management is defined as “the
management of multiple related projects and the resulting enterprise over an extended period of
13
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time to deliver a complex value proposition and utilize efficiency and effectiveness gains.” Mirrored
in the definition are the five critical characteristics (Kinscher, 2011; Oehmen et al., 2011):
 Programs consist of multiple, related projects and therefore have to be treated differently
from projects,
 they are carried out over a long duration, as they generally end only when the deliverables
are attained, i.e. in general no fixed deadline exists,
 they use economies of scale to aggregate tasks that are common in individual projects and
therefore can deliver higher benefits,
 they deliver a complex value proposition, in the sense that a program deals with a larger
group of stakeholders and as such needs to balance their needs and expectations, and lastly
 programs constitute their own enterprises as a result of having a relatively high degree of
autonomy and of needing a specific governance structure.
Kinscher (2011) also identifies two different program types: business transformation/organizational
change programs and engineering programs. Program management is applied for example in
organization-wide change efforts or in large-scale engineering endeavors. In (MSP, 2011, p. 10),
specification-led, business transformation, and political and societal change programs are
distinguished, where only the latter form a new addition to the ones already mentioned by Kinscher.
Their title describes the focus of the change planned to be achieved with the help of a program.
Specification-led programs are mostly engineering programs which pursue the “making and
delivering of new facilities” (MSP, 2011, p. 10). These programs, such as a major capital construction
program, are guided, as the name suggests, by specifications for the output. Business transformation
programs, on the other hand, focus on changing and transforming the way the business works, for
example by moving into a new market. These types of programs are mostly led by a vision of desired
outcomes. Lastly, programs with the intention of delivering political or societal change center on
improvements in society, e.g. as increasing mobility, reducing consumption of tobacco or childhood
obesity (MSP, 2011, p. 10; Steuber, 2012, p. 11).
The focus of the present study lies on engineering or specification-led programs.
Large-scale engineering programs have as results usually complex technical products or systems such
as airplanes, satellites (GPS) or software programs, immense infrastructure efforts like the
construction of a new airport, highway or bridge, or combine elements of both technology and
infrastructure. The benefits they deliver are therefore immense and sometimes even
groundbreaking, defining new levels of capabilities. But their sheer size and the built-in complexity
also manifests itself in higher risks, which can lead to significant cost-overruns and large delays in
schedule (Oehmen et al., 2012). Cantarelli, Flyvbjerg, Molin, and van Wee (2010) and Flyvbjerg,
Holm, and Buhl (2003) studied the outcomes of large-scale transportation infrastructure projects to
come to the conclusion that technical, economic, psychological or political influences are the main
drivers of significant cost-overruns. A similar finding is documented in reports to Congressional
Committees by the United States Government Accountability Office (GAO, 2006, 2010), which
investigated major weapons development programs. Here, the numbers are not to be
underestimated: The total cost increase of the largest 96 acquisition programs is nearly 25% and
amounts to almost $300 billion, whereas the schedule overrun approaches 2 years.
According to Shao and Müller (2011) and Shao, Müller and Turner (2012), programs are becoming
more widely used by organizations, and in the process of studying the reasons for program success
four dimensions were identified: delivery capability, organizational capability, marketing capability
14
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and innovative capability. To incorporate these capabilities and to manage the obviously difficult
entity of a program, a variety of standards and guidance books have been published. The two most
prominent ones shall be introduced at this point. Both not surprisingly include Program Risk
Management as part of the program management activities.

Figure 1-1: Relationship between organizational strategy & objectives and portfolios, programs, and projects
(according to PMI, 2013)

Figure 1-2: Hierarchy and high-level relation between portfolios, programs and projects (according to PMI, 2013)
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The Standard for Program Management
developed by the Project Management
Institute (PMI, 2013) sees a program
hierarchically as a subset of a portfolio
and as a collection of projects and subprograms (Figure 1-2), which also partly
explains the main difference between
projects and programs. The book also
describes in detail five program
performance domains (Figure 1-3). Of
special interest in the context of this
study is the Program Life Cycle
Management, where program risk
management is listed as a supporting
process of the benefits delivery part of
the actual program management process.
The program risk management process
Figure 1-3: Program management performance domains (according
itself
will be described in more detail in
to PMI, 2013)
chapter 3.1.
Managing Successful Programs (MSP), which was developed by the Office of Government Commerce
(MSP, 2011), describes a very similar approach to program management. Here again, the program
management process contains the program risk management process, which is discussed in more
detail in chapter 3.1.

1.1.2 Lean Thinking
The description of “lean” production was first used by Krafcik (1988) to discern it from buffered
production. The Toyota Production System (TPS), which served as the basis for Krafcik’s description,
was invented by Toyota Motor Company’s Vice-President Taiichi Ohno (Sugimori, Kusunoki, Cho, &
Uchikawa, 1977). Since then, the lean philosophy has not only conquered the world of production
and manufacturing, but has also swept into product development and management.
Womack, Jones and Roos (1991) played a decisive role in advertising the benefits of lean, which they
underlined in another book, Lean Thinking (Womack & Jones, 2003). In the second book, the so
called lean principles are introduced:
1. Specify value: The value in the end is defined by the final customer, whose needs
have to me met with the right product, the right price and at the right time.
2. Identify the value stream: “The value stream is the set of all specific actions required
to bring a specific product (whether a good, a service, or, increasingly, a combination
of the two) through the three critical management tasks of any business: the
problem-solving task running from concept through detailed design and engineering
to production launch, the information management task running from order-taking
through detailed scheduling to delivery, and the physical transformation task
proceeding from raw materials to a finished product in the hands of the customer.”
p. 19, (Womack & Jones, 2003).
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3. Flow: Flow means that all steps that create and add value to the final product need
to be synchronized to create one constant stream. In order to accomplish this, a
complete transformation of the entire organization might be necessary.
4. Pull: Having introduced flow beforehand, the principle of pull allows the customers,
internal or external, to “pull the product from you as needed rather than pushing
products, often unwanted, onto the customer.” p. 24 (Womack & Jones, 2003).
5. Perfection: Once all four previous principles have been satisfactorily implemented,
the sky is the limit and pursuing perfection in each principle and overall should be the
next goal.
The authors also openly dream of applying lean to other systems (p. 286). This suggestion has been
followed by Liker (2004), where Toyota’s Lean Product Development process is described, followed
by 13 suggestions on how to apply the same methods and principles to an entire company or
enterprise. However, he also mentions a caveat, as “a crisis may prompt a lean movement, but may
not be necessary to turn a company around” (p. 304). One can conclude from this statement, that
lean should already be applied to well running businesses and not only be considered when the
business performance is decreasing or other challenges are faced.
Oppenheim, Murman and Secor (2011) introduce the sixth lean principle, respect for people.
According to the authors, it was often called “the second pillar of Lean” (Sugimori et al., 1977) and is
elevated to the status of an additional sixth principle to “assure its maximum visibility and profound
consideration” (p.17).

1.1.3 Lean Enablers for Managing Engineering Programs
To fuse the topics of the two preceding sub-chapters, program management and lean management,
and to include the framework and methodology of Systems Engineering, a group of researchers,
industry practitioners and experts, in cooperation with the International Council on Systems
Engineering (INCOSE) and the Project Management Institute (PMI) and led by Dr. Josef Oehmen from
the Massachusetts Institute of Technology (MIT) set out to study the overlaps between these fields
and to identify best practices. As a result of the 15-month duration research project on lean program
management, the Guide to Lean Enablers for Managing Engineering Programs was published
(Oehmen et al., 2012). It has at its core the description of 43 best practices, the so called Lean
Enablers, grouped by the six lean principles. Each Lean Enabler contains a sub-set of sub-enablers
that offer more detailed information (Appendix A). In total, counting Lean Enablers and their subenablers, the collection amasses to 339 items (286 sub-enablers).
The content of this book, mainly the 43 Lean Enablers, provide the basis for the present study.
Steuber (2012) studied the relationship between success of a program and the use of Lean Enablers
in it and found that successful programs show a significantly higher use of them than not successful
programs (Figure 1-4).
To underline the link between the Lean Enablers and program management, Oehmen et al. (2012)
mention the program management performance domain where each Lean Enabler is thought to be
most applicable and valid. The distribution of the 43 Lean Enablers across the five performance
domains is relatively uneven, with one Lean Enabler spanning across all five domains and the
individual domains having the following amount of Lean Enablers addressing them: Program Strategy
Alignment 1 (2%), Program Governance23 (55%), Program Stakeholder Engagement 5 (12%),
Program Benefits Management 2 (7%) and Program Life Cycle Management 10 (24%), respectively.
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Figure 1-4: Use of Lean Enablers and relationship with program success (Steuber, 2012)
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1.2 Situation Analysis
To systematically investigate the problem at hand, the factors that influence it and the solution
space, the current situation is explored in the following sub-chapter. To accomplish this, the system
with the relevant domains is analyzed, where Program Management and Lean Thinking are two of
the four major knowledge areas. The topics of risk management and change management are
introduced in the literature review in chapter 3.

1.2.1 Task Analysis
Practical Motivation
The main goal of this thesis, as stated in the task description (page 5), is to address engineering
program challenges from a risk management perspective. This should be done based on the
collection of program management best practices, the Lean Enablers. As not all Lean Enabler might
be equally suitable for that task, it is part of this study to come up with a method to identify the ones
that actually create an impact for a particular program and on its challenges, also with respect to
their later implementation.
The increasing use of programs (Shao et al., 2012; Shao & Müller, 2011) combined with highly
dynamic and globalized markets, which foster the advent of Lean Thinking in organizations and urge
them to perform thorough risk management, those two factors call for an integrated framework that
addresses these issues and provides useful input in managing the systemic complexities.
The domains of Program Management and Lean Thinking have already been studied in Oehmen et al.
(2012), also including Systems Engineering. When it comes to implementing Lean Enablers and using
them as practices that support risk mitigation, two additional domains need to be considered: Risk
Management and Change Management. The focus of this study therefore lies on the interactions of
Program Management, Lean Thinking and Risk Management with respect to Lean Enablers. The
domain of Change Management needs to be considered as an adjacent field that provides knowledge
about the effort for change in the case of the Lean Enablers (Figure 1-5).

Figure 1-5: Four main domains of knowledge that provide the basis
for the present study
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The main question to be answered is how the rather extensive collection of Lean Enablers can be
reduced to a handful of the most beneficial and relevant ones for a specific program. Unfortunately,
“one size fits all” is not a motto applicable in this case and it is strictly impossible to implement all
Lean Enablers at the same time, so an adequate method needs to be developed to resolve this
problem. This is ultimately the higher goal to be achieved, namely to facilitate the implementation of
Lean Enablers.
The outcome of the method to be developed in the present study is imagined to consist of a
prioritized list of Lean Enablers where the following considerations and requirements were used for
screening: They address the most critical program challenges, they are currently not implemented to
a high degree in the program and they only require reasonable effort to be implemented.

Academic Motivation
The academic motivation of this thesis is not to create a new risk management process by using Lean
Enablers, but rather to develop a process that integrates risk management and its main aspects into
the implementation of the Lean Enablers, or at least to accomplish preparatory work for later
implementation. From the study of Steuber (2012), it is expected that Lean Enablers actively work
towards better program performance.
A more detailed research scope and the research gaps are presented in chapters 1.2 and 1.4.

1.2.2 Analyzing the Current
Management Research

State

in

Industry

and

Program

System Delimitation
At present, the system under investigation incorporates aspects from Program Management, Risk
Management, Change Management and Lean Thinking (Figure 1-6). A closer look at the individual
elements, namely the collection or Lean Enablers, the Program Management Process, the Risk
Management Process and, only superficially, the Change Management Process is depicted in Figure
1-7. Based on that representation, three unclear relationships can be identified. These provide the
basis for the research questions explained in chapter 1.4. The solution that answers these questions
and connects the dots in this system can be represented as a black box, depicted later in Figure 4-2.
The environment of the system shown in Figure 1-7 consists of the program’s suppliers, customers,
the company’s competitors and the general market environment, including volatility of stock
markets, trends like globalization and political regulatory influences. The area of investigation
includes the program performance domain of Program Life Cycle Management, shown in the figure
as the program management process, which is a three phase process consisting of program planning,
program benefits delivery and program closure. Depending on which standard is used, MSP or the
one from PMI, the phases are called differently, but they represent the same content and include the
same activities. Additionally, the area of investigation includes the change management process,
where here the one proposed by Lewin in (Lewin, 1947) is used. It also consists of three phases,
where the first one, “unfreeze”, symbolically describes the preparation for change and the
identification of the processes to be changed, the “change” phase where the actual change or
transition happens and the “refreeze” phase that aims at ensuring long-term sustainability of the
implemented change. Furthermore, the risk management process is investigated, shown here as it
can be found in both the ISO 31000 standard and PMI’s Standard for Program Management. Its steps
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are explained in greater detail in chapter 3.1.2. Lastly, the contribution from the domain of Lean
Thinking consists of the collection of lean program management best practices, the Lean Enablers.

Figure 1-6: Relationships between the different elements inside the area of investigation

Figure 1-7: Zoom into the system: The area of investigation & the area of intervention
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Taking a closer look at the area of intervention, one can see that of the processes and elements
mentioned in the area of investigation, almost all of them also appear in the area of intervention.
There are only few exceptions, the most apparent being the whole change management process. As
the goal of this study is merely to propose a method to facilitate and prepare implementation, but
including the aspect of implementation effort for customization and prioritization of the Lean
Enablers, the domain of change management does not need to be part of the solution space while
still providing some ideas and input for the solution to be developed. Missing in the area of
intervention is, for the same reason, also the fourth phase of the risk management process, which
focuses on the implementation of mitigation actions and thereby controlling and monitoring the
identified program risks. Not all phases of the program management process are included in the area
of intervention either. During the program closure phase, no more up front planning is required and
most of the decisions regarding planning and execution have already been made, so the process is
not applicable in this area. As stated in (Oehmen et al., 2012, p. 109), the Lean Enablers “can make a
significant contribution right from the program start when they are considered in the formative
stages”. But also during the execution phase of a program, where the benefits are delivered, the
process to be developed is expected to support decision making on a strategic and operational level.
As mentioned in the previous subchapter, the relationships between the remaining three elements
with respect to Lean Enabler implementation are of interest. They can be characterized with the
following questions:
1. How can the Lean Enablers with the highest risk mitigation potential be identified?
2. How can the Lean Enablers be tailored and customized to a specific program?
3. What is the effort associated with implementation of the Lean Enablers?

SWOT Analysis
The strengths and weaknesses of the system are shown in
Table 1-1, and the opportunities and threats in
Table 1-2. The tables are structured as follows: the first column mentions the so called success factor,
the main reason this characteristic is considered a strength, weakness, opportunity or threat (SWOT),
and the last column delivers a short explanation and provides additional details. The five columns in
the middle are used to rate the SWOT according to their relative inclination with respect to the two
dimensions in each table.

1.2.3 Summary of the Task
To summarize the problem, it is very difficult to identify appropriate best practices out of a collection
of considerable size for a specific program and its sometimes unique needs and circumstances. This
and the usually lengthy risk management process hardly suitable for quick decision-making, calls for
a new process or method to resolve these two main issues.
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Success Factor

--

-

0

+

Program Risk Management

Documentation of Program
Management

++

Reason / Explanation

X

Risk management is integrated into program management, (definition and delivery
phase), Interactions defined, risks have attention and mitigation planning is taking
place

X

Extensive: SOP, RAA (responsibility, authority, accountability) minimize uncertainties

Risk Management & Program
Performance

X

Successful risk management helps performance: Attention and support of top
management

Program
Performance
Program Challenges

X

Lean Enablers support program performance & address program challenges:
Implementation of Lean Enablers can increase performance by mitigating risks

&

Risk Management Standards
Number of Lean Enablers

X
X

Experience with Lean Enablers
Risk Identification

Standards exist, Use of standards: better quality and performance lead to cost
savings
Huge amount of Lean Enablers and sub-enablers makes selection difficult: Time issue,
expensive, knowledge required

X
X

Experience required for program risk management with Lean Enablers, experience
with Lean Enablers scarce
Risk identification is usually done in workshop groups: Time-consuming, subjective
and might not cover everything

Table 1-1: Analysis of strengths and weaknesses of the system under investigation
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Success Factor

--

-

0

+

Lean Program Management
Current research at MIT

quick

Quantitative process

Reason / Explanation

X

Emergent research on lean program management: Better understanding of field and
its elements and of requirements for individual programs

X

Risk Management

Need for
making tool

++

How to implement Lean Enablers: Focus on bridging gap between academia and
industry and how to introduce what knowledge

X

decision

Risk Management is becoming more quantitative: Together with increased use of IT
solutions in companies, data collection is not so difficult anymore
X

X

Table 1-2: Analysis of opportunities and threats of the system under investigation
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Need from management, saves time and can lead to quick wins, kicks off actions
during more detailed analysis
Not feasible in the near future: Metrics for lean program management are in the
process of being studied, but no concrete findings so far
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1.3 Objectives Formulation: Prioritization and Customization
Based on the SWAT analysis, a number of strategic opportunities can be identified. These are:
 Use internal strengths to develop external opportunities:
o Combine risk management and implementation of Lean Enablers: implement Lean
Enablers to mitigate risks
o Use existing knowledge as basis for further research
o Incorporate quantitative risk assessments into program risk management
 Use internal strengths to reduce/avoid external threats:
o Use quantitative methods where possible as outlined in standards
 Reduce internal weaknesses to perceive external opportunities:
o Faster and simpler risk management/identification
o Process usable by one person
o Use information about program to select Lean Enablers
 Reduce internal weaknesses and simultaneously avoid threats:
o Use qualitative methods, but assure accuracy and speed
o Ensure understandability without much prior knowledge
Objective

Extent / measure

Priority

Performance
•

Semi-quantitative risk assessment for most
relevant program risks

Level of risk / risk criticality

M/1

•

Customization of Lean Enablers to program

Risk mitigation potential

M/1

•

Identification of priority of Lean Enablers

Current degree of implementation
Implementation effort

M/1

•

User input needed

Minimal, as automated as possible

G/3

Usability
•

Number of users/respondents needed

1 – infinity (theoretically)

S/2

•

Amount of data needed

None

S/2

•

Comprehensibility of process

Easy, simple method and usage

M/1

•

Prior knowledge required

None, besides program

M/1

Completion time

<2h

S/2

Time
•

Table 1-3: Objectives for the search for solutions

With these strategies in mind, the objectives for the solution can be formulated. In Table 1-3, the
objectives and their corresponding characteristics are listed. Furthermore, there are specific
priorities to be found, ranging from M (mandatory), supplementary (S; “nice to have”) to best case
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(G; “gold coating”, desired, but not necessary). Special emphasis was put on a non-conflicting, noncompeting and solution-neutral formulation of the objectives.

1.4 Research Scope: Identification, Customization and
Implementation
The previous chapters gave a rough overview over the topics to be studied in the present study.
Additionally, the system under investigation and its weaknesses that need to be addressed by a
suitable solution were introduced. This aligns well with the research scope covered in this thesis,
which, in short, is how to efficiently use a risk-based perspective on lean program management to
improve overall program performance. For that purpose, three questions have been outlined (see
chapter 1.2.2). These, with the additional input from the literature review in chapter 3 can be
reformulated as research questions and to incorporate a wider perspective:
1. How can best practices with the highest risk mitigation potential be identified?
2. How can best practices be tailored and customized to a specific program?
3. What is the effort associated with implementation of best practices?
When looking at these questions more closely, one can see that the second question might take into
account also the responses to the first and the third question. This, however, is to be decided later
on.
Again, risk management is a thoroughly studied domain in industry and academia alike, and this
thesis does not aim at recreating established knowledge. Rather, as emblematized by the questions
above, the focus lies on best practices, particularly program management best practices.

