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This issue of Measurable News marks a transition in the life of our organization in many ways. This 
transition is measured not only in the change in CPM leadership, but also in our approach in adapting to 
the needs of our constituency in the Project and Program Management discipline.

This issue represents the last, fourth issue of the publication 
for this year. The importance of doing this is twofold. First, 
CPM has a contractual obligation to its advertisers and its 
membership to publish its periodical four times in a year. This 
issue ensures the organization meets its commitments. Second, 
without a voice in seeking new and important contributions 
from our membership, and the discipline as a whole that 
contribute to the literature, the relevancy of Measurable News 
and, by extension, CPM is called into question.

I mention this because in 2018 finding contributions to 
the literature turned out to be somewhat challenging. Our 
membership and the larger readership of this publication 
should consider this to be more than problematic, and 
indicative that the organization—and its media—need to 
change with the times. 

This is why in the last issue we announced the transition of 
Measurable News into a twice-yearly professional journal 
with an academic and scholarly focus. This transition will 
begin in 2019 after the publication of this issue. Furthermore, 
the College will be launching a more frequently published 

“Knowledge from the College, the Measurable Newsletter” that 
will be a more immediate forum for the discussion of the latest 
news and trends in our community, and which will leverage a 
number of digital formats in delivering this content.

The need for these changes reflect the challenges that we see 
among other professional organizations: the effects of social 
networking that undermine personal participation and face-
to-face contact, larger economic trends in industry—driven by 
technological change—that emphasize integration of larger 
and more diverse elements of performance data, inherent 
changes in the composition and perspectives of the people 
that make up Project and Program Management Teams, years 
of shrinking travel and personnel development funding, and 
the multiplication of competing information and venues that 
confound the average member of our community, especially 
those professionals just entering this important discipline.

As CPM shifts its emphasis to Integrated Project and Program 
Management (IPPM) it no doubt, from an intellectual 
perspective, will entail an evolution in thinking. The Measurable 
News seeks to be at the forefront of this evolution. 

What this means is that any previous emphasis on any 
particular subdiscipline of IPPM will need to rediscover its 
appropriate level among the other elements that make up the 
program and project management information ecosystem 
through the process of formulating the question of the 

problem to solve, observational or quantitative research, 
hypothesis, measurement, and conclusion. While this sounds 
challenging, it is understood that we are dealing with complex 
social systems which defy testing against an analogue. Thus, at 
the end of the day, the process of challenging old assumptions 
and the debate that will ensue, will lead our community to 
find new ways of looking at things—and provide insight and 
value that would otherwise not been realized. The emphasis 
will be to foster new ideas and debate through civil discourse 
and empiricism. Our intent is to make it stimulating and 
valuable to anyone who works in the acquisition and program 
management community.

Organizations such as CPM are as vulnerable as they are 
essential. Once an ecosystem is lost it is very hard to regain 
it. The roots of this organization began as serving the 
needs of those engaged in the field of program and project 
management in the public interest. These needs include 
sharing expertise, teaching necessary skills, the prosaic critical 
skills of learning what works and what does not, exploring 
new and better ways of doing business in our area of expertise, 
government transparency and outreach, and finding fellowship 
among those with similar issues and challenges.

With the introduction of the Web, Big Data, and social 
networking, we are constantly bombarded with all types 
of information—some of it contradictory and almost all of 
it unfiltered. It has created the paradoxical condition of 
expanding one’s universe while atomizing our support systems. 
Management advice and raw data without a gatekeeper is 
equivalent to diet and self-help literature. We apply it at great 
risk given the people, resources, and importance of the work in 
which we are engaged. CPM is that necessary safe haven that 
encourages ideas, but also separates the wheat from the chaff. 
It is that necessary social support system that is sorely needed 
in our community.

At the very basic level, this is a human enterprise that 
constantly requires care and feeding. So, I encourage you to 
contribute new insights into what you have learned to either 
this publication or the newsletter, to attend the local chapter 
meetings, to speak at or just attend the workshops, and to 
reach out to others in your place of work to encourage them 
to join and participate. Only with a diverse membership can 
this organization remain both relevant and valuable to the 
program and project management community at large. 

LETTER FROM THE EDITOR
Nicholas Pisano
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This message marks the end of my three-year tenure as President of the 
CPM Board – a time of change in our profession and our association. 
Beginning January 1, 2019, Gordon Kranz will assume the role, joined by 
new board members Tim Fritz (VP, Communications) and Mike Bensussen 
(VP, Administration). Welcome aboard! I will continue on the board as 
Immediate Past President.  We bid farewell with thanks for their dedicated 
service to outgoing Past President Gary Troop and VP Administration 
Lauren Bone. After Tim was elected, the board appointed him to finish Lisa 
Mathew’s term following her resignation due to a job change.

The outgoing board leaves CPM in good shape, poised to build on our successful education 
programs and find new ways to serve our members. Gordon brings a vision of integrated 
performance management founded on EVM principles and incorporating other program 
performance metrics – an initiative consistent with our Integrated Program Performance 
Management certification.

This year’s Integrated Program Management Workshop was held at George Washington 
University in Washington, DC. The venue was a departure from the typical hotel/conference 
center, offering direct contact with faculty and students who participated enthusiastically 
in our program. The university setting, however, posed logistical challenges and attendance 
limitations and was inconvenient for attendees whose hotels were not nearby. We’ll return to 
a commercial venue next year.

While not optimum for our major workshops, the university model is attractive on a smaller 
scale. Our chapters are located near universities and one – Tennessee Valley in Huntsville, 
Alabama – enjoys a working relationship with Defense Acquisition University. Our first 
international chapter, in Colombia, is based at the University of the Andes in Bogota. The 
Washington, DC chapter manages a track at the annual University of Maryland project 
management symposium and the emerging Southern California chapter is developing 
relationships with academic institutions in the San Diego area.

This approach, combining attractive campus meeting venues and student populations, is 
a promising way to increase our membership and to engage students. Chapters might, for 
example, provide lecturers for management and engineering disciplines, sponsor/facilitate 
research and intern programs, mentor students, and help faculty incorporate performance 
management subjects in their curricula. Chapters are also our “bench” for CPM leadership 
positions.

I have been privileged to serve twice as CPM president. Thank you for your confidence and 
for your continued support. Our member volunteers are the heart of CPM!

Wayne Abba

MESSAGE FROM THE PRESIDENT
Wayne Abba



  

 

 

 
Since 1978, Humphreys & Associates, Inc. has passionately advocated and promoted 
the integration of technical, schedule, and cost components to achieve the full benefit of 
using a performance measurement system to enhance management visibility and 
control. We have a long tradition of leadership in the industry and creativity seeking a 
balance of proven and innovative EVMS processes to apply to project management 
challenges. 

H&A is unique in the common sense approach we bring to organizing, planning, and 
controlling projects. We use proven methods and techniques that have been honed over 
decades of hands-on experience to achieve the most appropriate, timely, and cost 
effective results. Our solutions are always compliant with the ANSI-748 Standard for 
Earned Value Management Systems. We are the “911” of EVMS because government 
and industry both call us when they absolutely and positively must resolve an issue with 
an EVMS. 

Humphreys & Associates offers a 
complete range of EVMS 
consulting services for the 
entire project life cycle. 
From proposal 
preparation and 
management system 
gap analysis to mock 
compliance reviews 
or contractor self-
surveillance and 
third party 
validations, H&A 
is the authority in 
EVMS. 

Because of our 
unparalleled breadth of 
knowledge and hands-on 
experience, H&A is the industry 
recognized leader in EVMS training
and hands-on mentoring for project 
managers and control account managers.

Interested in learning more? 

Visit our website at www.humphreys-assoc.com or call us today at (714)685-1730
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ABSTRACT Earned value management (EVM) enables informed decision-making.  It 
requires an understanding of the political agendas and psychology of key 
stakeholders.  Charlie Munger, the long-term Vice Chairman of Berkshire 
Hathaway and partner of Warren Buffet, offers project managers a 
valuable list of conceptual errors to avoid in his “The Psychology of Human 
Misjudgment.”  In this brief article, Humphrey & Associates, an EVM 
consulting and training firm, uses Munger’s list to highlight common pitfalls 
(and one useful trait) encountered on EVM implementations.

In its purest form, earned value management (EVM) enables informed decision-making, as 
practitioners develop time-phased plans to measure the progress of a project. Data allows 
professionals to locate the cause of delays or cost overruns. EVM, however, is much more than 
a science. It requires an understanding of the political agendas and psychology of the client.  

Charlie Munger, the long-term Vice Chairman of Berkshire Hathaway and partner of Warren 
Buffet, offers project managers a valuable list of conceptual errors to avoid.1  His Poor 
Charlie’s Almanack: The Wit and Wisdom of Charles T. Munger includes a chapter examining 
what he calls “The Psychology of Human Misjudgment.”2   Munger describes a series of 
tendencies that highlight common pitfalls (and one useful trait) encountered by EVM 
practitioners. 

1. Reward and Punishment Super-Response.  People move toward what is incentivized; 
they seek the reward.  According to Munger, the tendency to move toward a reward can 
become too strong, and it can distort the information.  He reminds us to “fear professional 
advice when it is especially good for the advisor.” Your EVM decision-making process 
should include “clearing the minefield” early in the process to make sure you have the right 
incentives.  For example, a long-term program is undermined by incentives that encourage a 
focus on short-term profits.

2. Deprival Super-Reaction. This is the tendency to feel more pain from a loss than to 
feel pleasure from an equal gain.  How counterproductive is the tendency to avoid risk in 
carefully-considered decision-making? Without risk, there is no opportunity.  We all fight an 
innate bias against taking a risk or accepting a loss. The idea can be seen in the commonly 
observed action of throwing good money after bad. Think about the situation where 
someone says, “I will not be denied, no matter the cost.” Even if the data shows a project is 
behind schedule or over-budget, corrective action is not taken. You probably do not want 
that kind of rigid thinking involved in your decision making.  

Consider a situation where the wrong incentives and a refusal to accept defeat both align 
against one of the options being considered in the EVM process. Would that option stand a 
chance?

3. Liking/Loving. The foundational notion that people seek affection and approval is familiar 
to us all. This tendency can be a problem when it gets in the way of rational thinking. For 
example, will people on your team ignore the faults of people they like? How can we fairly 
evaluate our friends? What about when EVM practitioners favor the products, actions, or 
ideas of those analysts they like? People may not even consciously understand the underlying 
bias, so we need to find ways to circumvent this tendency when making a decision.

ON THE PSYCHOLOGY OF HUMAN MISJUDGMENT: 
CHARLIE MUNGER ON DECISION-MAKING
By Paul Bolinger with Steven Phillips

 
1) Charlie T. Munger was born in 
Omaha, Nebraska, in 1924. After 
serving with the Army Air Corps 
in World War II, Munger earned 
a law degree at Harvard, then 
became a successful investor. He 
went into business with Warren 
Buffet in 1978.  Besides his 
business success and personal 
friendship with Buffet, Munger 
became famous for his straight-
forward advice to investors.  On 
his connection to Buffet, see 
Catherine Clifford, CNBC interview, 
“Warren Buffett Remembers First 
Meeting. Charlie Munger: ‘We 
were sort of made for each other,’” 
February 26, 2018,  https://www.
cnbc.com/2018/02/26/berkshire-
hathaways-warren-buffett-
remembers-meeting-charlie-
munger.html.    
2) Charlie Munger, “The Psychology 
of Human Misjudgment,” in Charlie 
Munger, Poor Charlie’s Almanack: 
The Wit and Wisdom of Charles 
T. Munger (Walsworth Publishing, 
2005).  This essay was a revised 
version of a speech Munger gave at 
Harvard in 1995.
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3) Wikipedia, “Ben Franklin effect,” 
last modified on November 23, 
2018, https://en.wikipedia.org/
wiki/Ben_Franklin_effect.

4. Disliking/Hating.  This can motivate people to ignore or devalue the work, opinions, 
or ideas of those they dislike. This tendency can be strong enough to distort facts or 
judgments. Perhaps you have worked with someone about whom that you have strong 
negative feelings about. Can you remember that, and remain aware that you have that bias 
operating in a decision-making environment?  We need to make a neutral playing field in 
order to get fair EVM analysis for decision-making.  

5. Doubt-Avoidance.  That is our tendency to fear doubt and our penchant for seeking 
certainty. This can be a powerful motivator to reach a quick decision, perhaps before all the 

“homework” of gathering information has been accomplished. It is human nature to desire 
certainly but we can understand that hasty decisions may not be the best. Unfortunately, 
this tendency becomes stronger when we are under pressure to deliver an EVM status 
report, as managers are tempted to take liberties with the data in order to meet a reporting 
deadline. Our challenge is to not let this tendency dictate our decision-making process.

The Wisdom of Benjamin Franklin. Benjamin Franklin understood psychology! Very 
recently a representative from a company called us at Humphreys & Associates and asked 
for perspectives on the future of the performance management field. We are in the same 
industry and compete sometimes, so it seemed odd that this was happening. Along with the 
request for a favor came an offer; an offer to attend a session with others of their clients and 
associates on the future of the industry during which we would be given the chance to make 
even more valuable inputs. What was going on? I think it was application of the Ben Franklin 
effect. Simply stated in Franklin’s own words about a situation when he had to work with an 
opposition figure. “Having heard that he had in his library a certain very scarce and curious 
book, I wrote a note to him, expressing my desire of perusing that book, and requesting 
he would do me the favour of lending it to me for a few days. He sent it immediately, and 
I return'd it in about a week with another note, expressing strongly my sense of the favour. 
When we next met in the House, he spoke to me (which he had never done before), and with 
great civility; and he ever after manifested a readiness to serve me on all occasions, so that 
we became great friends, and our friendship continued to his death.” 3  In this story notice 
the use of the words “serve me.” Just asking for and receiving the smallest favor from the 
man changed the man’s attitude toward Franklin. 