1.5 Thesis Organization
In order to investigate the current state of knowledge, to develop solutions and to find answers to
the research questions, the following thesis is structured as pictured in Figure 1-8. Chapter 1
introduces the topic of program management and lean thinking, explains the task and the motivation
and also incorporates the first step of the problem solving cycle of the Systems Engineering
methodology, the situation analysis. Furthermore, the objectives for the thesis are outlined.
Chapter 2 introduces the research design and the methods used, which are literature review,
interviews and survey. These are applied to answer the research questions, to achieve the objectives
and to develop a solution to the problem posed. The Systems Engineering methodology and its
problem-solving cycle are explained in more detail due to their serving as a basis for a methodical
approach.
Chapter 3 investigates the state of the art in academic and other literature with respect to risk and
risk management, self-assessment and change management with focus on change effort. Special
emphasis is put on risk identification methods, risk evaluation and analysis formulas, self-assessment
metrics and measures for implementation effort.
Chapter 4 explains the development and testing, as well as the validation phase of the solution in
order to preemptively paint the big picture and to underline how the three following chapters are
connected. At the same time and as opposed to the thematic nature of the following chapters, it
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provides a more chronological overview. As such, the chapter incorporates the most important
results and milestones and presents the final proposition to solve the task at hand.
In chapter 5, the first research question is answered and its contribution to the process model
developed and detailed. This includes three parts: The definition of risks to be assessed, how they are
to be assessed and how the appropriate mitigation actions are to be found.
Chapter 6 centers around the program self-assessment step of the process model and how it is
combined with the results of the previous chapter to obtain a two-dimensional model of relevance
and importance for program management best practices.
The content of Chapter 7 includes deliberations on how to measure implementation effort of
program management best practices and how to incorporate them into a survey. Furthermore, the
survey scale, its design and the results are presented.
The last chapter provides a conclusion and then discusses limitations and weaknesses of the chosen
approaches and of the individual components of the process model. Additionally, it outlines potential
for future research and further improvements.

Figure 1-8: Relationship between steps of the problem solving cycle &
chapter structure
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2 Research Design and Methods
2.1 Systems Engineering as General Research Framework
Very small systems are usually simple, as the causal relationships between elements can be quite
easily studied. When systems grow in size and therefore more elements are involved, these
relationships lead to a complicated system, where a thorough analysis of cause of effect is still
feasible, but with a much higher effort. With increasing complexity, systems are no longer
understandable with conventional tools and a corresponding mindset. In history, this realization
called for a new methodology to analyze complex systems, the so called Systems Engineering.
Systems Engineering provides a systematic and structured approach to solving complex problems
and to dealing with large scale projects. Haberfellner and de Weck (2005; 1992), propose a complete
action model for complex system design (Figure 2-1). Besides this action model, the two basic
principles of Systems Engineering are also depicted on the left side, namely the “top down”approach, which stands for the rule “from the rough into detail”, and the “thinking in variants”.
Special emphasis is put on the problem solving cycle (PSC), of which the first step, the search for
goals, is used as a guideline in the previous subchapters (Züst & Troxler, 2006).

Figure 2-1: Action model for Systems Engineering (Haberfellner & de Weck, 2005)
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The search for goals/objectives as the first step of the PSC is divided into two parts, the situation
analysis and the goal definition. While the situation analysis aims at getting an overview over the
present situation, its influences and possible future developments, the goal definition focuses on
formulating the goals to be achieved by the solutions.
The situation analysis analyzes the system, its boundaries and the initial reasons for the project. This
is mainly done by comparing the current with the target situation and extracting the missing
elements.
The goals need to be as objective and solution-neutral as possible, in order not for them to artificially
narrow the solution space. Züst and Troxler (2006) recommend the classification into compulsory,
complementary and desirable objectives. Whenever possible, quantification for goal achievement
should be added.
In the middle phase, solutions have to be found and condensed in a methodical way, so that they can
be evaluated and selected in the final phase of the PSC.
In the second step of the PSC, a useful tool to creatively and objectively visualize and display solution
variants and their possible combinations is the so called morphological box. It leads, according to its
inventor Zwicky, “with astonishing certainty to discoveries and inventions, to the extension of our
knowledge about the nature and the relations of all material entities” (Zwicky, 1989).

2.2 Research Design
Figure 2-2 shows how the different elements of the research design are connected. The structure
follows the suggestions by Cooper and Schindler (2008, p. 141), which outline such a design to be
composed as follows: a plan based on the research questions, sources and types of information, a
framework for the relationship between the variables in the study and a procedure for every
research activity.
As sources, academic literature, the knowledge and experiences of industry subject matter experts
and the collection of program management best practices, the Lean Enablers, are used. All results are
obtained in part with input from literature through literature review and from the industry experts
through interviews. The interviews at the beginning are of more explorative nature and become
more detailed and focused as the research goes along. Only the assessment of implementation effort
is also based on the survey-based evaluation by a group of experts of the effort required for
implementation of Lean Enablers. The methods are explained and discussed in more detail in the
next chapter.
The three results constitute the main elements of the overall process model, or the three selection
criteria, so to speak. Therefore, they collectively answer the second research question. The first is
solely answered with the risk assessment results and the third with the results from the study of
implementation effort.
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2.3 Research Methods
2.3.1 Literature Review
According to Neuman (2006, p. 111), a literature review can serve one or more of the following
goals:
1. Demonstration of familiarity with a body of knowledge and establishment of credibility
2. Showing the path of prior research and linkage to a current research project
3. Integrating and summarizing what is known in an area
4. Learning from others and stimulate new ideas

Figure 2-2: Research Design for present thesis

While the literature review on program management and lean thinking fulfilled the second goal in
the form of a context review, the literature review in the next chapter focuses on goals three and
four, namely outlining the knowledge landscape in risk assessment, self-assessment and change
management effort, thereby integrating it and at the same time broadening the horizon and
increasing awareness for new input.
The sources for the literature review in the next chapter were found using the following resources:
 MIT libraries
 BartonPlus: an online research tool that searches all MIT libraries and every database MIT
has access to
 WorldCat: an online search engine that provides access to libraries other than MIT’s
 Google Scholar: an online search engine based on Google with focus on academic and
scholarly literature
 Recommendations from other researchers
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As the goal is to obtain an integrative review, the search was done by using simple keywords to
increase the size of the results collection as well as by searching for specialized phrases and
expressions. Literature cited in articles was also screened for suitable material.
The search for literature was not solely centered on academic publications, as some knowledge
domains for this study have not yet received rigorous and significant academic attention, but are
based on collective industry expertise.

2.3.2 Survey
Surveys provide a convenient way to collect information about a topic. However, some important
rules and caveats need to be observed in order for the obtained results to be valid and useful.
The need for a survey is given, among others, when the data needed for a specific analysis cannot be
obtained through any other source.
According to Fowler (2009, p. 11), a well-constructed survey aims at providing “statistical estimates
of the characteristics of a target population” and consists of three essential activities: Sampling,
question design and data collection. The sample represents a subset of the mentioned target

Step 1
Develop
hypotheses

Decide on type of
survey

Write survey
questions

Decide on response
categories

Design layout

Step 2
Plan how ro record data

Pilot test survey instrument

Step 3
Decide on target
population

Get sampling frame

Decide on sample size

Select sample

Step 4
Locate respondents

Conduct interviews

Carefully record data

Step 5
Enter data into computers

Recheck all data

Perform statistical analysis on
data

Step 6
Describe methods and findings in research report

Present findings to others for critique and evaluation

Figure 2-3: Steps in the process of survey research (based on Neuman, 2006, p. 277)
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populations, and during the sampling activity it needs to be verified that a description of the sample
applies also to the whole population. When designing questions, it is necessary to ascertain the
connection between the questions asked and the characteristics to be described. Data collection can
be performed in a variety of ways, from interviews to self-administered questionnaires (Fink, 2009, p.
9).
The considerations underlying the different aspects of survey generation are explained in chapter
7.2. The survey was designed following roughly the process proposed in (Neuman, 2006, p. 277), as
shown in Figure 2-3.

2.3.3 Interviews
As a subgroup of the survey research method, which generally has the goal of obtaining “accurate
information from another person”, conducting interviews is more personalized and direct. In fact,
Neuman (2006, p. 305) defines an interview as “a short-term, secondary social interaction between
two strangers with the explicit purpose of one person’s obtaining specific information from the
other”. The main difference between an interview and an online survey lies in the choice of answers.
During an interview, the interviewer has the possibility to clarify questions, deepen answers and
follow up on uncertainties or topics of special interest.
In the present study, interviews were conducted to collect additional information. A total of eight
interviews were conducted, if possible with carefully planned interview guidelines (Appendix B). The
first three interviews were of exploratory nature and only followed a rough outline of high-level
questions. The remaining interviews were used to validate and get feedback on developed content.
For these, only very few specific questions were detailed and asked. In most of them, important
input was collected during subsequent discussions about the same topic.
The interviews were conducted to achieve the following goals:
 Gaining insight into expectations of industry professionals and their understanding of the
problem (Chapter 4)
 Collecting additional information on risk management practices and tools in industry
(Chapter 5)
 Discussion of metric and validation of survey scale for implementation effort of Lean
Enablers (Chapter 7)
 Feedback on scope of the survey and its underlying model (Chapter 7)
The questionnaires for the interviews (both rough and more detailed) can be found in Appendix B.
In addition to these interviews, regular feedback in form of responses to specific questions was
obtained during regular bi-weekly conference calls with a group of industry subject matter experts.
These findings were incorporated into the final solution, but were not documented thoroughly
enough as a result of technical and organizational complexities of these calls. However, such input is
marked accordingly, wherever it is mentioned and used.
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3 Literature Review
3.1 Program Risk Management
3.1.1 Definitions
In order to properly discuss the issue of risk and risk management, the corresponding terms need to
be defined first. Literature provides a plethora of similar, but still slightly different definitions:
business risk, social risk, economic risk, safety risk, investment risk, military risk, political risk etc. (S.
Kaplan & Garrick, 1981). Different professions and industries have come up with a variety of
definitions of both risk and risk management (Haimes, 2009; Hall, 2011). Usually, they refer to risk
“as an exposure to losses in a project or as a probability of losses in a project” (Ahmed, Kayis, &
Amornsawadwatana, 2007, p. 2).
Hubbard (2010, p. 79) describes risk as “simply a state of uncertainty where some possible outcomes
involve a loss of some kind.” The MITRE Corporation in its Risk Guide looks at risks as “events or
occurrences that prevent a program from achieving its cost, schedule or performance objective”
(Engert & Lansdowne, 1999, p. 1). One of the most widely used definitions by Lowrance includes
similar elements, although some ambiguity remains: “Risk is a measure of the probability and
severity of adverse effects” (Aven, 2011; Lowrance, 1976).
According to Hall (2011) and Purdy (2010), recent efforts towards the development of uniform
standards, including language and approach, have resulted in the ISO 31000 (2009) standard.
Therefore, this document will be used to clarify the terms in the remaining parts of this thesis. Risk is
seen as the “effect of uncertainty on objectives”. This short definition is not sufficient without some
additional information. An effect is understood as “a deviation from the expected – positive and/or
negative” and objectives “can have different aspects (such as financial, health and safety, and
environmental goals) and can apply at different levels (such as strategic, organization-wide, project,
product and process)”. In this context, uncertainty is not to be confused with risk and is “the state,
even partial, of deficiency of information related to, understanding or knowledge of an event, its
consequence, or likelihood”. Kaplan and Garrick differentiate risk from uncertainty by stating the
symbolical formula
risk = uncertainty + damage
to express that risk “involves both uncertainty and some kind of loss or damage that might be
received” (S. Kaplan & Garrick, 1981, p. 2). Uncertainty can only be reduced and never be completely
eliminated, no matter how well risk management is performed.
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Moreover, risk is “often characterized by reference to potential events and consequences, or a
combination of these” and is expressed “in terms of a combination of the consequences of an event
[…] and the associated likelihood of occurrence” (ISO 31000, 2009, p. 1).
Not to be confused with risk and risk management is the idea of issues or problems and their
management. Issues or problems are events that are certain to occur, i.e. they lack uncertainty, and
therefore have to be dealt with immediately (Smith & Merritt, 2002, p. 6).
Often the term opportunity is used in conjunction with risk, as it is the common perception that
every risk also entails opportunities if dealt with appropriately. An opportunity “is the likelihood of
realizing a gain resulting from an allocation (or reallocation) of resources” (Alberts & Dorofee, 2009,
p. 26). In that sense, opportunity and risk are two sides of the same coin, and the outcome depends
on the management of risk and opportunity. It is therefore imperative for risk management
practitioners to not only consider risks and their potential caused loss, but also the gain associated
with a risk either mitigated or not manifesting itself as a risk.

3.1.2 Risk Management
Similar to the understanding of risk, risk management (RM) is perceived differently across industries.
Safety professionals, for example, see risk management as a way to reduce the number of accidents
and injuries, whereas it is seen as a part of a hospital’s quality assurance program by the hospital
administrator and insurance rates are calculated based on risk management techniques in the
insurance industry (Alberts & Dorofee, 2009, p. 7). Lyytinen et al. compare four classical risk
management approaches in (Lyytinen, Mathiassen, & Ropponen, 1998).
Risk Management, according to ISO 31000 (2009), is understood to be “coordinated activities to
direct and control an organization with regard to risk”. The standard also describes a collection of
risk management principles (ISO 31000, 2009, p. 7):
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.

Risk management creates and protects value.
Risk management is an integral part of all organizational processes.
Risk management is part of decision making.
Risk management explicitly addresses uncertainty.
Risk management is systematic, structured and timely.
Risk management is based on the best available information.
Risk management is tailored.
Risk management takes human and cultural factors into account.
Risk management is transparent and inclusive.
Risk management is dynamic, iterative and responsive to change.
Risk management facilitates continual improvement of the organization.

In order to perform risk management, it is important to gain some understanding about the risks
under investigation. To help a structured approach, Kaplan and Mikes identify three risk categories,
under which the qualitative distinctions between risks fall: Preventable risks, strategic risks and
external risks (R. Kaplan & Mikes, 2012). Preventable risks are the risks inside an organization and
which can be controlled, eliminated or avoided. External risks by contrast are beyond an
organizations influence and control, which requires a different approach to risk management. Lastly,
strategic risks arising from an organizations business strategy are usually taken with consideration
and are not necessarily undesirable, as some sort of payoff is expected for taking the risk. Risk
management in this case needs to focus on reducing the likelihood of occurrence and on developing
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the ability to cope with the event, should the risk materialize. One interviewee (Appendix C,
Interview 6) identified a different set of five areas: Technology, environment, organization,
management and enterprise. It is assumed that technology and enterprise belong to the
aforementioned strategic risk category, whereas organization and management need to be placed in
the preventable risk category. Although they focus on uncertainty, which is still a related concept, de
Weck and Eckert propose internal or endogenous sources, which consist of the product and the
corporate context, and exogenous sources, which can be broken down into use context, markets,
and political and cultural context.
Oehmen and Ben-Daya propose yet another framework or taxonomy, which differentiates risks along two main
two main dimensions and where the risks can be ordered in a matrix table

Table 3-1) to help a more structured approach (2012, p. 106).

Artefact Attributes

Engineering
Attributes

Program

Execution

Uncertainties affecting definition of stakeholder
needs





Uncertainties affecting achievement of program
outcome

Company-internal risks: Uncertainty regarding the
efficiency and effectiveness of the program
processes and their execution, including skill
levels and productivity of the workforce.


Supply chain risks: Uncertainty regarding
component development and delivery by lowertier organizations.



Market risks: Macroeconomic uncertainty, such as
political, social environmental or economic
developments



Competition risks: Uncertainty regarding the
actions of competitors
New technology risks: Uncertainty of technology
maturity and performance under field conditions

Customer requirements understanding related 
risks: Uncertainty regarding the quality of
understanding of the requirements by the

program organization.

System integration risks: Uncertainty of system
integration readiness under field conditions

Customer requirements stability related risks:
Uncertainty regarding the stability of customer
requirements.

Table 3-1: Example risk categories along taxonomy (Oehmen & Ben-Daya, 2012, p. 106)

Other experts do not agree with the idea of categorization, because, according to their
argumentation, the interdependencies of different risk events are often ignored or not studied
carefully enough in the presence of categories. Especially these interactions form the basis of the
most serious risk events (Appendix C, Interview 4). Both Helbing (2013) and Franck Marle (2010)
stress the importance of carefully studying the potentially disastrous effects of risk cascades and
cumulative risks.
To conclude, risk management largely depends on the type of risk at hand and on the industry it is
practiced in. According to Hubbard (2009, p. 3), the key question to risk management is if the
methods applied work. Some industries apply rigorous quantitative analyses; others rely on
qualitative assessments of probabilities. Alarmingly though, many methods have considerable flaws,
which are known to researches who study them, and still they are being used every day. Therefore,
when doing risk management, one needs to be “smart about taking chances” (Hubbard, 2009, p. 10)
and carefully evaluate the most applicable and accurate risk management methods.
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Figure 3-1: ISO risk management process (ISO 31000, 2009, p. 14)

The ISO 31000 (2009) is assumed to be the - as of yet - most influential attempt so far to develop a
comprehensive and integral risk management framework. It has at its core a well-structured risk
management process (Figure 3-1), which is composed of five main parts. Of special interest in the
context of this thesis is the risk assessment phase, which again has three parts: Risk identification,
risk analysis and risk evaluation. In Management of Risk (MoR), the same three steps are to be found
(The Orange Book Management of Risk - Principles and Concepts, 2004, p. 13).
Interestingly, these three phases overlap with the first three steps of the program risk management
process outlined in the Standard for Program Management (PMI, 2013, p. 95) and with the
programme risk management cycle described in Managing Successful Programmes (MSP, 2011, p.
142). As the focus of this study lies on program risks, this coincidence is helpful and the ISO risk
assessment step will be used in the rest of this thesis. In the following sub-chapters, the individual
steps are explained in more detail and additional information is provided.
To perform risk management, many companies and organizations rely on a multitude of tools and
programs that facilitate the risk management process and generally serve as input generators for the
decision making process. Some even have developed their own tailored solutions for that purpose
(Appendix C, Interview 5). To list and describe them all would exceed the scope of this chapter, which
is why only a small and non-exhaustive enumeration is provided at this point (Appendix C, Interview
6).
Active Risk Manager is a software package developed by the Strategic Thought Group that
encompasses the entire risk management process. Palisade Corporation distributes the program
@RISK (“at risk”), which performs risk analysis through Monte Carlo simulations. Risk Radar, a
computer program by Pro-Concepts LLC, aims at proactive risk management. The free Risk Matrix
tool by MITRE Corporation also covers the whole risk management process, but is less widely used
and not as integrated into organizational and IT-processes as the others.
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3.1.3 Risk Identification
Risk identification is the first step of the risk assessment part of the risk management process and
probably the most critical one. Any potential risk source not identified here will not be contemplated
in the further analysis and therefore no risk management will be done to avoid it. It is recommended
to explore the context of the program before the actual risk identification, which stakeholders are
involved, what assumptions have been made and how the program fits into its environment (MSP,
2011, p. 142). When doing risk identification, it is important to search for internal as well as external
risks, as there are risks beyond an organization’s control. At the same time, the consequences and
their potential cascading or cumulating effects should be considered and examined. For this purpose,
different causes and scenarios should be taken into consideration, to ensure a wide perspective and
a collection of risks as complete as possible (ISO 31000, 2009). A number of identification tools exist
in order to facilitate this process. Thamhain (2013) lists “critical path analysis, budget tracking,
earned value analysis, configuration control, risk-impact matrices, priority charts, brainstorming,
focus groups, online databases for categorizing and sorting risks and sophisticated Monte Carlo
analysis”. The most important requirement for the use of all these tools is that all information
available is used and processed, and that people with relevant expertise and appropriate knowledge
are involved. Another such tool is the so called “premortem”, proposed by Klein and initially applied
to projects (Klein, 2007). During a “premortem” it is assumed that the project failed and all possible
causes and scenarios leading to that failure need to be identified. Influential input in the form of data
or lessons learned could also come from previous programs or projects. Especially in complex
programs, collective stakeholder intelligence and its potential for risk identification should not be
underestimated, e.g. in Delphi processes, review meetings, brainstorming and focus groups
(Thamhain, 2013). Risk identification is supposed to be iterative, as new risks may become apparent
or evolve over time.
All risks should be entered in a risk register (MSP, 2011, p. 142; PMI, 2013, p. 97) in a suitable format
and with sufficient background information to facilitate risk comparison, analysis and prioritization.
The register should include all risks “based on those events that might create, enhance, prevent,
degrade, accelerate or delay the achievement of objectives” (ISO 31000, 2009, p. 17).
However, it lies in the nature of uncertainty and risk that not all risks can be seen from the beginning.
These unknown risks, also called “unknown unknowns” due to the lack of awareness of their
existence, are impossible to identify, but conservative mitigation strategies can be applied with the
expectation that something can happen (McManus & Hastings, 2006). They often follow a non-linear
path and develop from single, seemingly independent events into major causes threatening
performance (Apgar, 2006).
Another quite simple way to come up with a set of program risks is to use a fixed and already
established checklist, as mentioned in IEC/ISO 31010:2009. Specifically for lean program
management, a collection of ten so called “challenges” is presented in (Oehmen et al., 2012), which
can be used as a starting point for a more thorough risk identification.