Asking a favor of someone with whom we are “on-the-outs” can signal that we consider 
them to have or to know something valuable.  If they respond positively and give us 
something as slight as their time and attention, we stand a chance of enhancing their 
opinion of us; our effort to manipulate their opinion could work. Their opinion of us could 
be enhanced because they then cannot see us as someone simultaneously unworthy and 
worthy.  Each party is forced to recognize the value of the other.  

6. Reciprocation.  The tendency to reciprocate favors (or slights) and can be a strong 
subconscious motivator. If the person being manipulated by Franklin, and he considered it 
manipulation, had thought, “There’s that wily Ben again trying to win me over by asking me 
for help,” the ploy would not have worked. It must be subconsciously received. This is why 
contractors cannot buy civil servants lunch or give them gifts. 
How does this play into EVM decision-making? You need to be aware of the personal 
dynamics of any situation and to watch out for the subtle ways that others might influence 
a decision. You need to be especially watchful if the person doing the maneuvering if you 
believe he or she may not have the best interests of the project at heart. 

7. Excessive Self-Regard.  We have all known someone who has a very highly-inflated 
opinion of himself or herself. This person can, and often does, overestimate his/her own 
knowledge, competence, and capability. These people choose to associate with people 
like themselves, and they definitely are partial to their own ideas and conclusions. They are 
dangerous in decision making because they may not be motivated by facts; they may be 
on that personal voyage known as the ego trip.  EVM practitioners must understand the 
personalities of those on their project who might manipulate data in their favor.

8. Over-Optimism.  This is the human tendency to err on the side of optimism. This is a form 
of selection bias.  There are many opportunities for optimism to damage a project. Quickly 
committing to the impossible could mean eventual failure.  An overly aggressive schedule 
or budget will gain praise in the short-term but will prove impossible to meet.  The EVM 
decision-making process should force all stakeholders to consider independent evaluations 
of their work. Also, a decision-making process can be badly damaged by the influence of 
a stakeholder who combines over-optimism and excess self-regard. Using subject matter 
expert and analytics independent of the project can help bring reality into the process. 
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9. Kantian Fairness. People tend to give and expect fair treatment. It is something innate 
and reinforced with something learned. An example would be the way people line up to 
wait and the way they expect others to obey the unwritten rules of waiting in line. Applying 
this tendency to decision-making, people expect the decision process to be fair.  Being 
unaware of perceptions of unfairness can be dangerous to the decision-making process as 
disgruntled stakeholders may hesitate to contribute or even undermine your efforts. 

10. Influence from Mere Association.  Munger points out that if something good happened 
to us in the past, we will be influenced by things associated with that good event or 
outcome. Something associated with a known good thing is not weighed and measured 
by the same standards as something that is “stand-alone,” or unassociated with past 
experiences. But the good things we remember were not always key to past successes. If we 
assume or just “know” something about a previous EVM effort based on company lore, we 
stand on dangerous ground. We would need to investigate the cause and effect chain for 
the good outcome to be confident we are dealing with a positive associated influence. The 
best we can do is be skeptical and challenge things that are presented as associated with 
previous good outcomes.  In God we trust; all others bring data!

11. Social Proof.  You might know it by the name “groupthink” or “the herd instinct.” We 
need to understand that people tend to act and think as the others around them act and 
think. This tendency can become an issue in a team or group charged with deciding a 
crucial issue, such as variance reporting. Will individual members have the strength for 
independent thought and action or will many of them “go along to get along”? The instinct 
can be much worse if the situation is a high stress one. The herd must react quickly to stress.  
The movement of the first spooked members could lead to a stampede.  Deciders must be 
coached to avoid being a blind follower and to value independent thought and action. If 
necessary, the process might have to require mixing the attendance or substituting more 
independent-minded people.

12. Contrast Mis-Reaction.  This can be seen as the reaction toward what is perceived as 
the lesser of two evils. A good decision-making process does not make false contrasts—
the dreaded false dichotomy. We have all been taught that it is good to compare and 
contrast choices; but that is only useful when enough truth is known about the choices. A 
manipulative manager might use this tendency for mis-reaction by explaining that there are 
two outcomes. The first is Outcome A, which is described by the manager in such terms as 
to leave no doubt that this is a terrible choice. The second one is Outcome B, which is also 
not good, but appears to be so much better than A.  In this way, the unknowing members of 
the team see the obvious contrast and are drawn to the outcome favored by the manager.  
To them, the whole process appears above-board. Such an either-or approach precludes 
consideration of alternatives. 

Based on these tendencies, is there a possibility that people in your decision-making 
processes are being manipulated? Have you ever been manipulated and known it? Have you 
ever been manipulated but didn’t know it? Of course, that question can only be answered by 
thinking back now. 

13. Curiosity.  Munger is not all negative. He points to one beneficial tendency of human 
nature, curiosity. It is our nature to be curious and that curiosity has brought humankind 
from the cave dwellers to the high-rise dwellers. If we can harness that tendency in our 
decision-making process, maybe it will help counter some of the negative and damaging 
tendencies. Maybe our curiosity will lead us to getting the facts before we decide 
emotionally.

Let’s postulate a situation where the authority to make a crucial decision is assigned, in a 
high stress situation, to a weak “groupthink team” with a strong leader who has a bloated 
opinion of himself. The team has been shown some very limited choices, some of which have 
been described as distasteful ones. The leader is in denial and trying to avoid loss. He or 
she wants to force a quick decision. How do you rate the chances of this scenario yielding a 
decision that will facilitate the long-term success of the project?  

There is much more to learn from the thinking of Charlie Munger and others who deal with 
EVM decision-making in the context of human psychology. Humans are fraught with innate 
tendencies that, if not blocked, can lead us to make a misjudgment. In the Humphreys & 
Associates seminar on decision-making, the goal is to develop a “decision-making manifesto” 
that outlines how your company or department can establish a process that deals with the 
tendencies toward misjudgment and leads to better decisions.
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ABSTRACT 

ARTIFICIAL NEURAL NETWORKS, DOVETAILING 
GOALS, AND RAPID SKILL ACQUISITION: WHY 
SHARING YOUR EXPERIENCE HELPS US ALL
(OR–THREE THINGS I REALIZED WHILE BEING HELD IN 
AN ITALIAN POLICE STATION)
By Nathan Eskue

In this article, Nathan uses key research/examples spanning several 
centuries to show how sharing our experience can benefit everyone—
including ourselves—more than keeping it private.  He summarizes the 
three key skills that were shared with him. Each of which was completely 
life altering—catalysts for an adventure-filled and successful career, the 
obliteration of limits, and the deep desire to pass it forward. 

I take in the scene around me, trying to absorb what I can with each of my senses. It smells 
of paper, dust, sweat (it’s July, and the forecast is hot, humid, with zero percent chance 
of effective AC), and if I’m not mistaken, latent fear. The metal chair I’m in feels warm and 
clammy; designed, it seems, to be uninviting. I hear the loud clacking of old keyboard keys, 
the wailing cry of a woman somewhere out in the hallway, and the sound of traffic out the 
window and two floors down. I taste dehydration—I am exhausted, dirty, and pale, but have 
not been offered anything to drink. I see a desk in front of me, utilitarian when it was at its 
best, now worn and disgruntled at being in use decades longer than intended; a calendar on 
the wall apparently sponsored by a tow truck company; and prominent in my view, the two 
police officers, trying to bridge the language barrier by typing into Google Translate in real 
time. 

I’m in an Italian police station, am a (hopefully) temporary guest, and am trying to keep up 
with the conversation. I realize that I may be in trouble as one of the officers speaks very 
rough English after typing into the translator, clearly not understanding the words they pick 
off the screen. Unfortunately, Google isn’t at its best today, and what I think they are trying 
to say—indeed, what I hope they are trying to say, is “What crime was committed against 
you?” (Quale crimine è stato commesso contro di te?). What the officer says, however, is 

“What crime was committed by you?” Commence sweating in 3, 2, 1... As I struggle to find a 
way to defuse this situation, I can’t help but wonder what led me to this moment in time and 
in particular, to the hot seat I am in. I realize to my surprise that it is--at least somewhat--
EVM World 2018. Perhaps it is best if I back up just a bit…

Reflection 1: Sharing your experience will focus your research/experimentation, and can 
provide strong motivation to complete your milestones on schedule.

I’ve been speaking at conferences for the last four years, and have come to truly love sharing 
research and the resulting insights I’ve had; equally so, I’ve enjoyed hearing all the new 
ideas, thoughts or suggestions I’ve never considered, and a realization of shared workplace 
struggles by the other presenters. To me it feels somewhat like the Olympics might—
different groups who may be allies, may be in conflict or in competition, set aside whatever 
else is happening and for a short time come together in a peaceful and productive way 
to show the fruits of their labors. In this case however, the goal isn’t friendly competition 
but rather to be on the same team, even if for a few days. There aren’t proprietary secrets 
shared, there aren’t nefarious questions being asked. Just a realization that we are all 
working to solve the same problem—namely, how do you build X for your customer in a way 
that optimizes scope, schedule, and cost? This equalizer of a problem allows shipbuilders 
and software designers to speak the same language, share meaningful insights, and build 
a network of colleagues that work to build each other up. I’ve dedicated my research to 
three key areas in order to make my own attempt at “solving” the ever-present program 
management puzzle: Rapid Skill Acquisition (RSA), Artificial Neural Networks (ANN), 
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and what I call the Dovetail Principle--my own delve into doing more with less. The 
interesting side effect in planning to share your work is that the conference deadline and its 
accountability generate a sense of urgency, a reason to not let this “not part of my day job” 
extra work slip out of the must-do list each day, and a burst of excitement at sharing ideas 
that may help someone else. In other words, what would very likely stay on the “someday” 
list actually gets done.

For instance, my research and experience with RSA has been largely driven by preparing 
results for both conferences and college courses. I live a charmed life in that I have two 
parallel careers I love: working in the aerospace industry helping to manage large, complex 
programs; and teaching undergrad/grad students at a niche school called the University 
of Advancing Technology, using courses I’ve built from scratch that focus on traditional 
areas such as business, robotics, and math, but also decidedly non-traditional areas. My 
favorite course subjects are how to think, how to rapid prototype, how to create actionable 
intelligence by analyzing very messy data, and with RSA—how to learn almost any skill in 
around 20 hours.

Experience Sharing 1: Rapid Skill Acquisition (RSA)

RSA has taken many forms under many names, but the best methodology I’ve found is that 
laid out in the book The First 20 Hours by Josh Kaufman. There are few times a single book 
has changed the direction of my life, and this was one of them. The premise is simply that 
even though the “10,000 hour” rule developed by Malcom Gladwell (one cannot become 
an expert in a cognitively complex field until they put in at least 10,000 hours) seems to 
hold, the difference between “expert” and “pretty good” makes all the difference. Kaufman 
proposes a hack of sorts: thanks to the exponential nature of the learning curve, with proper 
planning and focused practice, a person can go from zero to “pretty good” at most skills in 
about 20 hours. Some of the key pillars of this methodology are:

1. Choose a skill you are passionate about learning. When you add practicing a new 
skill to your schedule, life conspires against you—best to have a strong passion 
when the going gets tough.

2. Set a clear and objective performance goal. For example, instead of “I want to 
play the guitar”, use an objective goal such as “I want to play a full song with few 
mistakes in front of a group of friends”. This prevents many self-attempts to cheat, 
and also focuses the specific skills you need.

3. Break down the skill (e.g., playing the guitar) into micro-skills (e.g., tuning, 
strumming, single note strikes, basic chord positioning, etc.). This is itself a skill 
that takes time and practice to learn, but can shortcut learning considerably. If 
you break any skill into micro-skills, you probably already know how to do some 
of those micro-skills through other experience you already have. For example, 

“sprinting” is a micro-skill that is part of many sports—you don’t need to re-learn it 
when you decide to play a new sport.

4. Learn just enough to identify your goal, identify the key micro-skills needed to 
meet the goal, remove barriers to practice, find a method for rapid feedback, and 
that’s it. Don’t let analysis paralysis take hold, and don’t fool yourself into thinking 
you can read your way into a skill.

5. Practice for 20 hours—around 45-60 continuous minutes a day. This allows 
repetition, but also the very important sleep cycle that locks in what we’ve learned 
each day.

And that’s basically the formula that can change your life. Incredibly simple and easy to 
remember; eye opening in that a great many micro-skills are transferrable (and the more 
skills you learn, the more micro-skills you possess to learn even MORE skills); and still, at the 
end of the day, hard work—but effective, rewarding work.

When applied to the industry of program management, it’s interesting that many key skills 
one could learn do not have an abundance of training materials available online; at least not 
many sources of free, effective, and easy to digest material. Instead, a key part of learning 
new project management related skills is to learn from each other; to share our successes 
and failures; and to suggest new and innovative ways to approach the ever-present 
problems that we as project managers face.

Back to the police station… The reason that my being here stems back to EVM World 2018 
is because I was selected to present my research on RSA development. As a result, I had 
selected several skills I wanted to acquire during 2018 and documented the process in 
order to have specific and recent examples of my own RSA journey when I presented at 
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the conference. My family had planned a vacation to Italy, and I very much wanted to learn 
the basics of the language.  Because of this, I became (I found out once we arrived) the 
designated tour guide and translator for the trip. And when it came time to tell the police 
officers why we were in their station, I was the natural, and—due to their not understanding 
English—the only choice.

So, when the officer asks me in broken English, reading from their screen, “What crime was 
committed by you?”, I panic—but only for a moment. Fortunately, I have learned enough 
Italian in the last several months to understand what is actually being said. I answer in Italian, 
causing both officers to raise their eyebrows as I suggest that Google dropped an extremely 
important “contro” in the translation, and I would like to stress that I am the victim and not 
the perpetrator. 

They nod, smile in appreciation at my broken but understandable words, and what was 
moments ago an interrogation is now an interview. I explain that one of our two cars 
had been broken into, that all our possessions have been stolen, and that it all happened 
when we parked on a very busy street, in broad daylight, leaving the car for less than ten 
minutes. They nod, sympathetic, and because I am working hard to explain this in Italian (it’s 
stretching the RSA goal I had set of being able to have a basic Italian-only conversation), I 
am sure that they are giving me extra assistance. Our friends’ passports were stolen, and 
they helped walk us through the process of getting to the embassy to replace them. They 
searched for about 15 minutes to find the best rental car location. And they spent time 
making sure that we had what we needed to continue our journey. They didn’t have to do 
this; in fact, I got the impression that they didn’t normally do this. But their kindness and 
extra effort to be a helping hand and fellow human above all else went a long way to not 
only calming our frayed post break-in nerves, but to feeling the overwhelming need to pay it 
forward the rest of the trip, looking for ways we could help those around us.

Reflection 2: In an age where we can be endless consumers of free information, when 
the world often consists of judging the quality of information based on many strangers’ 
compiled ratings, there is still nothing close to replacing the value gained by conversing 
face-to-face. 

The role of the Internet in our lives cannot be overstated. Having ready access to vast 
amounts of information can speed innovation, discovery, and improvement. However, one 
key trait the Internet does not have is the ability to quickly and easily discuss an idea in real 
time, without the restrictions of data input/output, with fellow practitioners and experts 
in the field. This reflection is thought to be responsible—at least in part—for the surge of 
innovations that helped usher the Renaissance, the Industrial Age, and even the American 
Revolution. 

In fact, coffee shops of 17th and 18th century London were called “Penny Universities”, 
because for the price of a penny, one could enter a coffee shop and spend the day 
discussing news, politics, business, innovation, art—all the key elements of cross-pollination 
growth. (As a side note, this growth in the spurring of new thought is also because these 
shops sold caffeinated drinks vs. the often only other sterile form of hydration—beer.). 

I am convinced that this type of idea sharing continues to spur new growth and ideas, 
especially in our industry. We are living in a world where information, education, and a 
platform to share ideas is more and more accessible and even expected to be free. But the 
best way to share ideas continues to be face-to-face, during a conference presentation, and 
perhaps just as effectively, during the lunches and breaks after the presentation, where 
thoughts are energetically shared and new innovations born. One such idea was born a few 
years back, when I was in a hotel lobby coffee shop with a few other conference attendees, 
sufficiently caffeinated and discussing how some people can accomplish so much with the 
same 24 hours as the rest of us. As we came up with more examples and shared our own 
successes and failures, I decided that this problem needed to be solved in a structured, 
repeatable way. I’ve been researching and experimenting consistently since that discussion, 
and what I’ve found has been fascinating. I shared my findings along with my work on RSA 
this May, and will continue to hone and simplify the process until it can be used by anyone to 

“dovetail” their efforts and create a more effective result.
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Experience Sharing 2: The Dovetail Principle

The Dovetail Principle can best be explained through the analogy of spinning plates. For 
those unfamiliar with the concept, I’ve included a brief history in the references section 
below.  

Imagine your life is made up of a stage, those key activities in your life are each a tall stick 
and plate, and the performer exerts the effort you put into each of those activities. What 
happens? If you focus time and effort on a task, it is like spinning a plate. This is great 
because the momentum created will keep the plate upright for a bit. However, before long 
you’ll need to give it another spin. Also, each time you spin a given plate, you are choosing 
NOT to spin every other plate in your life. This results in a limited amount of activities you 
can focus on in life without one or all of them crashing due to a lack of attention, and if you 
try to set up one too many plates, the whole mess can end in disaster. Sound familiar?

But what if I were to stack the plates? What if I had a smaller number of sticks, but four or 
five plates stacked on each stick? It might take a little more effort to spin the stick, but the 
effect of my effort would be multiplied. Also, my “switching cost” of that non-value-added 
movement going from one stick to the next is minimized. I would clearly want to do this—
but how do I relate this metaphor to my life? The answer is, you relate it in three steps.

1. First decide what plates you want to spin—i.e., what are your goals in life? Start 
with the big ones, and work your way to the small ones.

2. Next, decide what skills (And how do we learn new skills quickly? Through RSA, of 
course!) it will take to accomplish each goal. Make sure that part of your efforts 
each day are working on learning this list of skills (one at a time ideally), and look 
at each to see what transferable micro-skills you already have.

3. Third, understand that your life becomes a sort of optimization problem. Essentially, 
your day is made up of a large list of things that need to get done, not enough 
time to do them all, and hopefully a process in which to prioritize them. If you 
look at all your potential tasks to work, align each to see how many goals you can 

“touch” by working the task, prioritize by the total importance of the touched goals, 
and factor in the length of time since the last time you’ve spun each goal’s plate 
(don’t want any of them crashing due to inattention).  This task is actually simpler 
than it sounds, and with practice you find yourself cross-pollinating your life by 
squeezing as much value out of each task you perform by seeing how it might help 
you to meet as many of your goals as possible. The more goals you can effectively 
move forward by executing a single task, the more you are utilizing the Dovetail 
Principle.

A quick example of this is my choosing to learn Italian for this trip. When I considered taking 
on the skill, I was realistic in thinking I would likely give up before making true progress, as 
the fires of day-to-day life seem more critical than a far-off goal—especially a goal that is 
optional. To be sure I stuck with it—and I was fine with the struggle of learning itself, but 
knew I’d be tempted to allow other tasks to become priorities—I used the Dovetail Principle. 

I examined how not just the skill itself, but learning the skill would impact my goals. I found 
a number of goals (my plates) that would be spun by my taking on this task: the skill would 
help wanting to retire abroad, wanting to learn about as many cultures as possible, show 
my children that the world is so much bigger than our slice of suburbia; the learning of 
the skill would serve as an example for my RSA course, my Thinking Strategies course, my 
presentation at EVM World 2018, several other conferences I would be presenting my RSA/
Dovetail research, and an example to my children who I’ve been slowly easing into RSA. One 
spinning effort = 9-10 plates that benefit. By setting up the skill this way, I had no choice but 
to make it happen because too many important goals were depending on it, so it made its 
way onto my top 5 to-do list nearly every day. Dovetail Principle in action—aligning many 
goals with a given task eliminates the need for superhuman willpower.

Back once more to the police station. We left the building with uplifted spirits and renewed 
hope in mankind. Even after the local branch of the rental car company refused to exchange 
cars, and we were about 950 miles from our original location, we kept our spirits high (I 
can’t disclose which car rental company it was, but I can tell you their name might just 
rhyme with “irrational”…). In fact, I was able to take an inventory of transferrable skills and 
use them to construct what is arguably an excellent temporary window. Made of trash bags, 
cardboard, and packing tape (literally all we could find at several nearby shops), the window 
held up to another 1,500 miles of high speed driving, heavy rain, island living for a week, and 
more. I’m convinced that when we finally returned the car, the company had to replace the 
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entire door because they couldn’t remove our very securely installed window. I felt zero pity. 
If they had only worked with us, only looked at the bigger picture, I think we would have all 
been better off. And looking back at it now, I realize that some of the greatest strides we are 
witnessing today are in those industries willing to overlook at least a certain amount of near-
term advantage. Instead, they share what they have, get inspiration from others, and create 
different hybrid innovations without the concern of hiding behind intellectual property and 
without the fear of overstepping those same legal bounds. In those industries the intellectual 
property still exists in many forms to ensure companies can stay competitive, but they are 
open to sharing key thoughts, ideas, research, innovation—knowing that the benefits gained 
will outweigh the cost and risk.

Reflection 3: Instead of closely guarding our progress from each other, a group that creates 
an open environment of idea sharing will spur new growth for each member, can spawn 
new ideas that would not have been developed by any member working alone, and can 
significantly increase the ability of every group member to better achieve their goals.

Benjamin Franklin was wholeheartedly against patents. Though I understand their utility, 
and certainly respect the intellectual property of my own company as well as others, I can 
also understand the problem that Franklin was aiming to solve. In his biography, he states 
that “As we enjoy great advantages from the inventions of others, we should be glad of 
an opportunity to serve others by any invention of ours; and this we should do freely and 
generously.”

Ben was no slouch when it came to inventions, as he was credited with a laundry list of 
breakthroughs from bifocals to street lighting to swim fins (to clarify, these were separate 
products—not a great idea to use them together). However, he was convinced that by 
sharing our ideas with others, we can create literal synergy—where the combined effect 
is greater than the sum of the parts. Indeed, he wrote about one of his inventions in this 
context. 

He had taken the wood stove and made significant, demonstrable improvements to the 
design. His friends suggested he patent the design and become rich through licensing. 
Indeed, he could have certainly done this and would have been applauded for his 
accomplishments. However, he instead worked hard to convince through evidence that the 
design was superior; having done that, he made sure to document how to manufacture the 
stove so that as many homes as possible could benefit from the gained efficiency. More 
homes had to chop less wood to keep warm, which is great. In fact, I’m sure that in at least 
one case a life was saved as a result. However, what stemmed from his decision were the 
numerous innovations and improvements made from Franklin’s design, and done so with the 
assurance that there would not be the profit-killing legal repercussions. 

We’ve actually seen this situation repeated when Tesla made enormous strides in battery 
technology. Instead of cornering the market, they released the rights of use to their direct 
competitors because they felt the end goal—a cleaner earth with cleaner cars—was more 
important than the obvious competitive advantage they had developed. In this modern 
example, Tesla actually did patent the design. However, they released a statement pledging 
to not pursue infringement but needed to patent in order to prevent a patent troll from 
suing after patenting the technology themselves (such is the nastier side of modern IP).

An area I’ve been researching and pushing into has made improvements in the last 10 years 
that defy the imagination. A big reason for this is the very open nature of its growth during 
that time: from the access to multiple types of free, open source software such as R and 
Python; to the key (and openly shared) math breakthroughs from 2008-2012 that make it 
work today; to the endless examples and applications freely shared to ensure that others are 
able to stand on the shoulders of giants. The area is artificial intelligence, and in particular, 
the study and use of an artificial neural network (ANN). 

Experience Sharing 3: Artificial Neural Networks

The purpose of an ANN is to find relationships and causality within vast amounts of data. 
When your computer automatically tags photos with people’s names or descriptions, this 
is an ANN. When you talk to SIRI, you’re talking to an ANN. And when Amazon delivers a 
package that you don’t actually recall ordering, but can’t complete because it’s exactly what 
you needed (I swear this has happened to me), your own personal Santa is actually an ANN. 

The artificial neural network is dichotomous because it is mind boggling both in its simplicity 
(the model for a “perceptron” was introduced in 1958, long before big data or even the 
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dream of a computer able to actually use one) and its complexity (it took 50 years of 
technological progress and was still nowhere close to being able to be effective, until a 
Toronto professor named Geoffrey Hinton finally cracked the code from the mathematical 
side of the problem). Indeed, the field is full of paradox-riddled elements; you can create 
an ANN in minutes with a few Google searches and some deft copying/pasting open 
code. However, training an ANN to be the super brain—one that will help you forecast, 
find connections, make suggestions, and tease out invisible patterns—takes time, insight, 
experience, and data science expertise. 

An ANN mimics the process of raising a child so much it’s a little creepy. Conception is very 
easy, but training them over countless hours and across the successes and failures is never 
ending—and ending up with a productive, mature being is far from assured. I won’t give you 
my parenting success rate to date, but I can tell you I won’t be writing a parenting book 
titled “I Cracked the Code!”. ANN’s are the same, and like with your own children, to see it 
succeed can create joy like nothing else. 

For example, let’s say we want to teach an ANN how to do something relatively simple, 
like recognize the front passenger door of a vehicle. If you were doing this with traditional 
programming, how would you go about it? For that matter, if you had to leave instructions 
for a child—a child who doesn’t know what a car is--how to identify that specific door, what 
would your process look like? Hmm. Maybe it’s not as simple as that… For either case, you 
would try to think of all the things that help you identify the front passenger door. Maybe 
that it’s at the front of the car on the right? But what is the front? And what does a vehicle 
look like? And what if it’s night time? And what if the cars are all different colors, and 
shapes, and sizes? And what if the photos I’m looking at were taken at different angles, and 
distances, and apertures, and some are color and some are black and white, and some are 
actually photos of billboards of cartoon cars, and...

You get the point. You simply can’t think of everything. To do so would probably take your 
entire life, and by that point you’d have to mention flying cars (I hope). So no, we can’t train 
an ANN that way, but we also can’t train a human that way. So maybe if we think about how 
we train a human, we can back into how an ANN works. 

Say you have a stack of about 10,000 different photos of cars. You divide the stack into, say, 
3,000 – 2,000 – 5,000. 

Learning: For the first 3,000 photos, you have marked any that show the front passenger 
door of a vehicle and where the door is in the photo. The child looks through each, and with 
each photo their brain rewires the neurons working the problem just a tiny bit. In a sense, 
they become more biased on what they believe a front passenger door looks like with every 
new image. Prior assumptions they’ve developed are challenged—where they are wrong 
they are modified, where they are correct they become more rigid, and new situations 
provide new context. 