3.1.4 Risk Analysis and Evaluation
Risk analysis and risk evaluation represent the last two parts of the risk assessment step of the risk
management process.
Risk analysis is the “process to comprehend the nature of risk and to determine the level of risk” (ISO
31000, 2009, p. 5) and as such can be both qualitative and quantitative. The main goal is to gain an
improved understanding of the risk. Moreover, risk analysis provides information for risk evaluation
and helps decision-making with respect to the way, if at all, and the priority the risks are treated. It
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comprises identification of sources and causes of risk and a subsequent assessment of the negative
or positive consequences and the likelihood of these consequences occurring. These are the two
main measures that constitute the level of risk, the magnitude of a risk.
Likelihood is defined as the “chance of something happening” and can be assessed in multiple ways,
“defined, measured or determined objectively or subjectively, qualitatively or quantitatively, and
described using general terms or mathematically” (ISO 31000, 2009, p. 5). A consequence is “an
outcome of an event affecting objectives”, where the outcome can be negative or positive, and it can
be expressed qualitatively or quantitatively (ISO 31000, 2009, p. 5). Greenberg et al. provide an
overview of advances and accomplishments in risk analysis in (Greenberg et al., 2012).
An important aspect of risk analysis is to take interdependencies between risks into account and the
possibility that assumed minor consequences can escalate through risk cascades, as studied with the
help of design structure matrices in (F Marle & Vidal, 2008; Franck Marle, 2010). These two measures
can then be aggregated and visualized, for example in the popular risk matrix, which represents the
level of risk and even an organizations risk profile (Engert & Lansdowne, 1999; Garvey & Lansdowne,
1998), although this representation is not without criticism (Cox, 2008), depending on its application
area. Cox argues that risk matrices do not necessarily serve the purpose of supporting “good (e.g.,
better-than-random) risk management decisions and effective allocations of limited management
attention and resources” (2008, p. 510).
A different angle towards risk analysis is to actually simulate the risk and its effect on a model, for
example by using Monte Carlo analysis/simulations (Hubbard, 2010; Smith & Merritt, 2002;
Thamhain, 2013).
Szegö (2005) and Artzner, Delbaen, Eber, and Heath (1999) give insight into mathematical risk
measures, even though they focus on financial and insurance risks.
Additionally, Klein (2007) proposes the heuristic concept of a “premortem”, where under the pretext
of project or program failure all potential causes leading to this result are collected.
However, despite its simplicity and being an established industry practice, qualitative analysis of risks
has some serious limitations, which can mostly be explained by the human lack of “the capability and
inclination to deal with complexity” (van de Ven, 1986, p. 594). In addition to that, there are several
more psychological factors that, when not accounted for, can render risk assessment and
management almost futile. Examples are effects such as anchoring and affect heuristic (Greenberg et
al., 2012; Slovic, Finucane, Peters, & MacGregor, 2004), the human tendency for wishful thinking, i.e.
to discount the risk of extreme events as the probability cannot be evaluated intuitively, and
arrogance, e.g. that an event that is commonly accepted as inevitable is not included in an
assessment due to unwillingness to acknowledge its inevitability (Hall, 2011; Tversky & Kahneman,
1985).
Risk evaluation is the “process of comparing the results of risk analysis with risk criteria to determine
whether the risk and/or its magnitude is acceptable or tolerable” (ISO 31000, 2009, p. 6) and
therefore contributes to the consideration and decision on how to treat risks and in which order. This
evaluation takes into account the results of the risk analysis and the context of the organization and
program.

3.1.5 Risk Treatment
Risk treatment covers the fourth part of risk management process, but is beyond the scope of the
risk assessment phase. Because it also has some implications for the present study, it is not outlined
in great detail and only the most important aspects are mentioned.
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The aim of risk treatment is to modify risks through targeted actions, which need to be selected and
implemented. Modification can range from avoiding a risk completely, to taking or removing the risk,
changing the likelihood or the consequence, sharing the risk with others and retaining the risk (ISO
31000, 2009, p. 19).
The relevant task here is the selection of appropriate risk treatment options and their relative
prioritization. This is usually done by balancing the derived benefits against the costs and efforts of
implementation. Furthermore, combinatory effects of risk treatment options need to be considered.
As changes may introduce new risks, the most critical being the failure of the treatment action, the
risk assessment process needs to be iteratively and continuously repeated.
In (Oehmen et al., 2012, p. 142), a mapping of the Lean Enablers to the collection of top ten
challenges they address is presented.

3.2 Self-Assessment of Program Performance
In order to gain insight into which best practices are most suitable for a given program, one option is
to measure its performance with respect to these best practices. This can be accomplished by a selfassessment, which is why this type of assessment is explained in greater detail in the following
section. In general, an assessment represents one of the first steps of strategic change or
decision/problem solving process (Drucker, 2006, p. 353) or appears in the form of a review task,
such as the “Check” step in the Deming cycle.

3.2.1 Self-Assessment
The concept of self-assessment is used in many fields besides program or project management, e.g.
in medicine or education. According to Davis et al. (2006, p. 1095), several activities are meant with
the term “self-assessment”, where they studied the “aspects of self-rating or self-audit”, rather than
self-administered examination. While they focused on self-assessments of health-care professionals,
they concluded that many lack the ability to reliably assess their own performance in a regular or
consistent fashion. Falchikov and Boud (1989, p. 395) focus on education, where they understand
self-assessment to be a prerequisite for life-long learning. Individuals therefore need to be capable of
assessing “their own performance and progress”. However, both these studies center not on
organizations and their performance, but solely on individual people. It must be acknowledged
though, that organizational self-assessment is performed by humans as well, so some of the
limitations still apply (Ward, Gruppen, & Regehr, 2002).
Organizational assessments are usually done based on models and many aspects inside an
organization can be assessed (Ainscough, Neailey, & Tennant, 2003; Caffyn, 1999; Ford & Evans,
2001; Williams, Bertsch, Van der Wiele, Van Iwaarden, & Dale, 2006).
Knoblinger et al. (2011, p. 1) defines organizational self-assessments as “assessments performed in a
self-administered way within the company, as opposed to audits, which are assessments involving
external assessors”. A more comprehensive definition is provided by the European Foundation for
Quality Management (EFQM, 2013): “Self-assessment is a comprehensive, systematic and regular
review of an organizations activities and results against a model of business excellence. The selfassessment process allows the organization to discern clearly its strengths and areas in which
improvements can be made and culminates in planned improvement actions which are monitored
for progress.“
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3.2.2 Performance or Maturity Assessment
Self-assessment and performance or maturity assessments are closely related concepts. Selfassessment is a key activity of continuous improvement (Lam, Chin, Yang, & Liang, 2007; Ritchie &
Dale, 2000; Samuelsson & Nilsson, 2002) and is therefore usually done to measure business
performance against a model, such as the EFQM’s Business Excellence Model or the Malcolm
Baldridge National Quality Award’s Criteria for Performance Excellence (MBNQA, 2011). Additional
goals of self-assessment are to increase awareness and to drive improvement activities for quality,
and to ameliorate business performance (Knoblinger et al., 2011; van der Wiele, Brown, Millen, &
Whelan, 2000). Behn (2003, p. 593) states that in order “to evaluate the performance of an agency,
its managers have to compare that performance with some standard. Such a standard can come
from past performance, from the performance of similar agencies, from a professional or industry
standard, or from political expectations.”
Ford and Evans justify the need for change management with the observation that “self-assessment
frequently leads to organizational change – stemming from managerial actions to improve
management processes and practices based on assessment findings” (Ford & Evans, 2001, p. 10).
Other models not solely related to quality, but still applicable for self-assessment purposes are the
Organizational Project Management Maturity Model (OPM3; PMI, 2008), the Capability Maturity
Model Integration (CMMI; CMMI Product Team, 2010) or the ISO 9000 standard series (2005). OPM3
differentiates four maturity levels of process maturity that an organization can attain: standardize,
measure, control and continuously improve. CMMI on the other hand knows five different levels,
from initial, managed, defined, quantitatively measured to, lastly, optimizing processes.
Siemens even developed its own maturity model, based on CMMI, OPM3 and their own knowledge
and experience, the so called Siemens Maturity in Project Management (MPM) model (Sopko,
Yellayi, & Clark, 2012; Strausser & Sopko, 2008).
Additional performance measurement frameworks, which are therefore also usable for selfassessment, are Earned Value Management (EVM; Fleming & Koppelman, 2002; Stratton, 2006),
which tracks the accumulation of “value” (i.e. progress or sum of completed work elements) over the
duration of a project/program, and Probability of Program Success (PoPS, 2008), which is mostly used
by US defense contractors and their government counterparts to control a program’s progress.

3.2.3 Self Assessment Tools
For the task of conducting a self-assessment, a variety of methods and tools has been developed.
Mostly, they focus on one specific area of excellence where the underlying model is well established
and understood. Caffyn (1999) presents a self-assessment tool for continuous improvement efforts,
which distinguishes five levels of continuous improvement maturity. Ainscough et al. developed a
tool for self-assessment with respect to implementation of concurrent engineering through change
management, where the organization is scored “against the assessment model criteria and
requirements” using a five-level scale (Ainscough et al., 2003, p. 427). Another self-assessment
process for new product introduction is presented in (Tennant & Roberts, 2003), again using five
level scoring guidelines to facilitate obtaining an absolute score and with which the assessment
questions can be answered. Knoblinger focuses on a different area and proposes a product
development self-assessment tool (PDSAT; Knoblinger et al., 2011; Knoblinger, 2011). Lastly, the so
called Lean Enterprise Self-Assessment Tool (LESAT) was developed by Nightingale and Mize (2001).
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3.3 Effort of Changing Organizations and Engineering Programs
It was already mentioned earlier that change management only plays a minor role in the context of
this thesis, as merely the effort for implementing lean program management best practices is of
interest, not the actual implementation itself. This effort or “cost” needs to be assessable from the
outset in order to make the decision of whether to follow through with the intended change or not
based on an analysis of costs and their benefits.

3.3.1 Definitions
Implementation effort is a term often used in the software and IT industry. There, implementation is
related to integration of functions and processes inside and across organizations and to embedding
software into hardware (Abildgren, Diguet, Bomel, Gogniat, & Koch, 2008; Barki & Pinsonneault,
2005).
No academic precedent was found that studied the concept of implementation effort in the context
of organizational change on a program level. Therefore, general definitions are employed here. To
implement something according to Merriam-Webster is “to begin to do or use (something, such as a
plan) or to make (something) active or effective”, where effort is defined as “work done by the mind
or body, energy used to do something, a serious attempt to do something or something produced by
work” (Merriam-Webster, n.d.). The Oxford Dictionaries on the other hand define implementation as
“the process of putting a decision or plan into effect or execution” and effort as “a vigorous or
determined attempt” (Oxford Dictionaries, n.d.).
Making use of these definitions, implementation effort could be defined as the determined attempt
to put a decision into effect. This, however, neglects the quantifiable nature that effort needs to
possess for this study. Therefore, and using input from (Barki & Pinsonneault, 2005), a more apt
definition would be: The quantity of resources (time, money, people needed) necessary to put a
decision into effect.

3.3.2 Implementation: What does it mean?
Following the lean thinking of continuous improvement, an implementation is never really finished,
especially when what needs to be implemented is not a process or an artifact, but of cultural or
ethical nature. Therefore, the type of what needs to be implemented greatly influences the effort
required to accomplish it. Gersing identifies three impact areas: cultural, leadership and practical
(Gersing, 2013).
In (Leonard-Barton, 1988, p. 265), Leonard-Barton studies the implementation of new technologies
and observes that “implementation is innovation”, as technology transfer requires “continuous,
ongoing dedication to the process of change and the conscious management of mutual adaptation
because the technology will never exactly fit the user environment”. This statement can also be
applied to best practices and their implementation. Van de Ven states, even though with respect to
innovations, that they “not only adapt to existing organizations and industrial arrangements, but
they also transform the structure and practice of these environments” (van de Ven, 1986, p. 591).
Especially in complex socio-technical systems such as programs, the corresponding effort to
implementation (or innovation) is therefore expected to be higher.

3.3.3 Changing Organizations
When looking at implementation, as mentioned before, one touches upon the domain of change
management. To introduce change into an organization, both physical and emotional changes need
to occur and to accommodate that, a number of processes and frameworks have been published that
43

Literature Review
apply to both (J P Kotter & Schlesinger, 2008; John P. Kotter, 1996; Lewin, 1947). Brisson-Banks
(2010) compares the most common change processes and concludes that “models could be
combined to form new models to best fit the circumstances of the organization” (p. 241). Because so
many different situations and contexts exist, why and how organizations change has been a question
that many researchers in the domain of change management have tried to find answers to (Ford &
Evans, 2001; van de Ven & Poole, 1995). Schaffer recommends centering the change on the results to
be achieved, not the activities that are supposed to get you there, because “results-driven programs
bypass lengthy preparations and aim for quick, measurable gains within a few months” (Schaffer &
Thomson, 1992, p. 82). This is, despite the long-term strategic impact of programs, a more apt
approach to influence and control a program. Management of change, according to Ford and Evans,
“requires two basic categories o structured activities: one related to determining the change, and
one set for implementing the change” (Ford & Evans, 2001, p. 17).

3.3.4 How to Measure Effort
In order to decide what to change, considerations with respect to the associated costs (or effort in
general) are necessary, i.e. the business case needs to be established. As Barki and Pinsonneault
express it with respect to organizational integration (OI):
The relationship between OI (organizational integration) and effort is analogous to that
between order and energy in thermodynamics where, to make a physical system more
organized or more orderly (or to reverse its natural tendency to become less organized over
time), the input of energy is required. (Barki & Pinsonneault, 2005, p. 170)
In the software industry, lines of code and function point are the preferred measures to capture
implementation effort (Holmes, 2002; Zickert & Beck, 2012). A similarly clear attribution of measures
to organizational implementation could not be found. The main reason lies in the difficulty to
measure many parameters due to their diffuse nature and the complexity of the context.
Nevertheless, companies rely on a few metrics in order to come up with an idea of how high the
input in terms of resources has to be. Examples of such measures are the size of the
company/organization, the manpower required, the duration or the monetary costs.
Schlesinger, Sathe, Schlesinger and Kotter (1992, p. 344) introduce the formula
Change = D x M x P > C
where D equals “the levels of dissatisfaction”, M is the “new model for managing implicit in the
change” and P stands for the “planned implementation process for making the change”. The
combination or product of all these variables needs to be greater than the cost C of the change in
terms of economics and emotions alike. The cost C is determined with respect to the “stakeholders,
the individuals, and groups in the organization” and can range from loss of power or identity to key
intrinsic or extrinsic rewards. This is the only evidence of this problem being studied in literature, but
no concrete metrics are suggested.

3.4 Summary
To answer the research question, almost all necessary answers were found in the literature. Methods
to identify risks were presented, as were ways of analyzing and addressing them. The concept of selfassessment and what models and measures exist to investigate maturity of processes and practices
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were introduced. The two dimensions of risk mitigation potential and degree of implementation of
Lean Enabler can therefore be covered with this review. The only gap identified in the literature is
the issue of effort estimation for implementation of best practices. Besides a very high-level mention
in a book on change management, no other sources address the problem of how to best capture
costs incurred through change and how to forecast them with distinct metrics. The present thesis
aims at closing this gap by developing a set of such metrics and by conducting a survey on Lean
Enabler implementation effort.
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4 Iterative Development, Testing and
Validation of Solution
The goal of this present thesis is to propose a process mode that supports decision making with
respect to implementation of lean program management best practices. According to Ford and
Evans, management of change “requires two basic categories of structured activities: one set related
to determining the change, and one set for implementing the change” (Ford & Evans, 2001, p. 17).
The content of this thesis also relates to the decision making process, e.g. the one proposed by
Simon and Newell (1972; 1959), Drucker (2006, p. 353) or Kepner and Tregoe (1965) because it
answers the question of what needs to be changed.
“Decision presupposes a decider and a choice among alternatives with reference to some goal”
(Allison & Zelikow, 1999, p. 16), and to help choose amongst these alternatives is the ultimate aim of
this thesis.
When looking at the risk management process in chapter 3.1, the overlaps with the decision making
process and the change management process are apparent. They are visualized in Figure 4-1.

Figure 4-1: Relationship between different processes in the context of this thesis

The purpose of this chapter is to explain the overall process model and its development, whereas the
next chapters dive into the details of the individual components and elements of the process model.

4.1 Finding the Elements of the Black Box
With the inputs into the black box and the outputs required, together with the questions identified in
chapter 1.2.2, a number of additional considerations come to mind, which then lead to the
identification of elements for the solution system (Figure 4-2). When assuming a risk perspective, the
nature of the inherent risks and their criticality is of interest. These two separate questions are
combined in the first element. The mitigation potential of Lean Enablers is needed to answer the first
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research question; therefore the second element maps the risk and their level of risk to the Lean
Enablers as risk mitigation actions. The third element of the solution is proposed to consist of an
assessment of the current degree of implementation of the Lean Enablers. This aims at facilitating
customization of the Lean Enabler collection, as a low level of usage is assumed to indicate potential
for increasing performance. The fourth element provides another angle for better customization and
for better selection of the most relevant Lean Enablers by estimating their effort for implementation.
With respect to the fifth and last element, it is thought to develop a process model that encompasses
the previous four elements and combines them into a holistic framework.