Training: Now, the 2,000 photos may or may not have doors in them, and they are not 
marked. The child has to look at each, use the complex biases they’ve developed, and 
guess. An adult is watching, and when the child correctly identifies where the door is in the 
photo (if it’s there at all), the adult praises them. For photos the child gets wrong, the adult 
corrects the child by showing where the door in the photo is (or states that the photo has 
no door). The child makes their way through the photos, and even when they get one wrong 
the adult’s corrections are helping to improve the quality of their biases. They continue to 
improve, and if they are able to get a total error score of less than some pre-determined 
threshold, they can move onto the final stage.

Operating: Thanks to some statistical concepts such as the Law of Large Numbers (we 
might call it “practice makes perfect” when we talk to the child), unless the 5,000 remaining 
photos contain drastically different photos, the child should be able to identify any front 
passenger doors on the photos with a predictable error rate that is below the threshold. We 
might not know for sure if no one had ever marked the photos to see if the child was right, 
but there is a reasonable assumption that their talent will continue at that rate. 

Guess what? The exact same process is how you train an ANN (at least the type of ANN 
trained to identify things) to tell us what photos have front passenger doors! This is a 
math-free oversimplification, but you set up an ANN with multiple nodes, and each takes 
in a certain element of the image. Depending on the bias of each node (which starts as a 
random number when an ANN is first born), it may contribute to the total weighted score 
of the neurons. It may do this several times more depending on how complex the ANN 
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is. Once done, the total weight (combined with another “triggering” type of neuron) will 
determine if the ANN guesses right or wrong. When learning, it is told and it will use a 
fancy math process called “back propagation” to figure out for each node what the bias 
error is. Depending on how drastic the learning curve (another variable created when an 
ANN is born), the biases are adjusted some amount. The process repeats to train the ANN, 
and when the ANN reaches an average error below some threshold, it is then “trained” is 
a similar way that more finely tunes its learning and bias. Finally, it can be given unmarked 
photos and guess at where the front passenger doors are with reliable accuracy. The 
accuracy should be checked from time to time to ensure the pictures haven’t changed 
significantly, but the ANN can now sort through massive amounts of photos and identify 
specific items (in this case, passenger car doors) without you ever having to describe what a 

“car”, a “door”, or a “passenger” are.

The key things to know, at a top level, when diving into the world of ANN’s are:

1. 1. ANN’s need a lot of data to work well. Like, a LOT. Thankfully, we have access to 
more big data than ever before, and there are many examples and courses online 
that focus specifically on the data element—how to structure your data, where to 
find it, and (most helpful in my eyes) how to deal with data that is far from perfect.

2. 2. ANN’s need a lot of computing power. For smaller applications you can task a PC 
to get the job done, but if the ANN is more complex, additional hardware might be 
needed. Computers with multiple GPUs (graphics processing units) instead of the 
standard CPU are becoming more mainstream as this setup is ideal for the parallel 
processing required for the ANN to crunch its data.

3. 3. ANN’s are not all seeing, all knowing AI’s. If done right, an ANN can do one 
task very well—much better than a human. However, it takes an expert hand, time, 
and training to make that happen. The ANN isn’t a magic wand, and there are no 
shortcuts to it knowing what you need it to do. That said, a properly trained ANN 
can transform your business in a way that 1,000 analysts working a problem could 
not.

The hours spent in that Italian police station could not be called “fun.” However, I did 
appreciate the spurring of different reflections caused by it. No matter how you view the 
world, we live in an amazing time, in an ever more connected global community, and are 
enjoying collaboration and inspiration that has never been experienced at any point in history. 

Looking ahead, I see that trend, like technology that enables it, continuing to increase at an 
exponential rate. What we accomplish in the next 5-10 years is the science fiction of today. 
And through all of that--and indeed, despite all of that—there will always be an absolutely 
essential need for experts in a given field to come together in person; to share ideas in a 
focused group setting; and face-to-face, to talk and brainstorm and ponder and inspire for 
the hours after and in between. This is where those new thoughts are introduced, where 
partnerships are made, and above all else—where innovation is born.
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ABSTRACT 

APPLYING EARNED BENEFIT MANAGEMENT 
THE VALUE OF BENEFITS
IF YOU CAN’T TRACK IT, YOU CAN’T MANAGE IT!
By Crispin “Kik” Piney, PgMP, PfMP

Kik Piney continues his series of articles on Earned Benefit Management. 
In this, the second article in the series, he explores the issue of applying 
the concept to program and portfolio management using a case study to 
illustrate issues and solutions.

Introduction: Reminder on Benefits Maps
In the first of this series of articles [Piney, 2018a; Piney, 2018b], I presented the basic ideas 
around program and portfolio. These concepts were illustrated on a simple case study. This 
introduction provides a brief reminder of these ideas.

Benefits and Benefits Mapping
As stated in the earlier article, whereas, for projects, you need to be able to specify precisely 
what you want to create, for programs as well as for portfolios, the objective is different. The 
question to be answered in this case is “how can I achieve a specific business or strategic 
benefit?” The approach for defining the solution is to create a benefits map. The output of 
this mapping exercise is a logical network that can be read in two directions.

The map illustrates how to make the benefits happen. Once the required benefits have been 
defined by the strategic sponsor, you need to determine all of the steps that are required 
in order to identify the component projects required in order to achieve the strategic 
objectives. The dependencies between these logical steps are quantified with respect to 
the size of the contribution of the source node to the required result. In conjunction with 
the forecast value of the strategic objectives, this link information allows the forecast 
contribution of every node in the benefits map to be evaluated. Comparing the calculated 
contribution of each component project with its estimated cost provides a measure of its 
business value: its forecast benefit-cost ratio.

The Case Study
The business objective of the program in this example is to increase profits for an 
organization in the area of customer service. For the purpose of the case study, strategic 
analysis has shown that increased customer satisfaction with after-sales support enhances 
business results and has the potential for delivering a benefit of €300,000 per annum 
compared with the current level of business. The steps to achieving this benefit have then 
been developed from this required strategic outcome all the way across to identifying the 
projects required. Analysis of this solution indicates that it will also lead to an increase in 
operational costs amounting to 25% of the corresponding benefit, thereby reducing the net 
benefit to be achieved by the program. The benefits map for this program, including all of 
the financial numbers mentioned above is shown in Figure 1. One important point about this 
case study is that, although the overall figures show a healthy return on investment, one 
component project (B: Call Handling Tool) costs more to develop than in contributes to the 
final benefit. The first article, however, explained why its inclusion was justified.

The benefits map provides you with a static view of the forecast result of the completed 
program. However, the addition of the Earned Benefit concept to benefits mapping provides 
additional, essential information for tracking the performance of the program during 
implementation.

 
This series is by Crispin “Kik” Piney, 
author of the book Earned Benefit 
Program Management, Aligning, 
Realizing And Sustaining Strategy, 
published by crc press in 2018. 
Merging treatment of program 
management, benefits realization 
management and earned value 
management, kik’s book breaks 
important new ground in the 
program/project management 
field. In this series of articles, kik 
introduces some earned benefit 
management concepts in simple 
and practical terms.
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have then been developed from this required strategic outcome all the way across to 
identifying the projects required. Analysis of this solution indicates that it will also lead to 
an increase in operational costs amounting to 25% of the corresponding benefit, thereby 
reducing the net benefit to be achieved by the program. The benefits map for this 
program, including all of the financial numbers mentioned above is shown in Figure 1. 
One important point about this case study is that, although the overall figures show a 
healthy return on investment, one component project (B: Call Handling Tool) costs more 
to develop than in contributes to the final benefit. The first article, however, explained 
why its inclusion was justified. 
The benefits map provides you with a static view of the forecast result of the completed 
program. However, the addition of the Earned Benefit concept to benefits mapping 
provides additional, essential information for tracking the performance of the program 
during implementation. 

 
 

Figure 1: Complete Benefits Map 
 

The Earned Benefit Concept 
To understand the Earned Benefit concept, let us start from a known technique: Earned 
Value (Abba, 2000; Lucas, 2012). 
The Earned Value Method (EVM) is ideally suited for managing the performance of 
project delivery. The essence of a project is to create one or more deliverables as 
specified by the client – whether the client is internal or external to the delivery 
organization. So, the “value” earned by a project is the value to the delivery organization 

Figure 1: Complete Benefits Map

The Earned Benefit Concept
To understand the Earned Benefit concept, let us start from a known technique: Earned 
Value (Abba, 2000; Lucas, 2012).

The Earned Value Method (EVM) is ideally suited for managing the performance of project 
delivery. The essence of a project is to create one or more deliverables as specified by the 
client – whether the client is internal or external to the delivery organization. So, the “value” 
earned by a project is the value to the delivery organization which is equal to the price 
agreed with the customer – this explains the focus of the earned value method on “work 
performed” and on the corresponding allocated budgets. For programs, however, the 

“value” to the business is the potential contribution of the work performed – normally across 
multiple component projects – to the program’s benefits.

As explained in the introduction, once the algorithm for calculating the contributions has 
been carried out across the entire benefits map, the contribution of each component 
project to the total forecast benefit is known. The sum of the contributions of all of the 
component projects is therefore equal to the total forecast benefit. If any component project 
is incomplete or missing, its contribution will obviously be reduced proportionally or not 
occur, and the total benefit of the program will be reduced accordingly. It is just a small 
conceptual step, now, to define the earned benefit of a component project and, by extension, 
the earned benefit of the program.

The convention in this case is that, for any component project, its benefit contribution is 
linearly proportional to its percentage complete as calculated using the standard EVM. 
The sum of these contributions gives the Earned Benefit of the program. There are some 
additional concepts to be added once this idea has been fully understood, but the first, 
major step is to assimilate the basic rules of the Earned Benefit Method (EBM). To make this 
idea clearer it will now be applied to the case study.

An Earned Benefit Example
The business benefits forecast and technical implementation estimates have been used in 
order to build the quantified benefits map as explained in the first article in this series and 
shown in Figure 1. The next step is to use the component projects’ schedule forecasts to 
evaluate the expect implementation performance. This additional data for the case study are 
as follows:

The program is planned to run from the start of January to the end of June and the 
component projects are planned accordingly as shown in the Gantt chart (Figure 2).
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Figure 2: Gantt Chart for the Case Study 
 

As shown in the Gantt chart, the component project schedules 
are as follows: A: Call Handling Service run from 1 June to 
end June 
B: Call Handling Tool runs from 1 January to end 
February C: Business Process Analysis runs from 
1 March to end May 

Let us now use this in a hypothetical implementation, tracking progress across the 

Figure 2: Gantt Chart for the Case Study

As shown in the Gantt chart, the component project schedules are as follows: 
• A: Call Handling Service run from 1 June to end June
• B: Call Handling Tool runs from 1 January to end February 
• C: Business Process Analysis runs from 1 March to end May

Let us now use this in a hypothetical implementation, tracking progress across the lifetime 
of the program. The planned and actual percentages for each of the component projects in 
this example are shown in Table 1:

Page 4 of 7 

 

 

lifetime of the program. The planned and actual percentages for each of the 
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By applying EVM and EBM to this example for each monthly reporting period, we 
can generate the following table (Table 2) from which we can plot the 
corresponding curves (Figure 3). 

Table 2: Earned Value and Earned Benefit Figures 
 

 

Figure 3: Planned and Earned Value; Planned and Earned Benefit 

 
From Table 2, you can see that the Earned Benefit figures lag behind the Earned Value 
ones during the first half of the program’s lifetime. Earned Benefit less than Earned Value 
indicates a negative return on investment (ROI) forecast (i.e., the added value is less 
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Table 1: Schedule Planned and Actual Values

By applying EVM and EBM to this example for each monthly reporting period, we can 
generate the following table (Table 2) from which we can plot the corresponding curves 
(Figure 3).
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From Table 2, you can see that the Earned Benefit figures lag behind the Earned Value 
ones during the first half of the program’s lifetime. Earned Benefit less than Earned Value 
indicates a negative return on investment (ROI) forecast (i.e., the added value is less than 
the cost) at that point in the program. Unless the reason for it is understood and accepted, 
this negative ROI could send the wrong message to management, and might result in 
premature cancellation of the project and loss of the investment to date. In this case 
study, Figure 3 shows that this loss could amount to the actual spend at the end of March 
corresponding to a planned value (PV) of $83,250 – over half of the total program budget. 
As explained earlier, the reason for the negative ROI during this stage is that component 
B, the Call Handling Tool, delivers on its own less of a benefit than it costs. However, due to 
synergy effects, by the time the other components start to come online, the total Earned 
Benefit far outweighs the Earned Value. In the example, the program’s ROI really takes off 
in the last two months of the program. Earned Benefit forecasting can provide this positive 
message to management at every status review in order to ensure continued executive 
support for the program. In order to provide a complete picture of performance to date, 
progress measurement indicators that are reported should address both Earned Value and 
Earned Benefit. Some of these indicators are mentioned next.

For the EBM, “percent achieved” is the progress indicator that is conceptually similar 
to “percent complete” in EVM, and is defined as (<Earned Benefit>/<Earned Benefit at 
Completion>). Once the schedules for the component projects are known, the Planned 
Benefit can be calculated based on the Planned Value for any date, in a similar manner to 
Earned Benefit. The contrast between the Planned Value and Planned Benefit progress 
indicators for the case study example is shown in Figure 4. For this example, the EVM 
percent complete figures are more optimistic than the EBM percent achieved ones 
throughout the program. This difference comes about because the component project with 
the largest ROI (i.e., A: the Call Handling Service) is the last one to reach completion and 
provide its contribution to the total benefit. This “late surge” indicates that the risk of failing 
to achieve the strategic objectives is considerable right up until the last moment. In this 
way, in addition to enabling business-focussed performance management, the EVM also 
provides valuable information for managing overall program risk and verifying the program’s 
compatibility with the organization’s level of risk appetite at any point during the execution 
of the program. In this case, as just mentioned, management needs to understand that the 
actual benefit of the program only occurs late on in the implementation phase, and that the 
financial exposure up until that point is higher than might be expected from looking at the 
scheduling and planned value forecasts.
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This example shows that the approach of tracking and reporting on the figures from both 
EVM and EBM can provide a complete image of the program status and a powerful 
means of ensuring the final success of the program. 
Key Messages 
The example underlines one important message that applies to all programs: 
Although EVM is an extremely useful technique for evaluating and forecasting progress 
towards creating or receiving the result of a project, it only measures the value with 
respect to the delivery organization or the purchasing function in the receiving 
organization. Put another way, EVM focusses  on what you put into achieving a result. 
Business management, on the other hand, is interested in the benefit to be gained from 
the results of the work, so this needs to be measured using the EBM. The addition of 
EBM to EVM provides a more complete picture of performance across the lifetime of a 
program. 
Additional Numbers - Completing the Map 
The first two articles have explained how to create the benefits map, quantify the 
dependencies, calculate the contribution of each node to the required benefits, and 
compare the cost allocation of each component project to its contribution. The way in 
which these numbers can be used in the Earned Value and Earned Benefit methods for 
approving, tracking and forecasting the program benefit has been explained. 
Even with all of these numbers, the map is incomplete until we can fill in the costs that 
should be allocated to each of the intermediate nodes. 
So long as these intermediate allocation numbers are unavailable, the viability of the 
intermediate steps between the component projects and the planned benefits cannot be 
objectively assessed. However, once the means for calculating these numbers is 
available, the benefits mapping technique becomes considerably more powerful. For 
example: 

• different scenarios based on the original benefits map can be reviewed 
and the solution strategy optimized accordingly; 
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This example shows that the approach of tracking and reporting on the figures from both 
EVM and EBM can provide a complete image of the program status and a powerful means of 
ensuring the final success of the program.

Key Messages
The example underlines one important message that applies to all programs:
Although EVM is an extremely useful technique for evaluating and forecasting progress 
towards creating or receiving the result of a project, it only measures the value with respect 
to the delivery organization or the purchasing function in the receiving organization. Put 
another way, EVM focusses  on what you put into achieving a result. Business management, 
on the other hand, is interested in the benefit to be gained from the results of the work, so 
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this needs to be measured using the EBM. The addition of EBM to EVM provides a more 
complete picture of performance across the lifetime of a program.

Additional Numbers - Completing the Map
The first two articles have explained how to create the benefits map, quantify the 
dependencies, calculate the contribution of each node to the required benefits, and 
compare the cost allocation of each component project to its contribution. The way in which 
these numbers can be used in the Earned Value and Earned Benefit methods for approving, 
tracking and forecasting the program benefit has been explained.

Even with all of these numbers, the map is incomplete until we can fill in the costs that 
should be allocated to each of the intermediate nodes.

So long as these intermediate allocation numbers are unavailable, the viability of the 
intermediate steps between the component projects and the planned benefits cannot be 
objectively assessed. However, once the means for calculating these numbers is available, 
the benefits mapping technique becomes considerably more powerful. For example:

• different scenarios based on the original benefits map can be reviewed and the solution 
strategy optimized accordingly;

• later adjustments to the solution strategy can be catered for without invalidating all of 
the earlier analysis. This capability reduces rework and prevents people from “moving 
the goalposts” to hide performance issues;

• intermediate cost-benefit performance indicators can be defined, based on the 
achievement of planned capabilities or outcomes.

These ideas will be expanded in the forthcoming articles in this series.
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ABSTRACT All risk comes from uncertainty. Uncertainty comes in two forms.  

• Aleatory uncertainty – from the Latin alea (a single die in Latin) is the 
inherent variation associated with a physical system or the environment, 
which arises from an inherent randomness, natural stochasticity, 
environmental or structural variation across space and time in the 
properties or behavior of the system under study.   

• Epistemic uncertainty – from the Greek επιστηµη (episteme), meaning 
knowledge of uncertainty due to a lack of knowledge of quantities or 
processes of the system or the environment. Epistemic uncertainty is 
represented by the ranges of values for parameters, a range of workable 
models, the level of model detail, multiple expert interpretations, and 
statistical confidence. 

The paper describes how to identify, analyze, plan, track and control risk on complex system 
of systems.  With this knowledge the reader will be able to assess the maturity of the existing 
risk management process and determine correct actions needed to increase the probability 
of program success. Examples of root cause analysis, framing assumptions, high-level sources 
of risk are provided to guide the reader in applying these to their own programs.

The rationalization for separate risk into epistemic and aleatory is shown and evidence 
provided that failing to make this separation decreases the probability of program success 
by undermeasuring the impacts of each risk category.

The paper provides actionable guidance for applying risk management to complex system of 
system, with inputs, processes, and expected outputs for a variety of risk categories.

INTRODUCTION TO CONCEPTS
Cost and schedule growth on complex development programs is created when unrealistic 
technical performance expectations, unrealistic cost and schedule estimates, inadequate 
risk assessments, unanticipated technical issues, and poorly performed and ineffective risk 
management handling processes, create project technical and programmatic shortfalls, 
shown in Figure 1 and documented in a wide range of sources. [22], [23], [30], [37], [53], 
[59], [61], [72], [73], [98], [104], [105], [106], [114], [120], [122]

Root causes of cost and schedule growth and technical short fall starts with not adequately 
specifying what Done looks like in Measures of Effectiveness (MOE) for the project’s 
outcomes, not quantifying uncertainties in these measures, and failing to manage resulting 
risks to the Measures of Performance (MOP) associated with these MOE’s during execution 
of the project. [1], [18], [34], [71], [79], [112]

Applying Continuous Risk Management (CRM) [2] provides the needed discipline to produce 
risk informed actionable information to decision makers to address these issues, by: [17], 
[34], [35], [106]

• Continuously managing risks produced by uncertainty has shown positive correlations 
between risk management and increasing the probability of project success. [24], [38], 
[34], [94]

• Determining which risks are important to deal with in a prioritized model, their 
interactions, statistical interdependencies, propagation, and evolution. [5], [37], [90], [102]

INCREASING THE PROBABILITY OF PROGRAM 
SUCCESS WITH CONTINUOUS RISK MANAGEMENT
By Glen Alleman, Tom Coonce, and Rick Price
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1 ) In this paper we use the terms 
Buyer and Provider in a neutral 
manner. This removes the biases 
of the words Government and 
Industry with the hope that the 
principles presented here can 
be applied in a broad range of 
business 

• Implementing strategies to handle risk with mitigation, correction, prevention, and 
avoidance, derived from Root Cause Analysis, to remove and prevent the conditions and 
actions creating the risks. [50], [57] 

Continuous Risk Management increases the Probability of Program Success by: [11]
• Preventing problems before they occur with pre-mortems to identify cause, take 

corrective and preventive actions to remove the condition and activity of the root cause 
before the risk becomes an issue. [50], [66], [104]

• Improving product quality by focusing on project objectives by consciously looking 
for risks that affect Cost, Schedule, and Technical Performance throughout the project’s 
lifecycle. [24], [80], [83]

• Enabling better use of resources through early identification of problems and providing 
input to management decisions regarding resource allocation. [34], [82]

• Promoting teamwork by involving personnel at all levels of the project and focusing 
their attention on a shared vision of the mission to provide a mechanism for achieving 
the MOE’s and MOP’s as planned.

Uncertainties creating risk must be identified, corrected, or prevented to remove programmatic, 
technical cost, schedule, and performance shortfalls that impact the Probability of Program Success. 
[15], [20], [41] Identifying the cause and effect relationships between cost, schedule, and technical 
risks and the propagation of those risks and their impact on the Probability of Program Success is a 
Systems Engineering and Program Management process. [39], [107]

Probability of Program Success Reduced by Programmatic Uncertainties

Condition or Action (Cause) Undesirable Outcome (Effect)

Buyer1 fails to define what Done looks like in units 
of measure meaningful to the decision makers 
prior to starting and during the project work. [16]

System deliverables don’t provide needed 
capabilities, effectiveness and performance, 
arrive too late, and cost more than budgeted.

Different participants on the project impose 
conflicting demands on project structure and 
processes. [52]

Participates do what is in their own best interest 
versus the best interest of product, cost, and 
schedule. 

Budget process forces funding decisions to be 
made in advance of project decisions. [22], [122]

Budget process encourages undue optimism 
creating project risk to cost, schedule, and 
technical performance.

Program managers’ short tenures, limitations in 
experience, and formal training, create short falls 
in management skills. [8], [56]

Program manager focused on minimizing risk to 
Keep the Program Sold, creating the opportunity 
for career advancement.

Schedule and Cost Margin not defined or related 
to schedule and cost risk. Schedule margin tasks 
not assigned to protect end-item deliverables 
[16], [35], [36], [65]

Lack of validated cost and schedule margin 
causes the project to under deliver technical, go 
over budget, and deliver late. 

Technical Plan not aligned with Budget and 
Spend Plans, with missing Schedule Margin and 
risk buy down plan. [122]

Lack of integrated cost, schedule, technical 
progress gives wrong performance information of 
future performance. 

Alternative Points of Integration not considered 
in Master Schedule. [93]

Missing Plan-B means Probability of Success is 
reduced.

Cost, Schedule, and Technical Uncertainties 
impact Probability of Program Success without 
handling plans. [54], [73]

Without a credible risk strategy, there is no 
credible plan for success.

Missing Resource Loaded Schedule to assure 
staff, facilities, and other resources available 
when needed. [84]

Resources are not available when needed, with 
no credible plan for success.

Propagation of Aleatory and Epistemic 
Uncertainty not considered in risk profile or 
handling plans. [5], [42], [75], [117]

Without understanding the dynamics of risk, 
there is no credible plan to Keep the Program 
Green. [28]

Table 1 - for programs, these Root Causes (Condition, Action, Outcome) have been shown to reduce the 
Probability of Program Success. Each are addressed with Corrective and Preventive actions.
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2) The structure of this paper 
is modeled after Beyond Bullet 
Points, guided by the following 
framework
• The Setting - the current 

project not successfully 
delivering effectiveness and 
performance needed to 
achieve the capabilities user 
paid for.

• The Protagonist – Buyer and 
Provider Program Managers, 
supporting Engineering, 
Program Controls, and Finance 
and Business Operations staff.

• The Imbalance - Buyer 
and Provider minimize 
technical difficulties leading 
to overlooking principles, 
processes, and practices that 
reveal risk to cost, schedule, 
and technical performance, 
identified corrective and 
preventive actions needed to 
Keep the Program Green.

• The Balance - prior to each 
major decision milestone, 
all participants have a clear 
understanding of what Done 
looks like in units of measure 
meaningful to decision makers, 
informed with analysis of 
technical, schedule, and cost 
risks affecting probability of 
project success.

• The Solution - a Master Plan, 
with Measures of Effectiveness 
(MOE), Measures of 
Performance (MOP), Technical 
Performance Measures 
(TPM), and Key Performance 
Parameters (KPP) for each 
deliverable in support of 
Mission or Business Strategy.

RISK MANAGEMENT OVERVIEW

This section provides the framework for reducing risk of cost growth, schedule delay, and technical 
performance shortfalls on programs in the presence of uncertainty by providing risk informed 
decisions that increase the Probability of Program Success (PoPS). [11], [84], [85]

Research shows management of complex programs regularly misses opportunities to 
increase the probability of project success. Symptoms include: Overestimating technology 
readiness; Underfunding the procurement of systems; Underestimating potential problems; 
Inadequate risk management at project initiation; Use of unsubstantiated cost estimates; 
Unaddressed technical problems; Operating with reduced manpower and functional 
expertise in the project office; Overestimating cost savings for insertion of COTS hardware 
and software; and Operating in an environment that burs of the traditional roles of 
independent cost, schedule, technical, and contract performance assessment. [12], [24], [47], 
[49], [50], [54], [96], [103], [122]

Focusing on risks created by uncertainty (reducible and irreducible), their identification, and 
corrective and preventive actions needed to address these risks, increases the probability of 
project success. [103], [119]

Uncertainty is the consequence of all complex systems. It is the lack of needed knowledge of 
the state of the system in the present and in the future that creates risk. [76], [77] Adaptability, 
flexibility, and other systems “-illities” are devoid of meaning in a deterministic world. [102] In the 
non-deterministic (uncertain) world, risk management is a critical success factor for increasing the 
probability of project success. [99]

Risk Never Occurs Without a Cause, that Cause is Uncertainty - Risk is the Outcome of Uncertainty

A contributing factor to projects successfully delivering capabilities needed to accomplish 
their mission is determined by how well the integrated data and processes are used to track 
and manage technical and programmatic performance and reduce risks to that needed 
performance. 

Each performance factor informs one or more of the Five Immutable Principles of Program 
Success and enables modeling of this probability in units of measure meaningful to the 
decision makers. [4], [29], [70], [96], [97]

1. What does Done look like in units of measure meaningful to the decision maker?
2. What is the Plan and Schedule to reach Done with needed Capabilities, at needed 

time, for needed cost?
3. What time, money, and resources are needed to reach Done and in what period are 

they needed?
4. What impediments will be discovered on the way to Done and their corrective or 

preventative actions?
5. What are the units of measure needed to credibly describe how progress is being 

made toward Done?