Figure 4-2: The solution space as a black box with defined input and output and its elements

4.2 Program-Specific Tailoring of Lean Enablers
The goal of the second research question of this thesis is to find a way to tailor and customize the
Lean Enablers to a specific program. To accomplish this, many different options can be found. For
example, performance indicators or success dimensions could be used to identify the gap where
improvement potential is abundant and attention should be directed to. This also relates to the
question whether such an approach is driven proactively or reactively, i.e. driven by a continuous
improvement attitude or as a reaction to an immediate problem, respectively. However, a tradeoff
between complexity and accuracy of the tailoring on the one hand and effectiveness and usability of
the process model on the other hand needed to be found. For this reason, the other two research
questions are considered as useful variables, as both the risk mitigation potential and the
implementation effort of Lean Enabler not only lead to a prioritized overview over the Lean Enablers,
but also are of great practical relevance for potential users of the process model. In effect, these
considerations also lead to the process elements depicted in Figure 4-2.
Following the research questions and the system elements mentioned above, a number of functions
can be identified that the final solution needs to incorporate (Figure 4-3). Furthermore, these
functions can be fulfilled with partial solutions, which combined solve the overall problem and
constitute the final solution. Figure 4-4 shows the two main solution options identified, named “RED”
and “GREY”. Both conform to the objectives mentioned in chapter 1.3. Option GREY is expected to be
more accurate and specific due to higher use of quantitative methods, but more user input is
required and the process is likely to be less suited for complete automation. Option RED, on the
other hand, seems to be automatable because of relatively low reliance on input information, but
this in turn might jeopardize the comprehensibility and applicability of the results. After thorough
investigation, it was decided to pursue RED. Both the possibility to automate but also the ulterior
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motives to validate the process as soon as possible were compelling reasons for this choice. A deeper
justification for the choice on the level of the partial solution is given in chapters 5, 6 and 7. Each of
these chapters also contains the more concrete development of the respective dimension. How this
process is imagined to look like is depicted in Figure 4-5.
To summarize, it is suggested to pursue a three-dimensional approach with three selection layers:
risk mitigation potential, current degree of implementation, and implementation effort for Lean
Enablers, based on the outline of option RED. The details of each dimension and the corresponding
partial solutions are, as mentioned above, individually explained in chapters 5, 6, and 7.

Figure 4-3: Connection of research questions to solution functions

Figure 4-4: Morphological box with solution functions and corresponding partial solutions
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Figure 4-5: Sketch of process model based on option RED

4.3 Implementation of Process Model: How?
The development of the overall process model was directed toward an implementation into a usable
and practical format. This again could have taken several forms, from Delphi-method-based
assessments in a workshop environment based on pencil, paper and flipcharts with post-its to
completely automated software running on data provided by an organization’s IT system, or anything
in between. Furthermore, the source of the input for the assessment needed to be decided upon.
Experts with specialized knowledge had to be balanced against individuals with responsibility in
managerial roles, and these two against data. Of course, a combination is also possible.
In the end it was decided, based on the objectives from chapter 1.3, to use a spreadsheet program,
for which data is provided by the user and additional information is built into the evaluation
algorithm. Since the evaluation is software-based, it is works instantaneously and changes can be
observed immediately. Apart from speed, the usability is expected to be higher compared to a
workshop format; the process only relies on few input variables, for which the assessor can range
from expert to layman, in a team or alone, depending on the objectives that are desired to be
accomplished.

4.4 Prioritization and Customization Tool: Testing and Validation
4.4.1 Alpha Version: Google Docs and Testing at INCOSE International
Symposium
Due to its simplicity, the online spreadsheet service by Google, Google Docs, was used to implement
a pilot version of the prioritization and customization tool. While it worked and provided a usable
prototype for testing, the choice for this service also brought about some disadvantages. For
example, the distribution of the tool was severely limited as a new file had to be created for each
respondent in order to enable later evaluation. Additionally, the representation of the results was
difficult to interpret due to inappropriate graphical visualization templates. The effort for
implementation was not considered yet at this point, as the intention was to first collect feedback
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and validate the first two dimensions, true to the lean startup motto: “fail early, fail often” and with
the purpose of not wasting effort on an unproductive concept.
The development of the first version of the tool was discussed on multiple occasions during
conference calls with subject matter experts and the first (alpha) version was presented and pilottested on the occasion of the INCOSE International Symposium 2013 in Philadelphia, PA; USA. The
setting consisted of a short presentation of the functioning of the tool with a subsequent trial run of
the tool by 12 out of 16 workshop participants. They were all instructed to answer the questions
keeping in mind a completed program that they were a part of and that they remembered well. The
purpose of this pilot run was to collect feedback on the individual components and their perception,
but also to validate the underlying process/algorithm.
To the question whether the results were revealing and the overall process made sense, the
feedback ranged from “It makes sense. But it is needed to be validated” to “Yes, this process should
provide good predictive indicators” (see appendix F for the complete collection of feedback).
As a consequence, the process was not changed for the next version. In addition to that, and with the
input received personally and indirectly, still a few of more formal improvement possibilities were
identified: providing more background information, clarification and clear statement of unit of
analysis, even number of levels for assessment, minor changes in formulations and improvement of
the visual representation. Important input regarding the use of challenges as risks (see chapter 5.1)
and the completeness and generality of this collection was left aside for the next step, as this could
be improved at a later stage.

4.4.2 Beta Version: Implementation in Excel and Validation by
Companies
To incorporate most of the feedback from the first pilot trial, the process was implemented into a
Microsoft Excel spreadsheet, mainly due to better functionality of plotting information, easier
distribution and evaluation, the wide-spread use of Microsoft Excel and thus also avoiding
dependency on the internet. Screenshots of the file can be found in appendix E.
No changes were made to the process, except for the inversion of the scale for assessment of risk
consequence to have the same direction as the likelihood assessment. Also, the challenges were
again employed to represent high-level risks. More detailed explanation and the existence of a
“physical”, “non-cloud” file were expected to increase usability and comprehensibility.
The Excel version was again discussed during conference calls with subject matter experts and then
validated in three companies. Two companies preferred a workshop setting with team assessment,
whereas the third company found three employees that responded to the questions individually and
independently. The three companies were a large car-manufacturing company, an aerospace
manufacturer and an energy corporation.
The feedback in general was consistent across all participants. The overall process apparently makes
sense and also the results are considered to be valid and applicable to the respective program. More
specifically, “[…] the responder liked the tool, and thought that the top 10 made sense”. Another
feedback was:
“It was absolutely great to have a tool that could help management understand Lean a little
bit more. If I were to go to a new company, this tool would be very beneficial in helping the
company leaders what Lean is about.”
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The short evaluation of the data collected through these validation workshops and the tool uses by
individual respondents (N = 16) showed that 7% of the 43 Lean Enablers account for more than 50%
of all the top ten positions (more details in appendix G).

4.5 Investigating Effort for Implementation of Lean Enablers
In parallel to the development of the beta tool version, the deeper investigation into implementation
effort was started. Again, different options needed to be weighed against each other: Quantitative
metric-based assessment against simpler and semi-quantitative methods or use of a large database
against individual one-time assessments.
In the end, a generic database from which individual recommendations of implementation effort can
be generated through control variables on organization and program characteristics is the preferred
option.
Due to unavailability of the necessary data for such a generic dataset in literature, a survey (chapter
7.2) seemed to be the most efficient and obvious method for data collection.
The survey, targeting a sample of program managers, was developed and tested with the help and
involvement of subject matter experts. It was launched through two mailing lists, subject matter
experts and lean program management community of practice, and postings in program
management related groups on the social networking website LinkedIn. However, the response rate
remained below expectations with only fourteen data points collected after more than six weeks; the
two mailing lists contained a sample of 247 contacts.
A preliminary analysis of the obtained data showed that no clear distinctions could be drawn from
the dataset with respect to implementation effort for Lean Enablers, as the average and the standard
deviation of the values revolved around the level. This led to the decision to keep the survey open in
order to generate more data, but also to exclude the data obtained for the implementation effort
step of the tool.

4.6 Final Version of Tool

Figure 4-6: Adapted process model with assessment of implementation effort

For the final version of the tool, the implementation effort step was added in the form of an
assessment of the top ten Lean Enablers from the previous two dimensions.
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This method requires the user to qualitatively judge the effort for implementation required in either
man hours or costs. Furthermore, it is proposed to introduce a voluntary weighting factor that can be
used to adjust and fine tune the balance between the “benefits”, i.e. the closing of a maturity gap
and simultaneous risk mitigation contribution of Lean Enablers implementation, and the costs of
implementation to allow for strategic considerations being reflected in the output of the tool. Figure
4-6 shows the final proposed process model underlying the tool, where the user input for the
implementation effort directly affects the results without prior calculation or database evaluation.
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5 Risk Assessment and Identification
of Mitigation Actions
5.1 What Risks to Assess
“[…] there are known knowns; there are things we know we know. We also know there are
known unknowns; that is to say we know there are some things we do not know. But there are
also unknown unknowns - the ones we don't know we don't know.”
United States Secretary of Defense, Donald H. Rumsfeld
The first issue to be resolved at this point is where the risks that are later analyzed and evaluated
come from. In chapter 3.1.3, a variety of possible risk identification techniques was presented.
Bearing in mind that not all risks can be discovered from the outset, as the statement above from
Donald Rumsfeld indicates (Rumsfeld, 2002), the goal is to find a representation of risks that is
simple, easy to use with the process and still covers all important risks and pitfalls. Figure 5-1 shows a
matrix that classifies the uncertainty that afflicts both a problem and its solution. This could serve as
one option for framing the risks discovered and how they could be treated.
However, establishing a collection of risks that is specific to a program would require a significant
additional effort, which goes beyond the scope of the present thesis. Therefore, categories of risks or
checklists are taken into account to use as input for a tool to be developed. One interviewee
remarked that categorization is usually counterproductive, as important information about the
interdependencies might be lost that way, which in turn creates new risks (Appendix C, Interview 4).
For the purpose of this thesis and for a first version of the tool, a more generalized collection of risks
is still considered to be suitable, even more so because not all possible risks can be captured anyway
(Appendix C, Interview 6). Despite its more general nature, the list of risks should still incorporate
both technical and especially operational aspects, as these are, based on experience from an
interviewee, the ones less well handled and often underestimated (Appendix C, Interview 4).
Therefore, from the different options mentioned in the literature and outlined in chapter 3.1.3, the
program challenges from (Oehmen et al., 2012, p. 28) are used to assess the risk profile of an
organization or program. While being quite high-level and encompassing at the same time, the
challenges have the additional benefit of having an established relation to the Lean Enablers and
having been developed in the context of engineering programs. Still, according to feedback from a
pilot trial and from an interviewee, inadequate resources (staffing/funding) often lay at the root of
program problems and are only obscurely integrated into the challenges (Appendix C, Interview 5;
Appendix F). The ten challenges and the relationships between them are depicted in Figure 5-2.
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Figure 5-1: Problem/solution uncertainty matrix (adapted from Sillitto, 1999)

Figure 5-2: Top ten engineering program challenges (adapted from Oehmen et al., 2012, p. 28)
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5.2 Determining Program Risk Profile
To analyze the risks and somehow quantify their level of risk, the two measures likelihood and
consequence needed to be assigned a scale. According to (IEC/ISO 31010, 2009, p. 13), “semiquantitative methods use numerical rating scales for consequences and probability and combine
them to produce a level of risk using a formula. Scales may be linear or logarithmic, or have some
other relationship; formulae used can also vary.” Due to its simplicity, an approach similar to the Risk
Matrix is chosen, where five level scales are employed. The chosen scales are shown in Figure 5-3,
slightly adapted from (Engert & Lansdowne, 1999).

Figure 5-3: Five level scale for assessment of likelihood (left) and consequence (right)

The two scales mostly rely on the ability of an individual to subjectively and qualitatively assess the
two dimensions of likelihood and occurrence, despite some psychological limitations of this
approach. In this case, speed, usability and comprehensibility were considered to be more productive
than elaborate and time consuming deliberations.
The scale for the likelihood does not follow a linear distribution, but rather represents the expected
significance of risks that have this likelihood. Furthermore, this scale enables relative judgment of the
risks in the absence of facts and quantitative data. Where available, they should of course be
considered and the other assessments adapted to fit the overall situation.
With respect to the scale for the consequences, the main criteria were selected to be the classical
performance measures of cost and schedule. According to feedback received from experts, the
degree of fulfillment of objectives does not contribute to this scale, as these objectives are often
met, but at very high costs and usually accompanied by significant schedule delays. Therefore, the
additional explanations should point towards possible characteristics, but mainly facilitate decision
and classification.
The level of risk as a measure for overall criticality of each individual challenges is then calculated by
multiplying the measures from one to five, according to the level of both likelihood and occurrence.
In the case of likelihood, a value of one stands for the level “very unlikely to occur”, whereas five is
attributed to the level “very likely to occur”. For the consequences, a value of one corresponds to
“negligible” and a value of five to “critical”. Therefore, the possible values for the level of risk range
from one to twenty-five.

55

Risk Assessment and Identification of Mitigation Actions

5.3 Addressing Program Challenges by Using Lean Enablers
To identify the appropriate mitigation or treatment actions for the most relevant risks, an individual
assessment of the user would not serve the purpose of having a fast and efficient process with
minimal user input for the first version, even though higher accuracy and program specificity could
be expected. Therefore, it is recommended to obtain a mapping of Lean Enablers against the
program challenges. The Lean Enablers in this case are considered to be suitable as mitigation
actions. In Oehmen et al. (2012), an indication for each Lean Enabler is given whether and which
challenge it addresses. As this relationship already exists, it is implemented in the process model as a
matrix that works in the background of the tool. Since the matrix is reasonably straight-forward and
only indicates a binary relationship between challenge and Lean Enabler, the possibility for later
adaptation and specification exists.
The result of this step is the assignment of a value to each Lean Enabler that represents its risk
mitigation potential. However, this value can be determined in multiple ways. For example, if a Lean
Enabler addresses more than one challenge, the respective level of risks could either be averaged or
summed up. Here, a summation is expected to provide a more realistic representation of the
underlying matching, as a Lean Enabler addressing multiple challenges is supposed to have a higher
overall relevance.
To enable a more comprehensible visualization, the range of values for the Lean Enablers had to be
scaled to the range from one to five. In order to calculate the aggregated priority of the individual
Lean Enablers that leads to the prioritization in the top ten list, the value of the degree of
implementation is inversed to represent the implementation gap, so to speak, thereby focusing on
the highly relevant and not-sufficiently implemented Lean Enablers.

5.4 Summary

Figure 5-4: Morphological box for the first three elements concerning risk mitigation potential of Lean Enablers

Figure 5-4 shows the partial solutions for this chapter and how they are connected to form an overall
solution. In this chapter, the arguments for choosing these individual partial solutions are presented.
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The ten challenges have a strong connection to the Lean Enablers, stem from program management
research and are easy to use, despite being very general and high-level. In contrast, a workshop using
the Delphi method would be more accurate and program specific, but also takes more time and
absoluteness cannot be guaranteed. The risk analysis is done qualitatively by determining a level of
risk multiplying five-level assessment values of likelihood and consequence. Again, the more accurate
option would be a data-driven Monte Carlo simulation, with the disadvantage of being complicated
and requiring data to work with. The identification of mitigation actions again is decided along the
issue of accuracy and program specificity versus speed and simplicity, as a generic matrix is fast and
can be used in the background, but cannot take into account unique characteristics of a program,
which a program specific mapping of course can.
Nevertheless, the two options “RED” and “GREY” both make sense and provide what is assumed to
be the most optimal solution, depending on the circumstances of the programs and the use of the
tool to be developed.

57

Mitigating the Risks of Large-Scale Engineering Programs through Lean Management

6 Program Self-Assessment
6.1 Current Degree of Implementation of Lean Enablers
The current degree of implementation or maturity of Lean Enablers in a program, or more likely an
organization or enterprise, is determined through a self-assessment. However, in this case, a method
with no complicated model behind the self-assessment is preferred, such that this step rather
requires only the judgment of Lean Enablers according to their maturity. This reasoning serves the
purpose of overall efficiency and effectiveness, but might lack a comprehensive approach. The main
reason for doing it in a simple and easily understandable way, at least in the first version, is to
develop a sense of how much additional potential lies in the (remaining) implementation of Lean
Enablers. When the task at hand is to prioritize and customize all the Lean Enablers for
implementation, it does not make much sense to consider a specific Lean Enabler as extremely
relevant and important, if it is implemented already fully or at least to a higher degree.
Therefore, what needs to decided upon is the scale to assess this maturity. As presented in chapter
3.2, a number of tools and models could be used for a self-assessment. However, only very few could
be used in this context since only a small number of them incorporate simple scales. For this study,
instead of developing a new and more specific scale, a CMMI-like scale is proposed, as the CMMImodel (CMMI Product Team, 2010) is widely known and the corresponding maturity levels are of
relative simplicity. The scale consists of five distinct levels, as opposed to OPM3, so one more level is

Figure 6-1: CMMI-like scale for assessment of current degree of Lean Enabler implementation

provided for more thorough differentiation, with the drawback that the “middle way” is a very
convenient choice psychologically. Clearly not all Lean Enablers are processes, for which the
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verbalized statements for the individual levels would make sense, but some are cultural values and
others are practices that cannot be measured. For most Lean Enablers, it is also difficult to assess
them on a pure program level, as the distinction in that respect between program and its enterprise
is not always sharp. Still, this scale is expected to allow for easy and intuitive judgments. Values from
one to five are assigned to the descriptions from “initial” to “optimizing”, respectively. LESAT relies
on a model and incorporates a more holistic assessment. For the first version of the tool, this is not
yet considered to be essential and of great importance, but it could be wise to adopt it at a later
stage to increase accuracy. Therefore, LESAT is part of the “GREY” option.

6.2 Two-Dimensional Prioritization and Customization Process
Essentially, the scaled values from the previous chapter on risk mitigation potential or relevance and
the value for the degree of implementation of the Enablers provides a set of coordinates for each
individual Lean Enabler. These can be plotted in a graph, where four different areas or quadrants can
be differentiated.
The beauty of this representation and visualization of the Lean Enabler aggregated priority (Figure
6-2) lies in the possibility to directly deduct implications for strategic focus and future initiatives.
The Lean Enablers to be found in the upper left quadrant should be first priority and in the focus of
improvement efforts with regard to Lean Enabler implementation. The goal is to move the Lean
Enablers in this quadrant, where they are highly relevant and implemented to a low degree, to the
upper right quadrant through implementation. The lower left quadrant, marked with a check mark,
contains the Lean Enablers that are definitely not first priority, as they are not particularly relevant
and have a low degree of implementation at the same time. This means they can be dealt with last or
they can even be ignored altogether. The lower right quadrant, in contrast, raises some questions
about efficient allocation of resources, as these Lean Enablers are highly implemented, but
apparently of little relevance. It could therefore be a wise choice to shift attention from these to
more potent and relevant Lean Enablers, especially the ones in the upper left quadrant.

Figure 6-2: Visualization of aggregated priority of Lean Enablers
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6.3 Summary
To summarize, the self-assessment is proposed to be done based on a survey approach, where each
Lean Enabler is rated on a CMMI-like scale according to its current maturity or degree of
implementation in the organization or program. This corresponding value, together with the value
for relevance (or risk mitigation potential), is then used to plot the Lean Enablers in a matrix, where
the focal area is the upper left quadrant. These are the Lean Enablers that have the highest
aggregated priority and which should be implemented first. The CMMI-like scale is more simple and
practical with lower accuracy, whereas the LESAT approach takes more time, is more complex, and
provides a deeper insight into maturity. Figure 6-3 represents the morphological box for the whole
solution generation with the relevant row for this chapter highlighted. As mentioned above, two
different considerations are important: simplicity versus accuracy. From a current standpoint, a
CMMI-like scale and the LESAT framework are the best options.