Risk, created by uncertainty, and its management, is the central paradigm in a range of fields, 
in engineering, medicine, life sciences, and economics. [100], [126] This paper presents the 
principles on risk, its impact on the probability of project success, and the preventative and 
corrective actions needed to increase that probability.2 

Framing Assumptions
Framing Assumptions (FA) inform project leaders about key project assumptions, enable 
discussion of their validity, and establish a context for project assessments. FA is any 
supposition (explicit or implicit) central in shaping cost, schedule, or performance 
expectations of the project.

Delays in schedule, cost overruns, and shortfalls in technical capabilities are often traced to difficulties 
in managing technical risk, initial assumptions, or expectation that are difficult to fulfill, and funding 
instability. [99]

One purpose of this paper is to identify the explicit and implicit framing assumptions of risk 
to the cost, schedule, and technical performance that decrease the probability of project 
performance. 
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3) Schumpeter, J. A., Capitalism, 
Socialism and Democracy, Allen 
& Unwin, 1947, p. 84, which is the 
"process of industrial mutation 
that incessantly revolutionizes the 
economic structure from within, 
incessantly destroying the old one, 
incessantly creating a new one"

With this starting point, there are several framing assumptions that needed when applying 
the Five Immutable Principles. Different agencies will have different approaches to 
answering the questions posed by the Five Principles. The fundamental assumptions for how 
risk impacts the answers to each question remains the same. [4]

Immutable Principle Framing Assumption

What does Done look like in units 
of measure meaningful to the 
decision makers?

To define Done, there needs to be Measures of effectiveness, 
Measures of Performance, Technical Performance Measures, 
and Key Performance Parameters traceable to the Capabilities 
needed for mission success.

What is the Plan and Schedule to 
reach Done, at the needed time, 
for the needed cost, with the 
needed Capabilities?

Plans are strategies for the successful deliver of the needed 
capabilities.
These plans come in a variety of forms, each described increasing 
maturity of deliverables,
Integrated Master Plan [35]
Product Roadmap [35], 
Narratives in long term agency planning guidance [31], [32]
Concept of Operations [65]

What time, money, and resources 
are needed to reach Done?

Some form of a master schedule showing deliverables is needed, 
the dependencies between the deliverables and measures of 
performance, technical performance measures and quantifiable 
backup data for these deliverables to assess the physical percent 
complete.

What impediments will be 
encountered on the way to Done 
and what are their preventive and 
corrective actions?

All risk comes from uncertainty in two forms - epistemic 
(reducible) which can be bought down and aleatory (irreducible) 
which requires margin.

What units of measure describe 
progress to plan toward Done?

Physical percent complete must be in some unit meaningful 
to the decision maker for the technical performance measures, 
Measures of Performance, and Key Performance Parameters for 
the project deliverables.

Table 2 - Framing assumptions for the Five Immutable Principles of Program Success.

Seven Risks to success requiring preventive and corrective actions to handle impacts from 
each risk. [15]

Risk to Success Impacts on the Probability of Program Success

Novelty There is no way to accurately assess if the project will be successful without 
proper model of the past performance, risk adjusted for future performance, 
with explicit preventive and corrective actions.

Uncertainty Results from lack of data needed to make reliable predictions of performance 
requirements, cost or time schedules or other significant project elements.

Complexity Systems have become complex that the parties involved can barely 
comprehend them. Without some means of modeling and assessing this 
complexity, no individual person or organization has the range of skills needed 
to understand the risks and issues involved in the project.

Interdependence No project is an island. Dependencies multiply the number of factors outside 
the control of the project. 
Changes in these factors impact the risks to cost, schedule, and technical 
performance.

Resource 
Limitations

The common results are when capability, quantity, and provision for support are 
traded off against cost that result in unintended and unexpected consequences. 
Without adequate funding, budgetary pressures impact creates cost ceilings, 
creating tradeoffs between capabilities, quantities, and support.

Creative 
Destruction3

Firms form, pass through phases of growth and decline, absorb other 
corporations or are taken over or dismantled, creating disruption to the 
established knowledge base needed for project success.

Political 
Constraints

Politics promises more and admits to less, making political constraints arguably 
the deadliest risk. If adherence to estimates is prime measure of performance, 
project managers will be pressured to sacrifice real objectives in order to avoid 
condemnation. All cost and schedule estimates must be probabilistic, risk 
adjusted, and updated to address the emerging needs of the user community. 
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4) IDA, MITRE, RAND, NASA, 
NRO, Naval Postgraduate School, 
Air Force Institute of Technology, 
Aerospace Corporation, all have 
research on the root cause analyses 
of acquisition problems. 

5) Among the many sources that 
need to be corrected or prevented 
are the perverse Incentives create 
unintended and undesirable 
results contrary to the interests 
of the incentive makers. [30] 
Other sources can be identified, 
with corrections or preventions, 
but these incentives are backed 
into the politics and culture of 
large complex programs in both 
government and commercial 
domains

SOURCE OF THE IMBALANCE 
Risks Identified are rarely realized, risks realized were rarely identified.
All unidentified risks are accepted risks. [46]

Research reveals root causes of a project’s failure to deliver the needed capabilities, 
for needed cost, at needed time, has many sources.4 Primary sources of the imbalance 
include technical and programmatic complexity and weak implementation of formal 
risk management. These conditions have been routinely ignored or minimized while not 
questioning or defining the framing assumptions for cost, schedule, and performance 
expectations that create the risks. [6], [25], [48], [55], [60], [86] The corrections needed 
for this imbalance are not addressed in this paper.5 This paper does address the principles, 
processes, and practices for handling the consequences of the lack of risk management in 
the Imbalance and the impact on the Probability of Program Success.

FRAMEWORK FOR IMPROVING PROGRAM PERFORMANCE
The starting point for improving the probability of project success is to assure that the Buyer 
and Provider share an understanding of the measurable descriptions of what the systems 
must deliver to accomplish the mission. 

Every successful system must define unambiguous, risk adjusted, Measures of Effectiveness 
(MoEs) informed by the Technical Performance Measures (TPM), including the evaluation of 
all assumptions. Both Buyer and Provider must understand these complexities and evaluate 

“what could go wrong” when defining the system’s MOEs. 

Once this evaluation is complete, the validated MOEs are included in the Master Plan. 
[113] During project execution, the Provider must continue to perform risk analysis 
when responding to the buyer’s RFP in the form of a Master Schedule. Traditional Risk 
Management is based on these core concepts with models of [28], [110]

• Impact of naturally occurring uncertainties - aleatory, their statistical processes, and 
margins needed to handle the resulting risk.

• Impact of the risk event modeled as a probabilistic process, corrective or preventative 
actions, and residual risk.

These probabilistic and statistical processes are assessed with qualitative and quantitative 
approaches, with an aggregated characteristic to prioritize risk. A combination of probability 
and impact defined in an aggregate manner informs the decision makers about impacts 
of risk. Many of these methods independently evaluate the characteristics of risks and 
focus on the analysis of individual risks. Risks are usually listed and ranked by one or more 
parameters. Many times, these methods do not consider later influence of risks and cannot 
represent the interrelation between the risks created by the reducible and irreducible 
uncertainties and how these risks propagate through the project to create other risks not 
specified defined in the Risk Register.

Before implementing a risk’s corrective or preventive actions to increase the probability of 
project success, it is critical to realize:

Uncertainty is about ambiguous knowledge of probabilistic events (Epistemic), variances of naturally 
varying processes (Aleatory), or emergent uncertainty (Ontological) - all creating risk to the 
probability of success of the project.
Risk Management means Managing in the Presence of these Uncertainties. [33], [45], [69]
Predictive indicators are needed to increase the Probability of Program Success [25], [28]

PROBLEM STATEMENT FOR INCREASING PROBABILITY OF SUCCESS IN 
THE PRESENCE OF RISK

How can uncertainties for the project be identified and classified, with the needed level of confidence, 
to enable appropriate corrective or preventative actions to improve the probability of successfully 
completing programs on time, on budget, with the needed mission Capabilities?

The four areas affecting the probability of success in Figure 1 are associated with 
unmitigated or unanticipated risk to cost, schedule, and technical performance.
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Before implementing a risk’s corrective or preventive actions to increase the probability 
of project success, it is critical to realize: 

Uncertainty is about ambiguous knowledge of probabilistic events (Epistemic), variances of naturally 
varying processes (Aleatory), or emergent uncertainty (Ontological) ‒ all creating risk to the probability of 

success of the project. 
Risk Management means Managing in the Presence of these Uncertainties. [33], [45], [69] 

Predictive indicators are needed to increase the Probability of Program Success [25], [28] 
 
Problem Statement for Increasing Probability of Success in the Presence of 
Risk 
How can uncertainties for the project be identified and classified, with the needed level of confidence, to 

enable appropriate corrective or preventative actions to improve the probability of successfully completing 
programs on time, on budget, with the needed mission Capabilities? 

The four areas affecting the probability of success in Figure 1 are associated with 
unmitigated or unanticipated risk to cost, schedule, and technical performance.  

 
Figure 1 ‒ Four summary sources of project cost and schedule overruns and technical shortfalls are from a more 

detailed assessment of the root cause of project cost, schedule, and performance shortfalls. [62] 
There are thousands of ways to fail … most have not been explored. [63] 

What is Risk? 
Risk is the effect of uncertainty of objectives. Uncertainty is a state or condition that involves a deficiency 
of information and leads to inadequate or incomplete knowledge of understanding. In the context of risk 

management, uncertainty exists whenever the knowledge or understanding of an event, consequence, or 
likelihood is inadequate or incomplete  

‒ ISO 31000:2009, ISO 17666:2016, and ISO 11231:2010 
Risk is Uncertainty that Matters [58] 

Risk is the potential consequence of specific outcomes that affect the projects’ ability to 
meet cost, schedule, and/or technical objectives. Risk has three primary components: 
[62] 
▪ Probability of the activity or event occurring or not occurring, described by a Probability 

Distribution Function. 
▪ Consequence or effect resulting from the activity or event occurring or not occurring, 

described by a Probability Distribution Function. 

Figure 1 - Four summary sources of project cost and schedule overruns and technical shortfalls are from 
a more detailed assessment of the root cause of project cost, schedule, and performance shortfalls. [62]

There are thousands of ways to fail … most have not been explored. [63]

WHAT IS RISK?

Risk is the effect of uncertainty of objectives. Uncertainty is a state or condition that involves a 
deficiency of information and leads to inadequate or incomplete knowledge of understanding. In 
the context of risk management, uncertainty exists whenever the knowledge or understanding of an 
event, consequence, or likelihood is inadequate or incomplete 

– ISO 31000:2009, ISO 17666:2016, and ISO 11231:2010
Risk is Uncertainty that Matters [58]

Risk is the potential consequence of specific outcomes that affect the projects’ ability to 
meet cost, schedule, and/or technical objectives. Risk has three primary components: [62]

• Probability of the activity or event occurring or not occurring, described by a Probability 
Distribution Function.

• Consequence or effect resulting from the activity or event occurring or not occurring, 
described by a Probability Distribution Function.

• Root Cause (condition and activity) of a future outcome, which when reduced or 
eliminated, will prevent occurrence, non-occurrence, or recurrence of the cause of the 
risk.

 
For the project manager, there are three risk categories that must be identified and handled:

• Technical - risks preventing end items from performing as intended or not meeting 
performance expectations described by Measures of Effectiveness, Measures of 
Performance, Technical Performance Measures, and Key Performance Parameters.

• Programmatic - risks that affecting cost and schedule performance within the control or 
influence of Program Management, through managerial actions of work activities in the 
Integrated Master Schedule. [36]

• Business - risks originating outside the project or not within the control or influence of 
the Program Manager.

Uncertainty comes from the lack information to describe a current state or to predict 
future states, preferred outcomes, or the actions needed to achieve them. [51], [94], [123] 
This uncertainty can originate from the naturally (randomly) occurring processes of the 
project (Aleatory Uncertainty). Or it can originate from the lack of knowledge about the 
future outcomes from the work on the project (Epistemic Uncertainty). [69], [108]

MEASURING PROGRAM SUCCESS

Without a programmatic architecture (cost, schedule, risk management and its impact on 
the technical architecture), risks and their corrections and preventions to deliver needed 
technical capabilities cannot be defined, assessed, or measured, reducing the overall 
probability of project success. [75], [82]
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6) “Military Research and 
Development Policies,” Klein, B. H. 
Meckling, W. H., and Mesthene, E. 
G., The RAND Corporation, R-333-
PR, December 4, 1958.

7) When a direct measure is 
available, and objective measure 
is possible. When predicting an 
outcome, a subjective measure is 
used. The likelihood of the possible 
outcomes can be expressed 
quantitatively in terms of 
probabilities to indicate the degree 
of uncertainty. These probabilities 
can be objective when the events 
they predict are the results of 
random processes.

8) Measures of Effectiveness 
(MOE), Measures of Performance 
(MOP), Technical Performance 
Measures (TPM), and Key 
Performance Parameters (KPP) are 
measures of project success. 

Measuring progress to plan in the presence of uncertainty, requires probabilistic modeling 
of the uncertainties of cost, schedule, and technical performance in units of measure 
meaningful to the decision makers. This principle of project management has been around 
for decades. It’s time these are put back to work. [111]
In the presence of uncertainty, projects have several important characteristics: 

• The development of new, operational systems involves combining sub-systems and 
component technologies to produce a new systems capability. Early in the project two 
types of information are available - the design basis of the general class of systems and 
some knowledge about newer or improved technologies to be incorporated into the 
components or subsystems.

• The development status can be a measure of uncertainty and progress measured by 
change in this uncertainty. Physical progress to plan can measured by the reduction of 
uncertainty, when it is reducible, and by the assessment of remaining margin when the 
uncertainty is irreducible. This process has been described - long ago - as the sequential 
purchase of information regarding some object about which the state of knowledge 
is incomplete.6 This knowledge is periodically assessed to confirm risk is being bought 
down at the planned rate, and the margin is being consumed according to plan.

• The system’s variables defining the performance characteristics must indicate an 
increasingly mature capability to fulfill a prescribed mission, in the Concept of Operations 
and other documents, in units described in Measures of Progress to Plan section.

• Acquiring these measures requires a method of systematically analyzing the implications 
of this knowledge at the subsystem and component levels of the project. 

• Since the development of is not a random process, but a directed engineering process, 
in the presence of uncertainty, subjective probability distributions are needed for 
measuring this technological uncertainty. When an objective measurement is possible, it 
will be used to inform the decision maker. When this measure is not directly available, a 
subjective measure must be made with a model containing a degree of uncertainty.7

MEASURES OF PROGRESS TO PLAN
To assess the increasing or decreasing project probability of success for the characteristics 
described above, units of measure are needed to define this success.8

• Measures of Effectiveness (MoE) - are operational measures of a desired capability 
whose success is related to the achievement of the mission or operational objectives, 
evaluated in the operational environment, under a specific set of conditions. 

• Measures of Performance (MoP) - are measures that characterize physical or functional 
attributes relating to the system operation, measured, or estimated under specific 
conditions. 

• Technical Performance Measures (TPM) - are attributes that determine how well a 
system or system element is satisfying or expected to satisfy a technical requirement or 
goal. 

• Key Performance Parameters (KPP) - represent the capabilities and characteristics 
so significant that failure to meet them can be cause for reevaluation, reassessing, or 
termination of the project. 

Each of these measures provides visibility to Physical Percent Complete of the development 
or operational items in the project.

These measures of progress to plan have been developed and applied since the mid 1960’s. [1], [21], 
[91], [111]
The challenge is for the Buyer to connect the Technical Plan, with its MOEs, MOPs, TPMs, and KPPs 
with the Cost and Schedule Plan for any complex project before issuing the RFP. [71], [96], [99], [101]

THE MOVING PARTS IMPACTING PROBABILITY OF PROGRAM SUCCESS
To increase the probability of project success, processes and data must be connected in 
a logical manner. Figure 2 describes this data and the connections. Each data element is 
needed for success, starting with the contents of the Concept of Operations (ConOps). 
Figure 3 shows the processes connecting this data.

These performance measurement elements are the raw materials providing visibility to 
the success of the project. The programmatic architecture is as important as the technical 
architecture of the product or services produced by the project. This programmatic 
architecture provides the basis of getting the product out the door on the needed date for 
the needed cost, with the needed Capabilities.
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programmatic architecture provides the basis of getting the product out the door on the 
needed date for the needed cost, with the needed Capabilities.  

 
Figure 2 – the data elements and their interactions needed to increase the probability of project success at with a 

Programmatic Architecture for managing the project in the presence of reducible and irreducible uncertainty. 

Framework for Technical, Cost, and Schedule Uncertainties 
Uncertainties have many sources and drivers. Some are model related, some are parameter related. 

Parameter related uncertainties come in two categories ‒ aleatoric and epistemic. [71] 
 How Is the Degree of Uncertainty Modeled for the Probability of Program Success?  

To answer this question, uncertainties impacting the probability of project success 
need to be separated into two categories. If the uncertainty can be reduced with work 
effort, it is labeled Epistemic. If there is a random process creating the uncertainty, no 
possibility of reducing the uncertainty, it is labeled Aleatory.  

Programs containing data and processes shown in Figure 2 are complex. Models that 
attempt to simulate the risks to project success are many times simplified mathematical 
representations of complex phenomena. [87] This risk assessment uses probabilistic 
models for future events, identifying needed corrections and preventions of the outcome 
a risk created by these uncertainties. This traditional approach to risk analysis and 
management constructs a Risk Register containing probabilistic events, where the 
probability of occurrence of these events are reduced with explicit work activities 
captured in the Risk Register as Handling tasks. 

On complex projects there are also statistically random processes affecting work 
durations, technical attributes, labor and facilities, and cost. These naturally occurring 
deviations from a desired state, a planned duration, or some technical performance 
parameter are irreducible. It is useful to separate these two types of uncertainties in the 
risk model in order to be clear on which uncertainties have the potential of being 
reduced or not. [70] More importantly, reducible uncertainty, Epistemic, may introduce 
dependencies between probabilistic risk events, that may not be properly modeled if 
their character is not correctly identified. [1] 
Uncertainty can be modeled as knowable in principle, fundamentally unknowable (random), or a combination of the two. [110] 

 
Figure 2 – the data elements and their interactions needed to increase the probability of project 

success at with a Programmatic Architecture for managing the project in the presence of reducible and 
irreducible uncertainty.

FRAMEWORK FOR TECHNICAL, COST, AND SCHEDULE UNCERTAINTIES

Uncertainties have many sources and drivers. Some are model related, some are parameter related. 
Parameter related uncertainties come in two categories - aleatoric and epistemic. [71]  How Is the 
Degree of Uncertainty Modeled for the Probability of Program Success? 

To answer this question, uncertainties impacting the probability of project success need to 
be separated into two categories. If the uncertainty can be reduced with work effort, it is 
labeled Epistemic. If there is a random process creating the uncertainty, no possibility of 
reducing the uncertainty, it is labeled Aleatory. 

Programs containing data and processes shown in Figure 2 are complex. Models that 
attempt to simulate the risks to project success are many times simplified mathematical 
representations of complex phenomena. [87] This risk assessment uses probabilistic models 
for future events, identifying needed corrections and preventions of the outcome a risk 
created by these uncertainties. This traditional approach to risk analysis and management 
constructs a Risk Register containing probabilistic events, where the probability of 
occurrence of these events are reduced with explicit work activities captured in the Risk 
Register as Handling tasks.

On complex projects there are also statistically random processes affecting work durations, 
technical attributes, labor and facilities, and cost. These naturally occurring deviations 
from a desired state, a planned duration, or some technical performance parameter are 
irreducible. It is useful to separate these two types of uncertainties in the risk model in 
order to be clear on which uncertainties have the potential of being reduced or not. [70] 
More importantly, reducible uncertainty, Epistemic, may introduce dependencies between 
probabilistic risk events, that may not be properly modeled if their character is not correctly 
identified. [1]

Uncertainty can be modeled as knowable in principle, fundamentally unknowable (random), or a 
combination of the two. [110] Uncertainty must be properly modeled to quantify risk between the 
inherent variability with sufficient data (Aleatory) and uncertainty from the lack of knowledge 
(Epistemic).

RISKS, THEIR SOURCES, AND THEIR HANDLING STRATEGIES

Risk identification during early design phases of complex systems is commonly implemented but 
often fails to identify events and circumstances that challenge project performance. Inefficiencies in 
cost and schedule estimates are usually held accountable for cost and schedule overruns, but the true 
root cause is often the realization of programmatic risks. A deeper understanding of frequent risk 
identification trends and biases pervasive during space system design and development is needed, for 
it would lead to improved execution of existing identification processes and methods. [95], [96], [97]
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9) Aleatory is mentioned 55 times 
and Epistemic 120 in NASA/
SP-2011-3421, Second Edition, 
December 2011, “Probabilistic Risk 
Assessment Procedure Guide for 
NASA Managers and Practitioners.” 
10 times for Epistemic and 11 for 
Aleatory in NASA/SP-2010-576, 
“Risk-Informed Decision Making 
Handbook.” [84] 

Risk management means building a model of the risk, the impact of the risk on the project, 
and a model for handling of the risk, since it is a risk, the corrective or preventive action has 
not occurred yet. [40], [67], [88], [108], [118]

Probabilistic Risk Assessment (PRA) is the basis of these models and provides the 
Probability of Program Success Probabilities result from uncertainty and are central to the 
analysis of the risk. Scenarios, model assumptions, with model parameters based on current 
knowledge of the behavior of the system under a given set of uncertainty conditions. [79]

The source of uncertainty must be identified, characterized, and the impact on project success 
modeled and understood, so decisions can be made about corrective and preventive actions needed 
to increase the Probability of Program Success.

Since risk is the outcome of Uncertainty, distinguishing between the types of uncertainty 
in the definition and management of risk on complex systems is useful when building risk 
assessment and management models. [53], [57], [67], [79], [124]

• Epistemic Uncertainty - from the Greek επιστηµη (episteme), meaning knowledge of 
uncertainty due to a lack of knowledge of quantities or processes of the system or the 
environment. Epistemic uncertainty is represented by the ranges of values for parameters, 
a range of workable models, the level of model detail, multiple expert interpretations, 
and statistical confidence. Epistemic uncertainty derives from a lack of knowledge about 
the appropriate value to use for a quantity that is assumed to have a fixed value in the 
context of a particular analysis. The accumulation of information and implementation of 
actions reduce epistemic uncertainty to eliminate or reduce the likelihood and/or impact 
of risk. This uncertainty is modeled as a subjective assessment of the probability of our 
knowledge and the probability of occurrence of an undesirable event. 

Incomplete knowledge about some characteristics of the system or its environment are primary 
sources of Epistemic uncertainty.

• Aleatory Uncertainty - from the Latin alea (a single die in Latin) is the inherent variation 
associated with a physical system or the environment. Aleatory uncertainty arises from 
an inherent randomness, natural stochasticity, environmental or structural variation 
across space and time in the properties or behavior of the system under study. [3] The 
accumulation of more data or additional information cannot reduce aleatory uncertainty. 
This uncertainty is modeled as a stochastic process of an inherently random physical 
model. The projected impact of the risk produced by Aleatory uncertainty can be 
managed through cost, schedule, and/or technical margin.

Naturally occurring variations associated with the physical system are primary sources of Aleatory 
uncertainty.

There is a third uncertainty found on some projects that is not addressed by this White 
Paper, since this uncertainty is not correctable. 

• Ontological Uncertainty - is attributable to the complete lack of knowledge of 
the states of a system. This is sometimes labeled an Unknowable Risk. Ontological 
uncertainty cannot be measured directly.

Ontological uncertainty creates risk from Inherent variations and incomplete information 
that is not knowable.

SEPARATING ALEATORY AND EPISTEMIC UNCERTAINTY FOR RISK 
MANAGEMENT

Knowing the percentage of reducible uncertainty versus irreducible uncertainty is needed 
to construct a credible risk model. Without the separation, knowing what uncertainty 
reducible and what uncertainty is irreducible inhibits the design of the corrective and 
preventive actions needed to increase the probability of project success.9

Separating uncertainties increases the clarity of risk communication, making it clear which 
type of uncertainty can be reduced and cannot be reduced. For irreducible risk, only margin 
can be used to protect the project from the uncertainty. [14], [69]
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As uncertainty increases, the ability to precisely measure the uncertainty is reduced so a 
direct estimate of risk can no longer be assessed through a mathematical model. While a 
decision in the presence of uncertainty must still be made, deep uncertainty and poorly 
characterized risks lead to absence of data and risk models in the project’s business and 
technical domain. [74] 

EPISTEMIC UNCERTAINTY CREATES REDUCIBLE RISK
Risk created by Epistemic Uncertainty represents resolvable knowledge, with elements 
expressed as probabilistic uncertainty of a future value related to a loss in a future period 
of time. [7], [125] This lack of knowledge provides the opportunity to reduce uncertainty 
through direct corrective or preventive actions. [68]

Epistemic uncertainty, and the risk it creates, is modeled with the probability that the risk 
will occur, the time frame in which that probability is active, and the probability of an impact 
or consequence from the risk when it does occur, and the probability of the residual risk 
when the handing of that risk has been applied. 

Epistemic uncertainty statements define and model these event-based risks:
• If-Then - if we miss our next milestone then the project will fail to achieve its business 

value during the next quarter.
• Condition-Concern - our subcontractor has not provided enough information for us to 

status the schedule, and our concern is the schedule is slipping and we do not know it.
• Condition-Event-Consequence - our status shows there are some tasks behind schedule, 

so we could miss our milestone, and the project will fail to achieve its business value in 
the next quarter. 

For these types of risks, an explicit or an implicit risk handling plan is needed. The 
word handling is used with special purpose. “We Handle risks” in a variety of ways. 
Mitigation is one of those ways. To handle the risk, new effort (work) must be introduce into 
the schedule. We are buying down the risk, or we are retiring the risk by spending money 
and/or consuming time to reduce the probability of the risk occurring. Or we could be 
spending money and consuming time to reduce the impact of the risk when it does occur. In 
both cases actions are taken to address the risk.

Reducible Cost Risk
Reducible cost risk is associated with unidentified reducible Technical risks, changes in 
technical requirements and their propagation that impacts cost. [13] Understanding the 
uncertainty in cost estimates supports decision making for setting targets and contingencies, 
risk treatment planning, and the selection of options in the management of project costs. 
Before reducible cost risk can take place, the cost structure must be understood. Cost risk 
analysis goes beyond capturing the cost of WBS elements in the Basis of Estimate and the 
Cost Estimating Relationships. This involves:

• Development of quantitative modelling of integrated cost and schedule, incorporating 
the drivers of reducible uncertainty in quantities, rates and productivities, and the 
recording of these drivers in the Risk Register.

• Determining how cost and schedule uncertainty can be integrated in the analysis of the 
cost risk model

• Performing sensitivity analysis to provide understanding of the effects of reducible 
uncertainty and the allocation of contingency amounts across the project. 

Reducible Schedule Risk

While there is significant variability, for every 10% in Schedule Growth there is a corresponding 12% 
Cost Growth. [16]

Schedule Risk Analysis (SRA) is an effective technique to connect the risk information of 
project activities to the baseline schedule, to provide sensitivity information of individual 
project activities to assess the potential impact of uncertainty on the final project duration 
and cost. 