Figure 6-3: Morphological box with options for assessment of degree of implementation
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7 Assessment of Implementation
Effort for Lean Enablers
7.1 Investigating Effort for Implementation of Lean Enablers
Of all three dimensions explained in this thesis, this one is the most difficult to develop. As
introduced in chapter 3.3, implementation effort is a concept that has so far not received sufficient
attention with respect to organizational change in industry.
Depending on the methodology utilized in this part, different roads can be taken to lead to a new
framework enabling the assessment of estimation of implementation effort. It is clear that some
measures need to be developed that can be utilized for such an assessment. Another decision to be
made is whether these metrics are assigned values based on input of the respondent of the process
model or through a generic database that contains a large variety of “implementation efforts” of
programs and organizations with different characteristics.
Of special interest would be the development of a universal, data-based cost function for Lean
Enabler implementation. The advantage of such a generic database is its objectivity and the
associated speed in looking up implementation efforts. However, there are also a number of
drawbacks, the most significant being that all this information needs to be collected first in large
numbers in order to be representative.
The other option is to let the user or respondent come up with a judgment of each Lean Enablers
implementation effort, which of course will most likely be subjective and biased, but might
nevertheless contain enough reliable and accurate information to prioritize the Lean Enablers
accordingly.
As the aim is to generate a simple and easily usable method, while at the same time trying to
understand the concept of implementation effort in the context of engineering programs better, the
database approach seemed to be more promising to accomplish these ideas. To build such a
database, usually surveys are employed to collect data anonymously and from a large quantity of
respondents. This is also true for this case, which is why a survey was conducted. The partial solution
relying on user input can always be used as a fallback option, as it is expected to provide useful
information as well, even though not with the same validity.
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7.2 Survey to Generate Database for Implementation Effort of
Lean Enablers
7.2.1 Question Design
A self-administered Internet survey is proposed. This has the disadvantage that only Internet users
are in the sample and that it is difficult to control who takes the survey. Both issues are considered
acceptable and manageable, though. The survey’s question design consists of two main parts, firstly
deciding on a scale that that allows an assessment to take place, and secondly the development of
the content for the questions.
For the topic at hand, unfortunately no standardized questions are available. Therefore, the scale to
be developed needed to incorporate comprehensible and accessible variables that still allowed for a
quantification of implementation effort. At first, brainstorming led to a number of such potential
variables, e.g. the classical examples of cost, time and people. Additionally, complexity of
organization, affected hierarchy, decision autonomy of manager of affected unit, as well as a Likert
scale expressing difficulty, ranging from very easy to very difficult, was discussed. To obtain a clear
tendency of judgment, it was decided to use a six level scale to avoid the neutral middle way.
Furthermore, a “no answer” option was also included, as it was expected due to differing types of
Lean Enablers that not all of them can be rated with the same scale.
After thorough discussion and multiple feedback iterations, also respecting input from interviews
(Appendix C, Interviews 7 and 8), a scale was developed that was considered plausible by most of the
subject matter experts, seen in Figure 7-1. Of course a simple scale with levels ranging from low to
high effort for implementation would have been far more convenient to develop and use, but the
purpose of this survey is to provide the future tool user with an idea of the effort involved that is as
clear and quantitative as possible. It should also respect measures that actually help in finally
determining whether an implementation of certain Lean Enablers economically makes sense or not.

Figure 7-1: Scales for two variables to assess Lean Enabler implementation effort

The individual question to be answered using this scale are closed questions with boxes and consist
of the Lean Enablers, which have been complemented by keywords describing the content of the
corresponding sub-enablers. This should give the respondent a more clear idea of what each Lean
Enabler entails and should therefore facilitate and contribute to answering the questions. The survey
questionnaire can be found in appendix D.
Furthermore, two blocks of questions about control variables are introduced before the actual
questions about the Lean Enablers: the first one collecting information about the organization and
the industry it operates in, and the second one asking for information about characteristics of the
program and the role of the respondent in it. These questions were adapted from (Steuber, 2012)
and (Bassler, 2011), in order to incorporate the opportunity of comparing the respective datasets at a
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later stage, which is only possible with some identical key parameters. These control variables are to
be used later in the final tool/process to find the program specific implementation efforts.
This leads to the underlying hypothesis that is to be tested with this survey:
Programs with similar characteristics in similar organizations show similar patterns of
implementation effort for Lean Enablers.
The layout of the survey follows the structure depicted in Figure 7-2, and essentially consists of three
blocks. The first two contain questions for the control variables (organization and program), whereas
the third and last part is crucial and includes all the questions about the Lean Enablers.
The survey was developed with the Internet service Qualtrics, which is software for online data
collection. The prototype of the survey was tested with a number of industry subject matter experts
and internally in a team of researchers to take into account an academic perspective. All the
feedback has been carefully studied and implemented, if appropriate.

Figure 7-2: Structure of survey with third part split into four smaller parts

7.2.2 Sampling
The targeted population for this survey is experienced program managers and program management
professionals that have in depth knowledge of program management. It is expected that they are
capable of referring the questions to a program they have accompanied themselves. Since not a large
number of organizations run programs, it is still assumed that there are enough people reachable
and approachable that fit the rough criteria mentioned above. Additionally, it is assumed that the
data derived from the responses given by this sample is sufficient to achieve the goal of building a
usable database. Through an additional question, which requires the respondent to state his role in
the program under investigation, it is possible to extract the data submitted by program managers
only.
Two distribution channels were chosen for the survey, the first being the use of LinkedIn groups that
are dedicated to program management and its improvement. The second channel consisted of two
mailing lists, one with 72 email addresses and the other with 247 contacts. A high degree of overlap
is expected.
With a conservative estimate, the number of program management professionals reached with these
two mailing lists is in the range of 250 individuals. The three LinkedIn groups in which the link to the
survey has been posted in total have an estimated number of 13020 members. These groups are:
Managing Successful Programmes (MSP), MSP Practitioners, and Program Management Forum.

7.2.3 Data Collection
The third block of the survey was split into four parts that each contained ten to twelve questions
about Lean Enablers (Figure 7-2). Additionally, two different survey flows were specified, depending
on the respondent group. The people in the mailing list with 72 entries received a version of the
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survey that required them to answer all four question blocks, so that at least some datasets were
consistent across all four parts. The second version, based on survey logic in the background,
iteratively asked the respondent after each sub-block whether he was willing to answer another one
or if he preferred to finish and submit. A built-in counter ensured that all four parts received the
same number of responses. The two versions were launched sequentially, the full survey being “live”
first. After a week, the survey flow was changed to the second survey flow/pattern. By conducting
this survey online through the Internet, the respondents had enough time to come up with a
reasonable judgment, as they had the opportunity to discuss and validate their assessments before
submission.

7.2.4 Survey Results
Sixteen individuals filled out the survey. With the information given above about the sample size it is
very difficult to calculate a response rate. However, most respondents could be identified through
their email address and be attributed to the mailing lists accordingly. This leads to a very rough
approximation for the response rate of 16 / 250 = 0.064, i.e. 6.4%.
Of all the survey responses, ten datasets were complete, i.e. they contained answers to all four
blocks. Three respondents only answered one block, one respondent did two blocks and two
respondents provided answers to three blocks. This gives an additional 2.75 complete datasets,
which means that each Lean Enabler has either 12 or 13 values.
However, since the intent was to split the sample into subgroups according to the control variables,
the number of responses is not sufficient. Out of the 16 respondents, only seven described their role
as program manager (Figure 7-4 a). Based on these datasets and looking at a preliminary analysis of
the survey data, not yet taking into account the splitting of the sample, it was concluded that at this
point the data available is insufficient to provide information about implementation efforts of
specific program types.

Figure 7-3: Type, budget (or revenue) and industry of organization of program (n = 16)
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Figure 7-4: Role of respondent, program and development budget and category of program (n = 16)

Nevertheless, Figure 7-3 and Figure 7-4 show the evaluation of the information gathered about the
organizational and program characteristics. Half the companies or organizations have a budget of
over one billion US dollars (Figure 7-3 b). This correlates with the large proportion of companies
active in the defense, space and aviation industry (Figure 7-3 c). More than two thirds of the
programs focus on engineering, technology, software or construction (Figure 7-4 d), which are the
types of programs this study investigates. Figure 7-4 b) and c) show that the size of the programs
covers a considerable spectrum, from programs that are very well funded to other that have budgets
of less than $ 500’000.
Figure 7-5 shows the evaluation of the survey data for the duration of the initial implementation of
the Lean Enablers, where in all diagrams the values of the vertical axes correspond with the
numbering used in the scale (Figure 7-1). Unfortunately, these values cannot be translated directly,
as the scale uses a range of values. It is apparent that the average duration of initial implementation
revolves around the value of 4, which corresponds to a three months to one year duration. Taking
the standard deviation into account, which is also fairly consistently in the order of one, one can
argue that the duration can range from one month to around three years. This wide spread further
complicates a trustful use of the data. In spite, a few observations can be drawn from the data. In
Figure 7-5 a), Lean Enabler 1.2 is apparently assumed to be rather fast to implement, at least
compared to the other Lean Enablers in this group. Lean Enabler 1.2 aims at increasing motivation
through transparent communication of the higher purpose of the program and its program elements.
Lean Enabler 3.6 (Figure 7-5 c), which suggests the use of probabilistic estimates in program
planning, seems to be less difficult to implement in terms of time, as the lower average and lower
standard deviation indicate. The same applies to Lean Enabler 3.11 with the recommendation to
develop a communications plan. Lean Enabler 4.2 (clear responsibility, accountability and authority)
shows a higher difference between the average and the median value as most other Lean Enablers,
which is a sign of asymmetric underlying data. Therefore, the median probably provides a more
accurate value than the average. The Enablers in group 5 are characterized with a standard deviation
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lower than one as well (Figure 7-5 e). However, Lean Enabler 5.2 (effective contracting vehicles)
would, for example, on average still take between three months and three years. Based on the
diagrams, Lean Enabler 6.3 is probably the most difficult to implement. It suggests striving for
excellence of program management and Systems Engineering. A close second is Lean Enabler 6.2,
which centers on pursuing Lean for the long term. In general it can be observed that the values for
the average and the median are rather close together, which points towards a fairly symmetric
distribution of the underlying.
Figure 7-6 depicts the analysis of the number of people required during the duration of the initial
implementation. Here again, the values on the vertical axes do not represent the actual number of
people, but refer to the scale used in the survey. It can be observed that the standard deviation on
average is higher than one and therefore also higher than in the case of the duration of
implementation. Generally speaking, this part of the datasets seems to show more variation. In
Figure 7-6 a), the average and median values for Lean Enablers 1.1 and 1.4 are apparently different
(culture based on respect for people; expectation, promotion and support of professional
excellence). This leads to the conclusion that there is a long left tail, i.e. that the data is not uniformly
and symmetrically distributed, but has a higher concentration of data on the side of the higher
values. It can therefore be expected, that in these cases the median value represents the more
accurate estimation of the number of people required. The same is true for Lean Enabler 3.6
(probabilistic estimates in program planning), with the difference that here the long tail is on the
right side. In this case, Lean Enablers 1.1 and 1.4 in Figure 7-6 a) are considered the most difficult to
implement in terms of people required, as they both need around 15 or more individuals. In Figure
7-6 c) and Figure 7-6 d), Lean Enablers 3.6, 3.11 and 4.3 (use of program manager) require, according
to the present data, the least amount of people. Especially in the last case, this makes sense.
In effect, the data allows for some conclusions about the perceived difficulty of implementation, but
the initial purpose of a generic database cannot be realized. As mentioned before, this is due to the
low number of data sets on the one hand, which does not allow splitting into meaningful subsets. On
the other hand, the current data shows a relatively high variation which is apparent in the standard
deviation. This issue could be resolved with more data, but for now no useful conclusions can be
drawn. Additionally, in the case of the duration of implementation, the data seems to be more
symmetric (see above). With more data, it is possible that the peak of the distribution becomes more
clearly discernible.
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Figure 7-5: Duration of initial implementation of Lean Enablers (n = 12 or n = 13)
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Figure 7-6: Number of people required during initial implementation of Lean Enablers in FTE (n = 12 or n = 13)
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7.3 Determining Effort for Implementing Lean Enablers
As the survey did not provide enough data to build up the database with the stated intent, another
approach was considered. Labeled a fallback option earlier, the individual assessment of Lean
Enablers was again taken into consideration. To simplify the process and to take into account the
existing pre-selection by the two first dimensions, risk mitigation potential and degree of
implementation, it is suggested that only the top ten Lean Enablers, according to their aggregated
priority, be looked at more closely with respect to effort for implementation (Figure 7-7).
Again, the topic of suitable and appropriate metrics needs to be considered. In order to facilitate
decision making, it is proposed to leave the decision for the right measure to the respondent, as long
as the measure is used consistently across all top ten Lean Enablers (e.g. from most
difficult/expensive/time-consuming/complex to least difficult/expensive/time-consuming/complex
etc.). The rank assigned with this method to each Lean Enabler is then used to determine the overall
priority across all dimensions.
Additionally, a weighting factor can be introduced to fine-tune the relationship between aggregated
priority, standing for the benefits of Lean Enabler implementation, and the corresponding effort or
cost. This allows for better representation of the strategic importance that is assigned to the
mitigation of risks and the implementation of Lean Enablers. Depending on the circumstances, for
example, the costs could be irrelevant as the business case is compelling enough or the necessary
resources are discretionary, so a low weight could be given to them in order to mirror that situation
in the calculation of overall priority. This is proposed to be done by the following formula:

where WE and WP are the weights for effort/costs (WE) and priority (WP), and RE and RP the
corresponding ranks according to effort (RE) and priority (RP). A summation instead of a
multiplication is necessary, as the introduction of weighting factors is futile otherwise.
Figure 7-7 provides an example of this process. The input to the right is the output of the first
prioritization stage, which combines the relevance with the current degree of implementation of
Lean Enablers. The user is then required, depicted in the grey box, to qualitatively estimate the
relative implementation efforts, based on a metric of his choice. He can further choose the weighting
factors. These, applied to the two rankings and not the values behind it, result in the final weighted
prioritization, which can be seen to right.

Figure 7-7: Simplified process of user input-based prioritization of Lean Enablers
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7.4 Summary

Figure 7-8: Morphological box with options for the assessment of implementation effort

In the preceding chapter, first the development of a basic model to assess implementation effort is
explained. Based on this collection of metrics and their scale, which uses duration of implementation
and number of people required during implementation as the driving metrics, a survey was
conducted to generate a large database. The aim was to provide generic information about
implementation effort for a specific program based on the input of a few program characteristics as
control variables. Due to insufficient data, which is mainly the cause of a relatively low response rate,
this aim cannot be accomplished. An alternative was found in the individual assessment of the top
ten Lean Enablers, using a common, but user defined metric for all of them.
In this case, neither option “RED”, nor option ”GREY” exactly match the solution proposed here, as
the measure is undefined, but the effort analysis will be done based on individual assessment, so
option “GREY” is pursued for this part of the process (and so far only for this process), namely the
third dimension (Figure 7-8).
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8 Conclusion, Discussion & Outlook
8.1 Summary of Results
In the present thesis, three research questions are answered:
1. How can best practices with the highest risk mitigation potential be identified?
2. How can best practices be tailored and customized to a specific program?
3. What is the effort associated with implementation of best practices?
For that purpose and providing answers to all three questions, a process model for the risk-based
customization and prioritization of lean program management best practices is presented. The task
of tailoring and prioritizing is achieved along three different dimensions, thereby answering the
second research question: risk mitigation potential, current degree of implementation and effort for
implementation of these best practices. Other dimensions exist, but were considered to be of lesser
importance and significance.
First, for each dimension, functions and partial solutions were identified and inserted into a
morphological box. This representation allowed for the creative identification of potential overall
solutions. Two of these were found and judged by the criteria found in the objectives. Option RED
was found to be more compatible, so this solution and especially its three dimensions were pursued
and detailed.
To determine the risk mitigation potential, a collection of program challenges is assessed with
respect to their risk level, which is calculated as a product of the measures for their likelihood of
occurrence and the corresponding impact in case of occurrence. This level of risk is then translated to
the lean best practices that address each particular challenge through an underlying mapping of best
practices to challenges. The result of this step is a measure for each best practice that expresses its
relevance towards risk mitigation. In short and to answer the first research question, the suggested
method to identify the best practices with the highest risk mitigation potential accumulates the level
of risk of all challenges that an individual best practices is addressing.
The current degree of implementation or the maturity of these best practices inside an organization
or program is to be evaluated in the form of a self-assessment, using a CMMI-like scale that denotes
five different levels of maturity. Combining the measure for the mitigation potential and the degree
of implementation enables a first prioritization that represents the overall benefit, which can then be
refined using the estimated effort (or cost) for implementation.
Due to poor response rates and insufficient data from the respective survey, the attempt to obtain a
sufficiently large number of data points to be able to characterize implementation effort for a variety
of programs and organizations based on this generic data was not successful. Alternatively, it is
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suggested that the user of the process model directly assesses the implementation effort. This way,
program specificity is expected to be higher, even though a tradeoff with objectivity is assumed.
Therefore, the third and last dimension is designed to consist of a rating of the top ten (or more) best
practices that result from the previous two dimensions. If necessary and/or desired, a weighting
factor can be introduced to weight costs against the aggregated benefits of using and implementing
the program management best practices. The effort for implementation therefore could not be
universally quantified during the present study and one needed to resort to a qualitative
determination. As for the third research question, the use of metrics and factors such as cost,
duration, manpower required or program complexity, either individually or in combination, is
recommended, depending on data availability and knowledge of the respondent.
Pilot trials of the process model with several industry experts resulted in overall positive and
satisfactory feedback. The output was deemed useful and interesting. A first validation was
conducted at a conference and in a company with multiple individual respondents. A second round
of trials was done in two companies with a whole team acting as respondent. The two different
approaches also uncovered two types of application which were both regarded as compelling and
beneficial in certain situations.
To conclude, three basic and simple steps with minimal input from the user are capable of
establishing a prioritized list of program management best practices for a specific program and its
circumstances.

8.2 Innovation and Contribution
Investigation of available literature and interviews with industry experts have uncovered the need for
a process or algorithm that connects input from risk management, change management and program
management together with lean thinking to customize and prioritize lean program management best
practices for implementation. The presented process fills this gap by assembling and incorporating
these elements into a simple, yet effective and efficient methodology.
More specifically, the direct identification of risk mitigation actions based on the assessment of a
fixed set of risks is considered a novelty. Not only does the process accomplish this, but it also
prioritizes the Lean Enablers based on the additional evaluation of current program status and
correspondingly supports decision-makers in their strategic choice of direction and implementation
of Lean Enablers.
Furthermore, the development of a set of measures to capture implementation effort in the context
of engineering programs and applied to Lean Enablers is expected to be a useful contribution for
academia and practitioners alike. Although the survey with the aim to collect generic implementation
effort data did not succeed in terms of volume up to the time of writing of the present thesis, the
underlying idea promises to provide a clearer idea of the costs associated with the proven benefits of
using Lean Enablers in a program or organization. In most cases, only a convincing business case
leads to the decision to undertake ventures ranging from simple redesign of processes to the
complete overhaul of a company’s architecture.

8.3 Practical Impact
Firstly, the process presented in this thesis contributes to a significant reduction of time needed in
order to identify the most relevant best practices for a given program. Normally, the full collection of
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Lean Enablers with its sub-enablers is difficult to manage and quite some time would be required to
go through them all. By shortening this identification task, the process model is expected to satisfy a
need by program managers whose time is valuable and limited. Along with this, the operability of
best practice implementation is greatly improved and facilitated.
Secondly, by linking risk identification and assessment to the Lean Enablers, this contribution to risk
mitigation is expected to further induce substantial improvement in program performance. Through
implementation of the Lean Enablers not only are the most critical risks reduced, but the program
and its organization is also brought on track towards a sustainable, bright and most of all lean future.
Thirdly, as a byproduct of risk mitigation and Lean Enabler prioritization, the process requires the
user to reflect on the current status of the program and to quantify it on a maturity scale, thereby
ensuring that progress is constantly monitored and continuous improvement incentivized.
In addition to that and as mentioned before, the method is also aimed at aiding program
management in establishing priorities for the realization of quick wins and interim measures by
allocating resources accordingly. By allowing categorization of Lean Enablers along the two
dimensions degree of implementation and relevance of Lean Enablers, the biggest gaps can be
uncovered and the most promising and sensible strategies can be deducted.
Moreover, the process gives the user an idea of a rough and non-monetary cost-benefit balance with
respect to the use of Lean Enablers. The opportunity is provided to judge subjectively and
qualitatively, but still independently on both the costs and the benefits that an implementation of
certain Lean Enablers would entail. The associated thought process further is assumed to help in
creating an idea of priority in the mind of the user.
Finally, the process is simple to use and can be applied in a variety of ways, by individuals or in a
team, during the definition phase of a program or during program execution. It can further be
applied across organizational units or hierarchies to facilitate understanding of different perspectives
inside a program. Furthermore, no extensive data collection needs to precede application, only the
experience and knowledge of the user/users is required.
Pilot trials have shown that the process and the respective tool are easily comprehensible, that the
results are esteemed to be valuable and that the use of this tool contributes to a better
understanding of Lean Thinking and its importance for organizations and programs not only as a
compulsory exercise, but an essential mindset.

8.4 Limitations
Limitations to this study include, first and foremost, the collection of Lean Enablers incorporates a
few inconsistencies which make it almost impossible, for example, to define a clear distinction
between Lean Enablers only affecting a program and those applicable to the whole organization,
even though they evolved around program management.

8.4.1 Risk Mitigation Potential of Lean Enablers
When it comes to the assessment of risk mitigation potential, the collection of ten challenges used in
this study represent a high level description of potential pitfalls which in turn might impede the
identification and assessment of “real” risks. Furthermore, owed to their generality, they are hard to
quantify and assess with the measures proposed here, even though a qualitative judgment can
certainly be delivered. As already stated before, there are always so called “unknown unknowns” to
be expected in risk management. This also applies to these challenges, as they most likely do not
cover all potential risks a program could face.
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Another limitation applies to the qualitative assessment of risks, which is, according to literature,
prone to serious misjudgments due to psychological biases and subjectivity, which leads to low
consistency of assessments. This also applies to the scales, which with a different number of levels or
different formulations of the levels could result in an altogether different outcome.
Even though the results of the mapping of challenges to Lean Enablers seemed to be quite promising,
no guarantee exists that there is not a more comprehensive and accurate mapping, also with respect
to the mathematics leading to the Lean Enabler relevance. As such a mapping could differ from
program to program this fortunately also provides an opportunity for program specific adaptation of
the process.

8.4.2 Self-Assessment of Lean Enabler Maturity
With regard to the topic of self-assessing the effort for implementing Lean Enablers, a CMMI-like
scale was chosen based on its reputation and publicity. A more specialized scale might be harder to
understand and grasp while still providing easier judgment. This is even more the case with the Lean
Enablers that do not classify as processes and are therefore hard to assess with the classic CMMI
scale. Additionally, the calculation of the aggregated priority and the representation of it in a matrix
can be discussed and criticized as being too simple. At the moment, the two dimensions are
weighted equally and simple multiplication generates the aggregated priority. There might be room
for fine-tuning this algorithm to increase accuracy and to avoid values of equal rank.

8.4.3 Effort for Implementation of Lean Enablers
As it is generally the case with surveys and results obtained from them, some significant weaknesses
and limitation cannot be avoided. Time-restrictions and lack of access to a large enough population
to be sampled limited the effectiveness of this approach.
No precedent could be found in literature that used a similar scale for answering the survey
questions. Standardized scales were not usable due to the complexity of the questions and the
matter. A new scale had to be developed which required deciding on what measures and how many
of them would accurately enough describe implementation effort. The survey design version
presented in this thesis was developed to the best of available knowledge and expertise and went
through multiple iterative improvements. Still, the obtained results appeared to be unsatisfying.
To ask for an assessment of a Lean Enabler by providing keywords to hint at the sub-enablers
included in it might have been confusing for survey respondents, especially for those not familiar
with the concept of the Lean Enablers. It was decided to implement a scale requiring a quantitative
assessment, which is expected to be desired for credibility reasons, but is likely to lack closeness to
reality. Finally, as introduced in the literature review, there are serious limitations to the human
ability to judge accurately and objectively.
Due to the low response rate, the mediocre number of datasets and also due to time constraints, the
analysis of the survey data was not done in-depth and might reveal additional insight when looked at
again more closely.

8.5 Outlook
Despite the positive feedback and the seemingly benevolent attitude towards application of the
method, potential for improvement or more profound investigation is abundant. There are four main
areas that have been identified.
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Firstly, program specificity could be greatly enhanced, for example through the inclusion of a more
thorough risk assessment procedure, which is not based on a fixed collection of risks and a generic
mapping to risk mitigations, but rather takes into account the sometimes unique circumstances and
cultural characteristics. The significance of the output could also be enhanced by using sub-enablers,
not the more generalized Lean Enablers, as they provide a greater degree of detail and more
concrete information about their usage and its associated benefits. Unfortunately, this would mean a
tradeoff at the cost of usability and speed, as more information needs to be available and
significantly more time needs to be spent on risk assessment tasks.
Secondly, the Lean Enablers cannot all be considered as practices; they sometimes represent cultural
and ethical values or in general have different ramifications after implementation. When it comes to
implementing them, some could possibly be implemented in a one-day workshop, whereas others
definitely require the attention of generations in order to fully ripe and to deploy their true potential.
At the moment, all Lean Enablers are treated equally and are assessed with the same metrics and in
the same framework. It might be revealing to assign more representative metrics and to respect the
nature of the individual Lean Enablers, which could result in increased validity of the output.
Thirdly, the concept of implementation effort assessment could not be studied extensively due to
time limits and due to lack of access to a large enough sample. However, with enough data at hand, a
substantially more quantitative approach could be pursued, thus increasing credibility and
objectivity. The results will in turn likely gain in importance for decision making.
Lastly and probably most interestingly, the aspect of performance improvement as the idea behind
the whole process could also be tackled from an entirely different angle. Instead of implementing
Lean Enablers and thereby performing reactive crisis management, a fundamental re-architecting of
the program as a socio-technical system could be contemplated. This would require a long-term
commitment and might even introduce new risks. At the same, though, it follows the general
mentality of Lean Thinking that promotes sustainability in the long run, even at the cost of shortterm turbulences.
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Appendix
A. Collection Lean Enablers
1.x – Lean Enablers to Treat People as Your Most Important Asset
1.1

Build a program culture based on respect for people

1.1.1.

Understand that programs fail or succeed primarily based on people, not process. Treat people as the
most valued assets, not as commodities.

1.1.2.

Invest in people selection and development to address enterprise and program excellence. Ensure that
hiring process matches the real needs of the program for talent and skill.

1.1.3.

Program leadership must be a mentor and provide a model for desired behavior in the entire program
team, such as trust, respect, honesty, empowerment, teamwork, stability, motivation and drive for
excellence.
Hire people based on passion and "spark in the eye" and broad professional knowledge, not only based
on very specific skill needs (hire for talent, train for skills). Do not delegate this critical task to
computers scanning for keywords.

1.1.4.

1.1.5.

Reward based upon team performance, and include teaming ability among the criteria for hiring and
promotion. Encourage teambuilding and teamwork.

1.1.6.

Practice "walk-around management". Do not manage from cubicle; go to the work and see for yourself

1.1.7.

Build a culture of mutual trust and support (there is no shame in asking for help).

1.1.8.

Promote close collaboration and relationship between internal customers and suppliers. Do not allow
"lone wolf behavior"

1.1.9.

When staffing the top leadership positions (including the program manager), choose team players and
collaboratively-minded individuals over perfect-looking credentials on paper.

1.1.10.

When resolving issues, attack the problem, not the people.

1.2

Motivate by making the higher purpose of the program and program elements
transparent

1.2.1.

Create a shared vision which draws out and inspires the best in people

1.2.2.

Ensure everyone can see how their own contributions contribute to the success of the program vision

1.3

Support an autonomous working style

1.3.1.

Use and communicate flow down of Responsibility, Authority and Accountability (RAA) to make
decisions at lowest appropriate level

1.3.2.

Eliminate fear from the work environment: Promote conflict resolution at the lowest level;
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1.3.3.

Allow certain amount of "failure" in a controlled environment at lower levels, so people can take risk
and grow by experience

1.3.4.

Within program policy and within their area of work, empower people to accept responsibility and take
action. Promote the motto “rather ask for forgiveness than permission.”

1.3.5.

Keep management decisions crystal clear while also empowering and rewarding the bottom - up
culture of continuous improvement and human creativity and entrepreneurship

1.4

Expect and support people as they strive for professional excellence and promote
their careers

1.4.1.

Establish and support Communities of Practice.

1.4.2.

Invest in Workforce Development.

1.4.3.

Ensure tailored Lean training for all employees

1.4.4.

Give leaders at all levels in - depth Lean training.

1.4.5.

Promote and honor professional meritocracy.

1.4.6.

Establish a highly experienced core group ("grayhairs") that leads by example and institutionalizes
positive behavior

1.4.7.

Perpetuate professional excellence through mentoring, friendly peer-review, training, continuing
education, and other means.

1.5

Promote the ability to rapidly learn and continuously improve

1.5.1.

Promote and reward continuous learning through education and experiential learning

1.5.2.

Provide easy access to knowledge experts as resources and for mentoring, including "friendly peer
review"
Value people for the unconventional ideas they contribute to the program with mutual respect and
appreciation

1.5.3.
1.5.4.

Capture and share tacit knowledge to stabilize the program when team members change

1.5.5.
1.5.6.

Develop standards paying attention to human factors, including level of experience and perception
abilities
Immediately organize quick training in any new standard to ensure buy-in and awareness

1.6

Encourage personal networks and interactions

1.6.1.

Prefer physical team co - location to the virtual co - location.

1.6.2.

For virtually co-located teams, invest time and money up-front to build personal relationship in face-toface settings

1.6.3.

Promote direct human communication to build personal relationships

1.6.4.

Engage in boundary spanning activities across organizations in the enterprise (e.g., value stream
mapping)
Engage and sustain extensive stakeholder interactions

1.6.5.
1.6.6.

Support the development of informal and social networks within the program and to key stakeholders
in the program environment

1.6.7.

Encourage (and document when appropriate) open information sharing within the program

1.6.8.

Program manager must have respect and personal relationship with all four main stakeholder groups:
customers, superiors, program employees and key contractors/suppliers.
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2.x – Lean Enablers to Maximize Program Value
2.1

Establish the value and benefit of the program to the stakeholders

2.1.1.

Define value as the outcome of an activity that satisfies at least three conditions. a. The external
customer stakeholders are willing to pay for value. b. Transforms information or material or reduces
uncertainty. c. Provides specified program benefits right the first time.

2.1.2.

Define value - added in terms of value to the customer stakeholders and their needs

2.1.3.

Develop a robust process to capture, develop, and disseminate customer stakeholder value with
extreme clarity.

2.1.4.

Proactively resolve potential conflicting stakeholder values and expectations, and seek consensus.

2.1.5.

Explain customer stakeholder culture to Program employees, i.e. the value system, approach, attitude,
expectations, and issues.

2.2

Focus all program activities on the benefits that the program intends to deliver

2.2.1.

All program activities, including communications and metrics must be focused on the intended
outcomes of the program, the program’s planned benefits

2.2.2.

Align program resources to achieve planned benefits and incorporate activities that will enable the
benefits achieved to be sustained following the close of the program

2.2.3.

Ensure program staff and teams fully understand how program execution and benefits relate to highlevel organizational goals (e.g., competitiveness and profitability)

2.3

Frequently engage the stakeholders throughout the program lifecycle

2.3.1.

Everyone involved in the program must have a customer - first spirit, focusing on the clearly defined
program value and requirements.

2.3.2.

Establish frequent and effective interaction with internal and external stakeholders.

2.3.3.

Pursue a program vision and architecture that captures customer stakeholder requirements clearly and
can be adaptive to changes.

2.3.4.

Establish a plan that delineates the artifacts and interactions that provide the best means for drawing
out customer stakeholder requirements.

2.3.5.

Structure communication among stakeholders (who, how often, and what)

2.3.6.

Create shared understanding of program content, goals, status and challenges among key stakeholders

2.3.7.

Communicate accomplishments and major obstacles with stakeholders regularly and with
transparency.
Build trust and healthy relationships with stakeholders by establishing open communication and early
engagement with the program planning and execution.

2.3.8.
2.3.9.

Listen to the stakeholders’ comments and concerns patiently and value their views and inputs.

2.3.10.

Clearly track assumptions and environmental conditions that influence stakeholder requirements and
their perception of program benefits

2.3.11.

Use program component selection and review with the key stakeholders as an opportunity to
continuously focus the program on benefits delivery

2.4

Develop high-quality program requirements among customer stakeholders before
bidding and execution process begins

2.4.1.

Assure that the customer-level requirements defined in the request for proposal (RFP) or contracts are
truly representative of the need, stable, complete, crystal clear, de-conflicted, free of wasteful
specifications, and as simple as possible

2.4.2.

Use only highly experienced people and expert institutions to write program requirements, RFPs and
contracts.
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2.4.3.

If the customer lacks the expertise to develop clear requirements, issue a contract to a proxy
organization with towering experience and expertise to sort out and mature the requirements and
specifications in the RFP. This proxy must remain accountable for the quality of the requirements,
including personal accountability.

2.4.4.

Prevent careless insertion of mutually competing and conflicting requirements, excessive number of
requirements, standards, and rules to be followed in the program, mindless "cut-and-paste" of
requirements from previous programs.

2.4.5.

Minimize the total number of requirements. Include only those that are needed to create value to the
customer stakeholders.

2.4.6.

Insist that a single person is in charge of the entire program requirements to assure consistency and
efficiency throughout.

2.4.7.

Require personal and institutional accountability of the reviewers of requirements until the program
success is demonstrated.

2.4.8.

Always clearly link requirements to specific customer stakeholder needs and trace requirements from
this top level to bottom level

2.4.9.

Peer review requirements among stakeholders to ensure consensus validity and absence of conflicts

2.4.10.

Require an independent mandatory review of the program requirements, concept of operation, and
other relevant specifications of value for clarity, lack of ambiguity, lack of conflicts, stability,
completeness, and general readiness for contracting and effective program execution.

2.4.11.

Clearly articulate the top-level objectives, value, program benefits and functional requirements before
formal requirements or a request for proposal is issued.

2.4.12.

Use a clear decision gate that reviews the maturity of requirements, the trade-offs between top-level
objectives, as well as the level of remaining requirements risks before detailed formal requirements or
a request for proposal is issued.

2.5

Clarify, derive and prioritize requirements early, often and proactively

2.5.1.

Develop an agile process to anticipate, accommodate, and communicate changing customer
requirements
Follow up written requirements with verbal clarification of context and expectations to ensure mutual
understanding and agreement. Keep the records in writing, share the discussed items and do not allow
requirements creep.

2.5.2.

2.5.3.

2.5.4.

Use architectural methods and modeling to create a standard program system representation (3D
integrated CAE toolset, mockups, prototypes, models, simulations, and software design tools) that
allow interactions with customers and other stakeholders as the best means of drawing out
requirements.
Listen for and capture unspoken customer requirements

2.5.5.

To align stakeholders, identify a small number of primary goals and objectives that represent the
program mission, how it will achieve its benefits, and what the success criteria will be to align
stakeholders. Repeat these goals and objectives consistently and often.

2.5.6.

Actively promote the maturation of stakeholder requirements, e.g., by providing detailed trade-off
studies, feasibility studies and virtual prototypes

2.5.7.

Facilitate communication between different and possibly diverging stakeholders to develop a shared
understanding of the program among the stakeholders, clearly identifying and incorporating the
various interests of different stakeholders (aligned, indifferent, or opposed), and establish trust.

2.5.8.

Create effective channels for clarification of requirements (e.g., involving customer stakeholders in
program teams)

2.5.9.

Fail early and fail often through rapid learning techniques (e.g., prototyping, tests, simulations, digital
models or spiral development)

2.5.10.

Employ agile methods to manage necessary requirements change, and make the program deliverables
robust against those changes: Make both program processes and program deliverables reusable,
reconfigurable and scalable.
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2.6

Actively minimize the bureaucratic, regulatory and compliance burden on the
program and sub-projects

2.6.1.

Strive to minimize and streamline the burden of paperwork for external stakeholders by actively
engaging them in the process and clearly articulating and aligning the benefit generated by each report

2.6.2.

Minimize and streamline the program-internal reporting for program activities and sub-projects by
optimizing the internal reporting requirements. Only require reports that are clearly necessary, and
align reporting requirements to reduce redundant reporting.

2.6.3.

Ensure all review and approval steps are truly needed and value-adding in the program

3.x – Lean Enablers to Optimize the Value Stream
3.1

Map the management and engineering value streams and eliminate non-value
added elements

3.1.1.

Plan to develop only what needs to be developed

3.1.2.

Promote reuse and sharing of program assets. Utilize standards, standard processes, modules of
knowledge, technical standardization and platforms, and software libraries.

3.1.3.

Have cross functional stakeholders and program leadership work together to build the agreed value
stream.
Use formal value stream mapping methods to identify and eliminate management and engineering
waste, and to tailor and scale tasks.

3.1.4.

3.2

Actively Architect and manage the Program Enterprise to optimize its performance
as a system

3.2.1.

Keep activities during early program phases internal and co-located, as there is a high need for
coordination.
Set up a single, co-located organization to handle the entire Systems Engineering and Architecting for
the entire effort throughout the life cycle, in order to increase RAA.

3.2.2.
3.2.3.

Ensure that Systems Engineering and Architecting are a central part of program management and not
outsourced or subcontracted, as these activities require a high level of coordination.

3.2.4.

Develop a clear vision and holistic view of the future state of your program enterprise, including future
portfolio of products, including both the future organization as well as the future value stream. Provide
guidance on a clear path forward and ensure that resources are aligned with this vision.
Use a clear architectural description of the agreed solution to plan a coherent program, engineering
and commercial structures.

3.2.5.
3.2.6.

Change the program “mindset” to focus on the entire program enterprise and the value it delivers to
customer stakeholders

3.2.7.

Lead and sustain the transformation to an integrated program management and systems engineering
enterprise across customer and supplier organizations.

3.2.8.

Insist on adopting an adaptive architecture that meets the operational needs, while not catering to any
proprietary technologies or capabilities of potential contractors

3.3

Pursue multiple solution sets in parallel

3.3.1.

Plan to utilize cross - functional teams made up of the most experienced and compatible people at the
start of the project to look at a broad range of solution sets.

3.3.2.

Explore the trade space and margins fully before focusing on a point decision and too small margins.
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3.3.3.

For key decisions, explore alternative options in parallel as long as feasible. For example, use the
method of Set-based Concurrent Engineering

3.3.4.

Explore multiple concepts, architectures and designs early.

3.3.5.

Explore constraints and perform real trades before converging on a point design.

3.3.6.

All other things being equal, select the simplest solution.

3.4

Ensure up-front that capabilities exist to deliver program requirements

3.4.1.

Ensure strong corporate, institutional and personal accountability and personal penalties for "lowballing" of the budget, schedule, and risk and overestimating capabilities (e.g., the Technology
Readiness Levels (TRL)) in order to win the contract.

3.4.2.

If a "low-balling" is detected on a fixed price contract, insist on continuing the fixed price contract, or
program termination and re-bid. Do not allow switching to cost-plus.

3.4.3.

Ensure that planners and cost estimators are held responsible for their estimates during the execution
of the program. Minimize the risk of wishful thinking.

3.5

Front-load and integrate the program

3.5.1.

Plan early for consistent robustness and right the first time under "normal" circumstances, instead of
hero-behavior in later "crisis" situations

3.5.2.

Up-front in the program, dedicate enough time and resources to understand what the key
requirements and intended program benefits really are

3.5.3.

Establish a system and process that allows comprehensive, effective and efficient up-front planning of
program before execution begins

3.5.4.

The program leadership team (program manager, technical managers, lead system engineers etc.) must
identify key stakeholders that will be involved throughout the program life cycle before the program
execution begins

3.5.5.

Hold program kick-off meeting with key stakeholders that identifies the program benefits, the key
mechanisms to realize these benefits (e.g., value stream mapping), identify and assign roles &
responsibilities, identify key dependencies and risks in program, set key milestones and establish an
action plan

3.5.6.

Propagate front-loading of program throughout critical sub-projects with similar workshops to those
described above

3.5.7.

Ascertain what is available to the program (resources, talent, budget and timeline) and what not
available prior to making commitment to the customers and other stakeholders.

3.5.8.

Hold Lean Accelerated Planning sessions at the program level and for key sub-projects, engaging all
stakeholders in developing master schedule, value stream map, risks and opportunities, key
assumptions and action items

3.5.9.

For all critical activities, define who is responsible, approving, supporting, and informing (also known as
RACI matrix), using a standardized tool, paying attention to precedence of tasks and documenting
handoffs
Transition the front-loading of the program and key projects into a continuous planning and
improvement process with regular workshops

3.5.10.
3.5.11.

Anticipate and plan to resolve as many downstream issues and risks as early as possible to prevent
downstream problems.

3.5.12.

Include a detailed risk and opportunity identification, assessment and mitigation in the early program
planning phases

3.5.13.

Ensure that technical challenges within the program are adequately addressed by management staff
during the planning process

3.5.14.

Program manager must personally understand, clarify and remove ambiguity, conflicts and waste from
key requirements and expectations at the program start
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3.5.15.

Heavily involve the key suppliers in program planning and at the early phases of program.

3.6

Use probabilistic estimates in program planning

3.6.1.

Develop probabilistic estimates for cost, schedule and other critical planning forecasts

3.6.2.

Base your planning assumptions on confidence intervals, not on point estimates

3.7

Work with suppliers to proactively avoid conflict and anticipate and mitigate
program risk

3.7.1.

Permit outsourcing and subcontracting only for program elements that are perfectly defined and
stable. Do not subcontract early program phases when the need for close coordination is the strongest.

3.7.2.

Have the suppliers brief the program management team on current and future capabilities during
conceptual program phases.

3.7.3.

Engage suppliers early in the program to identify and mitigate critical supplier-related risks

3.7.4.

Respect your extended network of partners and suppliers by challenging them and helping them
improve.
Streamline supply chain processes and focus on just-in-time operations that minimize inventory
carrying costs.

3.7.5.
3.7.6.

When defining requirement sets for multiple suppliers, ensure that they are independent of each other,
in order to minimize risk and reduce the need to manage dependencies among suppliers.

3.7.7.

Communicate to suppliers with crystal clarity all expectations, including the context and need, and all
procedures and expectations for acceptance tests, and ensure the requirements are stable

3.7.8.

Select suppliers who are technically and culturally compatible

3.7.9.

Strive to develop a seamless partnership between suppliers and the product development team

3.7.10.

Include and manage the major suppliers as a part of your team

3.7.11.

Invite suppliers as trusted program partners to make a serious contribution to SE, design, and
development
Trust engineers to communicate with suppliers' engineers directly for efficient clarification, within a
framework of rules, but watch for high risk items which must be handled at the top level

3.7.12.

3.8

Plan leading indicators and metrics to manage the program

3.8.1.

Use leading indicators to enable action before risks become issues.

3.8.2.

Focus metrics around customer stakeholder value and program benefits.

3.8.3.

Use only few simple and easy to understand metrics and share them frequently throughout the
enterprise.
Use metrics structured to motivate the right behavior. Be very careful to avoid the unintended
consequences that come from the wrong metrics incentivizing undesirable behavior.

3.8.4.
3.8.5.

Use only those metrics that meet a stated need, objective or program benefit.

3.9

Develop an Integrated Program Schedule at the level of detail for which you have
dependable information

3.9.1.

Create a plan to appropriately integrate and align program management, systems engineering and
other high-level planning and coordination functions.

3.9.2.

Maximize concurrency of independent tasks and tasks that inform each other.

3.9.3.

Synchronize work flow activities using scheduling across functions, and even more detailed scheduling
within functions.

3.9.4.

Plan below full capacity to enable flow of work without accumulation of variability, and permit
scheduling flexibility in work loading, i.e., have appropriate contingencies and schedule buffers.
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3.9.5.
3.9.6.

Plan for level workflow and with precision to enable schedule adherence and drive out arrival time
variation.
Carefully plan for precedence of engineering and management tasks (which task to feed what other
tasks with what data and when), understanding task dependencies and parent - child relationships.

3.9.7.

Update detailed planning regularly to reflect new information, being consistent with the long-term
strategic plan. Do not force programs to execute against a detailed, outdated plan that was developed
based on incomplete information

3.10

Manage Technology Readiness Levels and protect program from Low-TRL delays and
cost overruns

3.10.1.

Create transparency regarding the technology risks and associated cost and schedule risks before largescale programs are contracted. Issue small contracts to mature critical technologies before starting
large-scale program.

3.10.2.

Institute clear guidelines for technology maturation and insertion process in your program. Clearly
define what type and level of technology, cost and schedule risk is acceptable under what
circumstances (paralysis by analysis vs. program failure).

3.10.3.

Fully understand both the risks and opportunities involved in the use of new/immature technologies
and new engineering/manufacturing processes.

3.10.4.

Utilize program management strategies that produce the best balance between technology risk and
reward in your program, such as evolutionary acquisition, incremental or spiral development.

3.10.5.

Extensively use risk management to accept appropriate levels of technology risk and ensure sufficient
mitigation actions are in place.

3.10.6.

Remove show-stopping research and unproven technology from critical path of large programs. Issue
separate development contracts, staff with co-located experts, and include it in risk mitigation plan. Reexamine for integration into program after significant progress has been made, or defer to future
systems.
Provide stable funding for technology development and maturation. This will support a steady, planned
pipeline of new technologies to be inserted into the program.

3.10.7.
3.10.8.

Match technologies to program requirements. Do not exceed program needs by using unnecessarily
exquisite technologies ("gold plating").

3.10.9.

Perform robust system architecting and requirements analysis to determine technology needs and
current technology readiness levels

3.10.10. Ensure clear, program-wide understanding of agreed-upon technologies and technology standards
3.10.11. Utilize Independent Technical Reviews to confirm a capability to deliver and integrate any new
technology that could delay the program or cause schedule overruns.

3.11

Develop a Communications Plan

3.11.1.

Develop and execute a clear communication plan that covers the entire value stream and stakeholders.

3.11.2.

Plan to use visual methods wherever possible to communicate schedules, workloads, changes to
customer requirements, etc.

4.x – Lean Enablers to Create Program Flow
4.1

Use systems engineering to coordinate and integrate all engineering activities in the
program

4.1.1.

Seamlessly and concurrently engage Systems Engineers with all engineering phases from the preproposal phase to the final program delivery.

4.1.2.

Maintain team continuity between phases to maximize experiential learning, including pre-proposal
and proposal phases.
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4.2

Ensure clear responsibility, accountability and authority (RAA) throughout the
program from initial requirements definition to final delivery

4.2.1.

4.2.2.

Nominate a permanent, experienced program manager fully responsible and accountable for success of
the entire program lifecycle, with complete authority over all aspects of the program (business and
technical).
Ensure continuity in the program manager position and avoid personnel rotation.

4.2.3.

Define and clearly communicate the Program Manager’s RAA across all stakeholders

4.2.4.

Hold people responsible for their contributions throughout the program lifecycle. Upstream activities
must be held responsible for issues they cause in downstream activities.

4.2.5.

In the top level program management team and decision making, the different roles (e.g., business and
technical) must exhibit a high level of teamwork, understanding and appreciation of the necessities in
each other's domain.

4.2.6.

Develop a process to ensure the timely and flawless coordination, interface, and hand-off (if needed)
of RAA among relevant program stakeholders and execution teams throughout the program life cycle

4.3

For every program, use a program manager role to lead and integrate program from
start to finish

4.3.1.

Groom an exceptional program manager with advanced skills to lead the development, the people, and
assure program success.

4.3.2.

Ensure that the program manager possesses an appropriate background regarding: business, general
management and engineering experience; leadership and people skills; and experience working on
highly-technical engineering programs.

4.3.3.

Ensure that the competency, technical knowledge and other relevant domain knowledge of the
Program Manager and the other key members of the program team are on par with the technical
complexity of the program.

4.3.4.

Ensure that the program manager has clarity over the impact of technical, requirement and scope
changes (for example by clear traceability of requirements and effective use of change management
control boards).

4.4

The top level program management (e.g., program management office) overseeing
the program must be highly effective

4.4.1.

Program management staff turnover and hiring rates must be kept low

4.4.2.

Invest heavily in skills and intellectual capital; engage people with deep knowledge of the product and
technology

4.4.3.

Maximize co-location opportunities for program management, systems engineering and business
leadership and teams to enable constant close coordination, and resolve all responsibility,
communication, interface and decision-making issues up-front early in the program.

4.5

Pursue collaborative and inclusive decision making that resolves the root causes of
issues

4.5.1.

If decisions are based on assumptions that are likely to change, keep track of those assumptions and
adjust the decisions when they change

4.5.2.

Define your information need as well as time-frame for decision making. Adjust the needed information
and analysis to reflect the time you have to reach a decision.

4.5.3.

Take the time necessary to reach good decisions. Always explore a number of alternatives.

4.5.4.

Never delay a decision because you are not willing to take the responsibility or are afraid to discuss the
underlying issues.
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4.5.5.

Break down complex decisions into independent components as much as possible. Do not bargain for
power or status, but resolve each based on program and system requirements and constraints

4.5.6.

If you cannot make a decision for whatever reason, keep track of it and periodically review unmade
decisions.
Define a clear, streamlined process for critical decision making, resolving conflicts of interest and
converging on consensus.

4.5.7.
4.5.8.

Problems are corrected by those who created them, where they occur, and as soon as possible.

4.5.9.

Make decisions carefully by consensus, maintaining clear responsibility, thoroughly considering all
options. Search for solutions to issues that satisfy multiple stakeholders simultaneously. Stakeholder
interests must converge over time.

4.5.10.

Proactively manage trade-offs and resolve conflicts of interest among stakeholders. Do not ignore or try
to gloss them over.

4.5.11.

Ensure that system design, organizational design, contract design, risk management, decision making
among the stakeholders, metrics and incentive structure are aligned to support this ongoing and
dynamic decision making process.

4.6

Integrate all Program Elements and Functions through Program Governance

4.6.1.

Ensure program governance has full view, control and influence over the entire program to effectively
guide and balance the program and its individual components throughout its lifecycle

4.6.2.

Employ program supporting processes to integrate program components for effective delivery of the
program’s benefits and outcomes (e.g., program risk-, communication- and resource management)

4.6.3.

Seek and maintain independent reviews of the program. Assign teams outside of the program to
observe and assess the execution and health of the program. Engage non-advocates in review process

4.6.4.

Use a gated process for validating planning and execution of program, and leverage functional expertise
at these gates

4.6.5.

Ensure integration between different topical domains throughout the program lifecycle, e.g.,
architecture design, software- and hardware design

4.6.6.

Align incentives across the program enterprise

4.7

Use efficient and effective communication and coordination with program team

4.7.1.

Capture and absorb lessons learned from almost all programs. “never enough coordination and
communication.”

4.7.2.

Maximize coordination of effort and flow

4.7.3.

Maintain counterparts with active working relationships throughout the enterprise to facilitate efficient
communication and coordination among different parts of the enterprise, and with suppliers.

4.7.4.

Use frequent, timely, open and honest communication.

4.7.5.

Promote flat organization to simplify and speed up communication

4.7.6.

Promote direct, informal and face-to-face communication.

4.8

Standardize key program and project elements throughout the program to increase
efficiency and facilitate collaboration

4.8.1.

Standardize program management metrics and reporting system

4.8.2.

Identify repeatable program management activities and standardize them.

4.8.3.

Promote design standardization with engineering checklists, standard architecture, modularization,
busses, and platforms.

4.8.4.

Promote process standardization in development, management, and manufacturing.

4.8.5.

Promote standardized skill sets with careful training and mentoring, rotations, strategic assignments,
and assessments of competencies.
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4.9

Use Lean Thinking to promote smooth program flow

4.9.1.

Use formal frequent comprehensive integrative events in addition to programmatic reviews a. Question
everything with multiple “whys.” b. Align process flow to decision flow. c. Resolve all issues as they
occur in frequent integrative events. d. Discuss tradeoffs and options.

4.9.2.

Be willing to challenge the customer's assumptions on technical and meritocratic grounds, and to
maximize program stability, relying on technical expertise.

4.9.3.

Minimize handoffs to avoid rework.

4.9.4.

Optimize human resources when allocating value added (VA) and required, non-value added (RNVA)
tasks. a. Use professionals to do value-added professional work. b. When professionals are not
absolutely required, use non - professionals (support staff) to do required, non-value adding tasks

4.9.5.

Ensure the use of consistent measurement standards across all projects and database commonality.

4.9.6.

Use Lean tools to promote the flow of information and minimize handoffs. Implement small batch size
of information, low information in inventory, low number of concurrent tasks per employee, small takt
times, wide communication bandwidth, standardization, work cells, training.

4.9.7.

Use minimum number of IT tools and make common wherever possible.

4.9.8.

Minimize the number of the software revision updates (e.g., non critical updates) of IT tools and
centrally control the update releases to prevent information churning.

4.9.9.

Adapt the IT tools to fit the people and process.

4.9.10.

Avoid excessively complex and overly feature-rich IT tools. Tailor tools to program needs, not the other
way around.

4.10

Make program progress visible to all

4.10.1.

Make work progress visible and easy to understand to all, including external customer.

4.10.2.

Track the program's overall progress to deliver the program benefits

4.10.3.

Utilize Visual Controls in public spaces for best visibility (avoid computer screens).

4.10.4.

Develop a system that makes imperfections and delays visible to all.

4.10.5.

Use traffic light system (green, yellow, red) to report task status visually (good, warning, critical) and
make certain problems are not concealed.

4.10.6.

Provide guidance to the organization and sub-projects to assess their level of performance and
contribution to the overall program success

4.10.7.

Align program metrics with intended benefits and stakeholder expectations

4.10.8.

Establish clear line-of-sight between lower-level program and project metrics and top level program
success metrics

4.10.9.

Develop a snapshot / summary representation of the meaningful metrics (e.g.,, standard deck) to
measure all phases of the project and program and make it available to all

4.10.10. Track reduction of risk and uncertainty throughout program lifecycle as KPI
4.10.11. Track the efficiency and quality of organizational interfaces within the program enterprise with KPIs

5.x – Lean Enablers to Create Pull in the Program
5.1

Pull tasks and outputs based on need, and reject others as waste

5.1.1.

Let information needs pull the necessary work activities.

5.1.2.

Promote the culture in which people pull knowledge as they need it and limit the supply of information
to genuine users only.
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5.1.3.

Train the team to recognize who the internal customer (Receiver) is for every task as well as the
supplier (Giver) to each task - use a SIPOC (supplier, inputs, process, outputs, customer) model to
better understand the value stream.

5.1.4.

Stay connected to the customer during the task execution.

5.1.5.

Promote effective real time direct communication between each Giver and Receiver in the value flow,
based on mutual trust and respect, and ensure both understand their mutual needs and expectations

5.1.6.

Also for non-routine tasks, avoid rework by coordinating task requirements with internal customer.

5.1.7.

When pulling work, use customer stakeholder value to separate value added from waste.

5.2

Establish effective contracting vehicles in the program that support the program in
achieving the planned benefits and create effective pull for value

5.2.1.

Establish common contract structures throughout the program

5.2.2.

Align contracts and incentives throughout the program to fairly share the risk and opportunities
inherent in the probabilistic estimates. Use this to avoid gaming of forecasts and create win-win
situations.
Ensure that contracts support complete and open communication between the program stakeholders

5.2.3.

6.x – Lean Enablers to Pursue Program Perfection
6.1

Make effective use of existing program management and organizational maturity
standards

6.1.1.

Use existing program management standards, guidelines and
models to your program’s best advantage

6.1.2.

Focus on achieving the program benefits when selecting, customizing and implementing program
management standards, guidelines and maturity models

6.1.3.

Integrate implementation process with existing program and business strategy to an overall program
management and organizational maturity standard

6.1.4.

Do not implement any standard purely for achieving any sort of mandated program certification

6.1.5.

Review and use existing Lean-based enterprise and program self-assessment tools to quickly identify
weaknesses, goals and track progress on the process improvement journey

6.2

Pursue Lean for the long term

6.2.1.

Develop an integrated, long-term approach to implement Lean management practices in product
portfolio planning and the entire enterprise.

6.2.2.

Set up a centralized Lean management function that develops a general Lean management process
framework for the enterprise, a central repository of Lean management methods and a Lean business
case that ties Lean practices to achieving the program benefits.

6.2.3.

Set up a Lean management training infrastructure: mid-level and project managers must train and
motivate their teams

6.2.4.

Create incentives within the program and sub-projects that foster the acceptance of Lean practices

6.2.5.

Integrate the Lean activities in program management into your overall change management and
process improvement approach in order to assure sustainability of the improvements, as well as use
synergies with existing process improvement activities

6.2.6.

Start small by selecting the most beneficial Lean Enablers for your program.

6.2.7.

Codify lessons learned and evaluate their effectiveness

6.2.8.

Look for new and innovative ways to work that add value
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6.3

Strive for excellence of program management and systems engineering

6.3.1.

Implement the basics of quality. Do not create, pass on or accept defects

6.3.2.

Follow basic problem solving techniques (e.g., Plan-Do-Check-Act) and adopt a culture of stopping and
permanently fixing problems when they occur

6.3.3.

Promote excellence under "normal" circumstances and reward pro-active management of risks, instead
of rewarding "hero" behavior in crisis situations.

6.3.4.

Use and communicate failures as opportunities for learning emphasizing process and not people
problems.
Treat any imperfection as an opportunity for immediate improvement and lesson to be learned, and
practice frequent reviews of lessons learned.

6.3.5.
6.3.6.

Maintain a consistent disciplined approach to program management and systems engineering,
including agreement on goals, outcomes, processes, communication and standardizing best practice

6.3.7.

Promote the idea that the program should incorporate continuous improvement in the organizational
culture.

6.3.8.

Pursue refinement and excellence only if it creates additional value and benefits. Avoid overproduction
and overprocessing waste. Ensure that the process can be executed "right the first time" from then on.

6.3.9.

Use a balanced matrix/project organizational approach. Avoid extremes, such as isolated functional
organizations and separated all-powerful project organization.

6.4

Use lessons learned to make the next program better than the last

6.4.1.

Create mechanisms to capture, communicate, and apply experience.

6.4.2.

Clearly document context of "best practices" and "key learnings" in lessons learned to allow evaluation
of appropriateness in new programs

6.4.3.

Create a process to regularly review, evaluate and standardize lessons learned and prepare them for
implementation

6.4.4.

Assign responsibility and accountability for reviewing, evaluating, standardizing lessons learned and
implement resulting change

6.4.5.

Insist on standardized root cause identification and process for implementing corrective action, and
related training.

6.4.6.

Identify best practices through benchmarking and professional literature.

6.4.7.

Share metrics of performance of external partners back to them and collaborate with them on
improvements on both sides.

6.5

Use change management effectively to continually and pro-actively align the
program with unexpected changes in the program’s conduct and the environment

6.5.1.

Proactively align the program with changes in the environment to keep focused on achieving program
benefits: Redirect, re-plan or stop individual program components

6.5.2.

Establish a program change management process at the top level that incorporates all relevant
stakeholders and program components

6.6

Proactively manage uncertainty and risk to maximize program benefit

6.6.1.

Focus program risk management on creating and protecting value for the program.

6.6.2.

Create transparency regarding the uncertainties affecting the program. Understand and document the
key risk factors for programs and existing best practices to manage them

6.6.3.

Support all critical decisions in the program with risk management results

6.6.4.

Reduce program-internal uncertainties and other uncertainties that can be influenced to a maximum
degree
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6.6.5.
6.6.6.

Make the program resilient against external uncertainties or other uncertainties that cannot be
influenced
Develop sufficient risk management skills in the program and provide adequate resources

6.6.7.

Tailor the risk management process to the specific program needs and integrate it with the overall
program management process.

6.6.8.

Ensure that risk management activities contribute to continuous improvement of program
management processes and the organization of the program enterprise.

6.6.9.

Regularly monitor and review risks, risk mitigation actions, and the risk management system.

6.6.10.

Pay close attention to the opportunities and capture them along with Risks.

6.7

Strive for perfect communication, coordination and collaboration across people and
processes

6.7.1.

Develop a general program policy / guideline / framework that outlines expectations regarding
communication, coordination and collaboration

6.7.2.

Use concise one-page electronic forms (e.g., Toyota's A3 form) for standardized and efficient
communication, rather than verbose unstructured memos. Keep underlying data as backup in case it is
requested by the receiver.

6.7.3.

Similarly, use concise one-page electronic forms for efficient, real-time reporting of cross-functional
and cross-organizational issues, for prompt resolution.

6.7.4.

Develop a plan that implements the policy and ensures accountability within the entire program team
in communications, coordination and decision making methods at the program beginning.

6.7.5.

Match communication competence of people with their roles when staffing the program

6.7.6.

Publish instructions for e-mail distributions, instant messaging and electronic communications.

6.7.7.

Publish instructions for artifact content and data storage; central capture versus local storage, and for
paper versus electronic, balancing between excessive bureaucracy and the need for traceability.

6.7.8.

Publish a directory and organization chart of the entire program team and provide training to new hires
on how to locate the needed nodes of knowledge.

6.7.9.

Ensure timely and efficient access to centralized data.

6.7.10.

Develop an effective body of knowledge that is easily accessible, historical, searchable, shared by team,
and knowledge management strategy to enable the sharing of data and information within the
enterprise.

6.8

Promote complementary continuous improvement methods to draw best energy
and creativity from all stakeholders

6.8.1.

Utilize and reward bottom - up suggestions for solving employee - level problems.

6.8.2.

Use quick response small teams comprised of program stakeholders for local problems and
development of standards.

6.8.3.

Use formal, large improvement project teams to address program-wide issues.

6.8.4.

Define a process that implements successful local improvements in other relevant parts of the
program.
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B. Interview Questionnaire
Exploratory Interview: Risk Assessment
Who performs the risk assessment?





Team or single person?
External (review) or internal?
People involved or other department?  Knowledge of processes required?
What is the best way in your opinion?

How is the assessment done?







Quantified or qualitative?
o What measures/metrics are used?
Are the following methods used: Interviews, observation, workshops, surveys?
o Who takes part? What are the selection criteria?
What tools are used to perform a risk assessment?
o External product or the company’s own development? How does it work?
What is the scope of the risk assessment? How deep does it go?
o Up/down to which level in the company?
o One department at a time? How is complexity accounted for?
What is the timeframe for risk assessment?
o Performed permanently or at regular intervals?

Personal Experience




Does the tool you use at the moment fulfill your expectations?
o If not, what is missing?
How does the optimal assessment tool work, in your opinion?
o Solely IT based? With human interactions?
Do you use a list of risks you test for?
o How do you assess, if at all, the possible impact of a risk?

More Specific Interview
General Questions



What is your position at the moment?
What type of program do you mostly deal with?

Assessing Relevance of Lean Enablers





How would you define the term risks in the context of a program?
How does your company evaluate and analyze weaknesses and strengths, as well as
challenges and potential problems?
o What do think of a risk-based analysis?
What challenges are most frequent? Do they stem from a common cause? Can they be
attributed to a higher-level group?
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How does one best group risks and uncertainties in categories? How is ensured that
they still cover the whole spectrum? Does your company have a specific guideline for
that?
o Does the list of the top ten challenges (see attachment) include all challenges that
can potentially appear in a program? If not, which ones should be complemented?
How would you plan the handling of these challenges? Are there “patent remedies” for the
mitigation or avoidance of certain risk categories? How is this process handled?
o If one would agree to use the Lean Enablers to mitigate the identified risks, how
would you assign them to each other? What are the most important aspects that
need to be considered?

Identification of the current degree of implementation of Lean Enablers





108

How do you assess the maturity of processes at your company? Do you use CMMI/OPM3 or
a similar concept?
What are, according to your opinion, the best measures to quantify maturity?
How do you keep track of program progress at your company? What metrics are used to
accomplish that?
Could you imagine judging the current degree of implementation based on a CMMI-like scale
with five levels?
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C. Interview Protocols
Interview 1
Date:
Time:
Subject:
Present:

26.4.2013
10.30-11.30 am
Risk Management and Assessment in Contractor Environment
Individual Z, Andri Fritz

General Information



Work breakdown structure of program = work breakdown structure of product plus all
activities
Tools used: DoD requires Earned Value Management System (EVMS), a cost/schedule
performance index. 1 is optimal, deviation = “variance”  represents measure for
performance. Use of “Gold Card” to track measure.

Contracting Environment




Two main parties: Corporate Program Manager and Government Program Manager
o Corporate Program Manager: single point of contact, responsible for contract, uses
EVMS, has / needs business sense
o Government Program Manager: responsible for acquisition; Congress / Politics is
handled by Program Execution Offices, a subordinate.
Probability of Program Success (PoPS): Used by Government Program Manager to track
contractors progress

Suggestions



Defense Acquisition University
Wall Chart: Lifecycle

Interview 2
Date:
Time:
Subject:
Present:

22.5.2013
9.30-11.00
Development of Tools, Survey
Individual Z, Andri Fritz

General Information




SCRUM  Agile Product Development  Software
Tool needs to support decision making adoption
Direct link between research questions and the objectives!

Survey


Tips
o
o
o
o

One question per page
No going back
1 or more questions per point
Inverse scale from time to time to avoid bias
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o Always use same scale
o ONE answer per question
o Likert or differential semantic scale
o ONE project/program  unit of analysis
Literature to back questions (if possible)
Control variables
o No. of employees
o Role of respondent
o Industry sector
40 questions take around 10 minutes  depending on questions

My process




Implementation effort
o Parameters: complexity, size, people involved, time scope
Multicriteria Optimization through Excel Solver?
Portfolio Management Methods?

Interview 3
Date:
Time:
Subject:
Present:






30.5.2013
9.00-9.30
Risk Management at Company Y
Company representative, Andri Fritz

The more best practices implemented, the less risks!
Limit of Authority: technical risk or commercial risk (biggest attention)
o Sign off risk
Domain specific risk catalogue
Lifecycle model: acquisition side starts, then on to project side for execution
Useful: Relative, not absolute importance of risks

Interview 4
Date:
Time:
Subject:
Present:

17.06.2013
17:00
Risk Management at company X
Representatives from company X, Andri Fritz

Who performs the risk assessment?
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Team (consisting of Systems Engineer, Program Manager, Cogn Engineers)
Mostly internal
Involved/other department  Knowledge of processes required?
o No unique knowledge required, except specific tools
o IPT is expect in the tool
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How is the assessment done?










Qualitative
o What measures/metrics?
 Not on project level
Workshops (FAILED due to emphasis on data base)
o Experience of program manager, knowledge management
o PM driven, small groups  costs lower
Tools used?
o Database: XXXX, Program Management is in there, opportunity management as well
o Standard processes which use XXXX
o External product? Not really
Scope/depth?
o Which level in the company?
 RFP (request for proposal) defines scope, Program Manager has Risk
Manager assigned, handled on program level
o Complexity?
 IPT (internal project team) works with program manager, technical risks are
better handled than operational risks
Timeframe?
o Integrated master schedule, defines risk mitigation schedule, program managers
decides on risk assessments

Personal Experience







Does the tool you use at the moment fulfill your expectations?
o No, no specific tool is useful. Cost and schedule increased without value added!
How does the optimal assessment tool work, in your opinion?
o XXXX is only database, LEAT (Lean Engineering Assessment Tool)
o XXXX has risk assessment capabilities
o More interest in portfolio risk management
o Solely IT based? No human interactions?
 Most tools are software
 Human judgement!!
Do you use a list of risks you test for?
o No formal risks, varies according to department
o Mission assurance: peer reviews aka risk assessment
o Earned Value Management System (EVMS): sophisticated, measurement every week
o Holistic risk portfolio to be managed together would be better instead of EVMS,
mission assurance and many other tools
How do you assess, if at all, the possible impact of a risk?
o Cost, schedule, technical (bible), quality
o Recovery time * probability of happening (high, medium, low)
o Doug Hubbard: the failure of risk management

Noteworthy


Lean Enablers can be divided into
o Human: leadership, collaboration  always underestimated
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o Technical: rather well handled
Six domains at our company:
o People, processes, culture, infrastructure, tools, technology
o People should come first!
Real management is not an expense, but an investment
Categorization impedes systems thinking, different perspective needed as well, new source
of risk
Program Managers are under pressure to deliver deliverables (drawing, something
quantifiable)
Customers have a narrow understanding of value
Taking time up front to deal with uncertainty is worth doing!!
Estimate of completion! How much more is it going to cost us? Higher than estimate  risk!!
Risk identification is not liked as it binds money from management reserve
Measurement of performance goes against risk management

Interview 5
Date:
Time:
Subject:
Present:

27.06.2013
09.45 – 10.45 am EDT
Risk Management at company Z
Representatives from company Z, Andri Fritz, Kilian Gersing

General Questions



What is your position at the moment? Project Manger and Head of Department
What type of program do you mostly deal with? Organizational Program

Assessing Relevance of Lean Enablers
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How would you define the term risk in the context of a program?
o Risiko betriebswirtschaftlich: Kosten können nicht eingehalten werden
o Terminrisiken: unvorhergesehene Terminänderung
o Risiko in der Wirkung:
 Zu wenig Kommunikation
 Fachlichen Hebel zu optimistisch eingeschätzt
o theoretisch würde er der allgemeinen Risiko Formulierung zustimmen
How does your company evaluate and analyze weaknesses and strengths, as well as
challenges and potential problems?
o Projektmanagementtools mit denen auf die Terminrisiken eingegangen werden
kann. Sind regelmäßige Rückmeldungen da? Bis hin zur Auditierung
o Programm ist BMW intern; ähnlich wie MS Project aber an BMW angepasst
o What do think of a risk-based analysis?
 gar nichts  Er würde von Risks and Oportunities sprechen
What challenges are most frequent? Do they stem from a common cause? Can they be
attributed to a higher-level group?
o Unterschiedliche Erfolgsfaktoren: muss vom Top-Management gewollt sein,
Reviewtermine nötig, ausreichend gestafft (Personal), ausreichend Finanzierung,
Expertise muss vorhanden sein
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Does the list of the top ten challenges (see attachment) include all challenges that
can potentially appear in a program? If not, which ones should be complemented?
 Ressourcenausstattung und Management Buy-In
How would you plan the handling of these challenges? Are there “patent remedies” for the
mitigation or avoidance of certain risk categories? How is this process handled?
o Vermeidung ist nicht möglich  man würde über die Projektplanungsphase nicht
herauskommen wenn man das Risiko auf null senken würde
o Ziel: Veränderung der Arbeit der Menschen  Verbesserung der Ergebnisse
o

o

How long is the planning phase compared to the whole duration of a program?

 ca. 10%
If one would agree to use the Lean Enablers to mitigate the identified risks, how
would you assign them to each other? What are the most important aspects that
need to be considered?
 90% sind auf gesunden Menschenverstand zurückzuführen
 muss mit den Menschen im Projekt besprochen werden
 Prozess ist iterativ  kurze Planungsphase  handeln

Identification of the current degree of implementation of Lean Enablers








How do you assess the maturity of processes at your company? Do you use CMMI/OPM3
or a similar concept?
o 9 Output-orientierte Prozessgrößen werden wöchentlich gemessen
o allerdings auch Input-orientierte Messgrößen
o regelmäßiger Report an das Top-Management (inkl. Vorstände)
o Umsetzungs-Cockpits: Projektziele werden hier kontrolliert, stimmt 1 zu 1 mit
Projektplan überein
What are, according to your opinion, the best measures to quantify maturity?
o Erfolg des Projekt / des Programms... ???
o subjektive, menschliche Einstellung gegenüber Faktoren sind kaum messbar
How do you keep track of program progress at your company? What metrics are used to
accomplish that?
o Ausgewählte Mitarbeiter werden in Kreisen zusammengezogen und diskutiert, wie
der Reifegrad der Teilprojekte steht
Could you imagine judging the current degree of implementation based on a CMMI-like
scale with five levels?
o wenn über Checkliste: wie viel Aufwand soll für die Konkretisierung der Beurteilung
der Lean Enabler investiert werden?
o Er schaut sich das Assessment-Tool an und gibt Feedback
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Interview 6
Date:
Time:
Subject:
Present:

11.7.13
10.30-11
Risk Management / Risk Areas
Individual with long risk management experience

Risk Areas







Technical
External
Organizational
Management
Enterprise
Based on his experience: Total of 318 risks identified, classified in these areas

Risk Assessment Tools





AIM Strategic Thought
Risk Radar
At Risk
MITRE Corporation

General information






Risk management is process, needs to be done thoroughly and repetitively
Risks are recognized as challenging opportunities
No risk = no reward
Classification depends on program/program
So far no specific collection of general risks available

Interview 7
Date:
Time:
Subject:
Present:

24.7.13
??
Assessment of Change Effort
Program Manager Y, Andri Fritz

General idea




“How many extra people do you need for the year in order to complete the
implementation?”
FTE = full time equivalent, also called head count or expressed in staff years / months
DELTA for effort is creation of new processes and the amount of training you need to do to
show the employees how to do their job differently, but they do their job anyway

Company Y
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Effort in general consists of two variables:
“Manpower” effort (how many competent, full time, 100 % dedicated people how long)
= short (2-3) / medium / long
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Duration
= short (1-2 months) / medium (3-6 months) / long (more than 6 months)

Interview 8
Date:
Time:
Subject:
Present:

08.08.2013
5 pm EDT
Survey Scale / Assessment of Implementation Effort
Individual X, Andri Fritz

General







Feedback to current scale:
o Different approach should be chosen, current measures result in guesses
o Especially hierarchical level. More important would be amount of leadership effort
needed to push through and sustain change.
Alternative:
o Probability of success in initial implementing change
o Probability of success in long-term sustainment of change
o What do you have to change? Culture, processes, requirements, policies, etc.
o Scale: low, medium, high
As a third question: Nature of challenges in terms of implementation
At Company X, Delphi-like approach is used, team does subjective assessment of costs vs.
benefits

Suggestions


Books:
o Doug Hubbard: How to measure anything
o Bart Huthwaite: The Lean Design Solution

Quote



“Purpose of measurement is to reduce uncertainty, but there are more simple ways to
reduce uncertainty!”
Example: In order to decide whether you have to put on a jacket in the morning, the exact
temperature is not required. A rough idea will suffice.
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D. Survey Questions
Welcome
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How this survey works

General Questions – Company
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General Questions – Program
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Assessment of Implementation Effort 1
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Assessment of Implementation Effort 2
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Assessment of Implementation Effort 3
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Assessment of Implementation Effort 4
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Thanks
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E. Screenshots of Prioritization and Customization Tool
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F. Feedback on Tool Pilot Trials
1. INCOSE International Symposium
Is the scale to measure probability of occurrence/impact in case of
occurrence/maturity of Lean Enablers appropriate?










„[…], but having a 50/50 mid-level value assignment available gives survey participant too
much ability to choose the “middle of the road” and not choose an affinity to pro or con.
Suggest 6 (not 5) levels of choice to eliminate the ‘middle of the road’.”
“Good, keep it simple.”
“OK, 10% on ends and 40-60% in middle is good.” (likelihood)
“Yes, many folks know this scale” (maturity)
“Lo-Hi should be consistent between two parts. Would be useful to have column titles always
locked at top of screen.”
“As good as any we can use, but still very arbitrary.”
“The probability/consequence self-assessments are somewhat unclear regarding if the
consequence is with or without mitigation plans in place.”
“Likelihood (not Probability) of occurrence – Looks OK.” & “All such scales should be based
on program. This one looks appropriate.”

Did the list of challenges include all potential problems and risks a program could
face? If not, which were missing?










„Potentially assess the impact of staff turnover (positive impacts from added skills and
removal of ineffective program members as well as negative impacts from destabilizing of
program continuity and learning curve).”
“Not risks, as this is [illegible] process and not product, so example would be a failure as a
risk.”
“Adequate resources (staff/funding) could be included as part of insufficient program
planning. This is often the root cause of program problems as it drives cost and schedule
challenges.”
“Difficult to discriminate between programs and enterprise. Answers very different.”
“Seems good. I am thinking about where to look for answers to the different challenges in an
assessment. Metrics etc. are probably on the management agenda, whereas culture is mostly
experienced by the engineers.”
“Numerous missing. One of the major problems in risk management is the lack of a standard
risk areas to consider set.”

Does the overall process make sense to you and are the results revealing?





“Results seemed consistent with initial impressions about the program assessed. Would be
useful to have a recommended improvements list specific to the program.”
“Makes sense, but results for the complete program from PM down to SE would be
interesting.”
“It makes sense. But it is needed to be validated.”
“Yes, I think you might need different presentations, 3 degree [illegible] might [illegible].”
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“Yes, this process should provide good predictive indicators.”
“Good step in the right direction, needs solid explanation on the limitations of the
approach.”
“Results are revealing in the areas considered. Note not all necessary areas were
considered.”

2. Tests by Companies
Company A
 Does the overall process make sense to you?
o “It does but I struggled with the criteria (see below)”
o “Yes, but I think the explanations could be shorter and more focus on the tool and
outcomes”
 Do you think that the results are valid for and can be applied to your program?
o „Yes“
o „Yes and did.“
 What should be improved for better usability and performance?
o “The ranking criteria for the last section (can't recall name) was difficult to relate to
the challenge. Need to consider developing a new set of criteria”
o “Probably better to do the spreadsheet individually and then discuss collectively.”
 What is the best application example you can think of?
o „Our project management practices“
o “Lean Sigma practices and project management”
Company B
 “[…]the responder liked the tool, and thought that the top 10 made sense”
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G. Evaluation of Lean Enablers across Tests and Validation Runs
Based on the 17 datasets obtained during the testing and validation of the process model and the
tool, a small evaluation can be done to obtain a list of the Lean Enablers most often ranked in the top
ten selections and also to generate a ranking based on average rank in the seventeen examples. The
results are shown below in Figure G–1. It is interesting to note that seven Lean Enablers account for
more of 50% of all the top ten rankings.

Figure G–1: Evaluation of Lean Enabler ranking according to number of rankings and average ranking
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