Schedule risk assessment is performed in 4 steps:
1. Baseline Schedule - Construct a credible activity network compliant with GAO-16-

89G, “Schedule Assessment Guide: Best Practices for Project Schedule.”
2. Define Reducible Uncertainties - for activity durations and cost distributions from 

the Risk Register and assign these to work activities affected by the risk and/or the 
work activities assigned to reduce the risk. 

3. Run Monte-Carlo simulations - for the schedule using the assigned Probability 
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10) Technical debt is a term 
used in the Agile community to 
describe eventual consequences 
of deferring complexity or 
implementing incomplete 
changes. As a development team 
progresses there may be additional 
coordinated work that must be 
addressed in other places in the 
schedule. When these changes 
do not get addressed within the 
planned time or get deferred for 
a later integration, the project 
accumulates a debt that must be 
paid at some point in the future. 

11) The use of Design Structure 
Matrix provides visibility and 
modeling of these dependencies. 
Many models consider the 
dependencies as statistic or 
fixed at some value. But the 
dependencies are dynamic driven 
by nonstationary stochastic 
processes, that evolve as the 
project evolves.

Distribution Functions (PDFs), using the Min/Max values of the distribution, for 
each work activity in the IMS.

4. Interpret Simulation Results - using data produced by the Monte Carlo Simulation, 
including at least: [113] 

• Criticality Index (CI): Measures the probability that an activity is on the critical path. [26], [27]
• Significance Index (SI): Measures the relative importance of an activity. [115], [116]
• Schedule Sensitivity Index (SSI): Measures the relative importance of an activity taking 

the CI into account. [92], [115], [116]
• Cruciality Index (CRI): Measures the correlation between the activity duration and the 

total project duration. [115], [116] 

Reducible Technical Risk
Technical risk is the impact on a project, system, or entire infrastructure when the outcomes 
from engineering development do not work as expected, do not provide the needed 
technical performance, or create higher than planned risk to the performance of the system. 
Failure to identify or properly manage this technical risk results in performance degradation, 
security breaches, system failures, increased maintenance time, and significant amount of 
technical debt10 and addition cost and time for end item deliver for the project.

Reducible Cost Estimating Risk
Reducible cost estimating risk is dependent on technical, schedule, and programmatic risks, 
which must be assessed to provide an accurate picture of project cost. Cost risk estimating 
assessment addresses the cost, schedule, and technical risks that impact the cost estimate. 
To quantify these cost impacts from the reducible risk, sources of risk need to be identified. 
This assessment is concerned with three sources of risk and ensure that the model 
calculating the cost also accounts for these risks: [47]

• The risk inherent in the cost estimating method. The Standard Error of the Estimate 
(SEE), confidence intervals, and prediction intervals. 

• Risk inherent in technical and programmatic processes. The technology’s maturity, 
design and engineering, integration, manufacturing, schedule, and complexity. [121]

• The risk inherent in the correlation between WBS elements, which decides to what 
degree one WBS element’s change in cost is related to another and in which direction. 
WBS elements within the system have positive correlations with each other, and the 
cumulative effect of this positive correlation increases the range of the costs.11

Unidentified reducible Technical Risks are often associated with Reducible Cost and Schedule risk.

Aleatory Uncertainty Creates Irreducible Risk
Aleatory uncertainty and the risk it creates comes not from the lack of information, but from 
the naturally occurring processes of the system. For aleatory uncertainty, more information 
cannot be bought nor specific risk reduction actions taken to reduce the uncertainty 
and resulting risk. The objective of identifying and managing aleatory uncertainty to be 
preparing to handle the impacts when risk is realized. 

The method for handling these impacts is to provide margin for this type of risk, including cost, 
schedule, and technical margin. 

Using the NASA definition, Margin is the difference between the maximum possible value 
and the maximum expected Value and separate from Contingency. Contingency is the 
difference between the current best estimates and maximum expected estimate. For 
systems under development, the technical resources and the technical performance values 
carry both margin and contingency. 

Schedule Margin should be used to cover the naturally occurring variances in how long it 
takes to do the work. Cost Margin is held to cover the naturally occurring variances in the 
price of something being consumed in the project. Technical margin is intended to cover the 
naturally occurring variation of technical products.

Aleatory uncertainty and the resulting risk are modeled with a Probability Distribution 
Function (PDF) that describes the possible values the process can take and the probability 
of each value. The PDF for the possible durations for the work in the project can be 
determined. Knowledge can be bought about the aleatory uncertainty through Reference 
Class Forecasting and past performance modeling. [19], [43], [124] This new information 
then allows us to update - adjust - our past performance on similar work will provide 
information about our future performance. But the underlying processes is still random, and 
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12) FAR 31.205-7 defines 
“contingency” as a probable 
future event or condition arising 
from presently known or unknown 
causes, the outcome of which is 
indeterminable at the present time. 
In “An Analysis of Management 
Reserve Budget on Defense 
Acquisition Contracts,” David 
Christensen and Carl Templin, 9th 
Conference on the Society of Cost 
Estimating and Analysis, June 13-
16, 2000.

our new information simply created a new aleatory uncertainty PDF.

The first step in handling Irreducible Uncertainty is the creation of Margin. Schedule margin, 
Cost margin, Technical Margin, to protect the project from the risk of irreducible uncertainty. 
Margin is defined as the allowance in budget, programed schedule … to account for 
uncertainties and risks. [82]

Margin is quantified by:
• Identifying WBS elements that contribute to margin.
• Identifying uncertainty and risk that contributes to margin.

Irreducible Schedule Risk
Programs are over budget and behind schedule, to some extent because uncertainties are 
not accounted for in schedule estimates. Research and practice are now addressing this 
problem, often by using Monte Carlo methods to simulate the effect of variances in work 
package costs and durations on total cost and date of completion. However, many such 
project risk approaches ignore the significant impact of probabilistic correlation on work 
package cost and duration predictions. [9], [64]

Irreducible schedule risk is handled with Schedule Margin which is defined as the amount 
of added time needed to achieve a significant event with an acceptable probability of 
success. [5] Significant events are major contractual milestones or deliverables. [91]

With minimal or no margins in schedule, technical, or cost present to deal with unanticipated risks, 
successful acquisition is susceptible to cost growth and cost overruns. [102]

The Program Manager owns the schedule margin. It does not belong to the client nor 
 can it be negotiated away by the business management team or the customer. This is the 
primary reason to CLEARLY identify the Schedule Margin in the Integrated Master Schedule. 
[36] It is there to protect the project deliverable(s). Schedule margin is not allocated to 
over-running tasks, rather is planned to protect the end item deliverables.

The schedule margin should protect the delivery date of major contract events or 
deliverables. This is done with a Task in the IMS that has no budget (BCWS). The duration 
of this Task is derived from Reference Classes or Monte Carlo Simulation of aleatory 
uncertainty that creates risk to the event or deliverable. [19], [89]

The IMS, with schedule margin to protect against the impact aleatory uncertainty, represents the most 
likely and realistic risk-based plan to deliver the needed capabilities of the project.12

Cost Contingency 

Cost Contingency is a reserved fund held by the Buyer’s Program Manager, added to the base cost 
estimate to account for cost uncertainty. It is the estimated cost of the “known-unknowns” cost risk 
that impact the planned budget of the project. This contingency is not the same as Management 
Reserve, rather this Cost Contingency is not intended to absorb the impacts of scope changes, 
escalation of costs, and unforeseeable circumstances beyond management control. Contingency is 
funding that is expected to be spent and therefore is tightly controlled.

Contingency funds are for risks that have been identified in the project12

Irreducible cost risk is handled with Management Reserve and Cost Contingency are project 
cost elements related to project risks and are an integral part of the project’s cost estimate. 
Cost Contingency addresses the Ontological Uncertainties of the project. The Confidence 
Levels for the Management Reserve and Cost Contingency are based on the project’s risk 
assumptions, project complexity, project size, and project criticality. [33]

When estimating the cost of work, that resulting cost number is a random variable. Point 
estimates of cost have little value in the presence of uncertainty. The planned unit cost of a 
deliverable is rarely the actual cost of that item. Covering the variance in the cost of goods 
may or may not be appropriate for Management Reserve. 

Assigning Cost Reserves needs knowledge of where in the Integrated Master Schedule these 
cost reserves are needed. The resulting IMS, with schedule margin, provides locations in 
the schedule where costs reserves aligned with the planned work and provides the ability 
to layer cost reserves across the baseline to determine the funding requirements for the 
project. This allows the project management to determine realistic target dates for project 
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13) Apologies to Mulder and Scully 
and the X-Files.

deliverables and the cost reserves - and schedule margin - needed to protect those delivery 
dates. [81]

Irreducible Technical Risk

The last 10 percent of a project’s technical performance development work generates one-third of the 
cost and two-thirds of the problems - Norman Augustine’s 15th Law. [10]

Margin is the difference between the maximum possible value and the maximum expected 
Value and separate that from contingency is the difference between the current best 
estimates and maximum expected estimate, then for the systems under development, the 
technical outcome and technical performance values both carry margin and contingency. 

• Technical Margin and Contingency serve several purposes:
 – Describe the need for and use of resource margins and contingency in system 

development.
 – Define and distinguish between margins and contingency.
 – Demonstrate that, historically, resource estimates grow as designs mature.
 – Provide a representative margin depletion table showing prudent resource 

contingency as a function of project phase.

For any system, in any stage of its development, there is a maximum possible, maximum 
expected, and current best estimate for every technical outcome. The current best estimate 
of a technical performance changes as the development team improves the design and the 
understanding of that design matures.

For a system in development, most technical outcomes should carry both margin and 
contingency. Typical spacecraft outcomes include: mass, end-of-life power, average and 
peak data rate, propellant, and data storage. As designs mature, the estimate of any 
technical resource usually grows. This is true historically and, independent of exactly why, 
development programs must plan for it to occur. [78]

The goal of Technical Margin (unlike Cost and Schedule Margin) is to reduce the margins 
(for example Size Weight and Power) to as close to zero as possible, to maximize mission 
capabilities. The technical growth and its handling include:

• Expected technical growth - contingency accounts for expected growth
 – Recognize mass growth is historically inevitable.
 – As systems mature through their development life cycle, with better understanding of 

the design emerging from conceptual to actual designs. 
 – Requirements changes often increase resource use

• Unplanned technical growth - margins account for unexpected growth
 – Recognize space system development is challenging
 – Programs encounter “unknown unknowns” with the use of new technology that is 

difficult to gauge, that develop into uncertainties in design and execution of the 
project, all the way to manufacturing variations.

ONTOLOGICAL UNCERTAINTY
On the scale of uncertainty - from random naturally occurring processes (aleatory) to the 
Lack of Knowledge (epistemic), Ontological uncertainty lies at the far end of this continuum 
and is a state of complete ignorance. [109] Not only are the uncertainties not known, the 
uncertainties may not be knowable. While the truth is out there,13 it cannot be accessed 
because it is simply not known where to look in the first instance. NASA calls it operating 
outside the experience base, where things are done for the first time and operate in a state 
of ignorance.

Management of uncertainty is the critical success factor of effective project management. 
Complex programs and the organizations that deliver them organizations can involve people 
with different genders, personality types, cultures, first languages, social concerns, and/or 
work experiences. 

Such differences can lead to ontological uncertainty and semantic uncertainty. 
Ontological uncertainty involves different parties in the same interactions having different 
conceptualizations about what kinds of entities inhabit their world; what kinds of 
interactions these entities have; how the entities and their interactions change as a result 
of these interactions. Semantic uncertainty involves different participants in the same 
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interactions giving different meanings to the same term, phrase and/or actions. Ontological 
uncertainty and semantic uncertainty can lead to intractable misunderstandings between 
people. [44], [99]

When new technologies are introduced into these complex organizations, concepts, 
principles and techniques may be fundamentally unfamiliar and carry a higher degree 
of ontological uncertainty than more mature technologies. A subtler problem is 
these uncertainties are often implicit rather than explicit and become an invisible and 
unquestioned part of the system. When epistemic and ontological uncertainty represents 
our lack of knowledge, then reducing the risks produced by this uncertainty requires 
improvement in our knowledge of the system of interest or avoiding situations that increase 
these types of uncertainty. To reduce Epistemic and Ontological uncertainty there must be 
a reduction in the uncertainty of the model of system behavior (ontology) or in the model’s 
parameters (epistemology).

Data and Processes Needed to Reduce Risk and Increase the Probability of Success
The data and processes needed by the Buyer to increase the probability of project success 
are in Figure 3, starting with data in Figure 2.

Each input data item should be held in the Performance Measurement Baseline (PMB) and 
supporting documents. Each process should be defined in some form of Command Media 
or Earned Value Management Systems Description. Each outcome should be used to inform 
the decision makers on the increasing probability of project success.

For each of the data items and processes that consumes or produces this data, there is risk. 
Reducible risk and Irreducible risk. Table 3 describes the source of the uncertainty and the 
Aleatory and or Epistemic Uncertainty associated with the data or process. Table 5 describes 
the outputs from the processes using the Input data. Each of these outputs has uncertainty 
as well. Reducible and Irreducible uncertainty which creates risk that must be handled.

Each Input, Process, and Output needs to be assessed for uncertainties, if any, and their impact on 
the probability of project success. If there is impact, a handling plan or margin needs to be in place to 
reduce the uncertainty to an acceptable level.

 Risk Impact on Probability of Program Success 
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Figure 3 ‒ The data and processes needed from the Buyer to increase the probability of project success. The 

connections between the data and the process is representative of the typical project in the space and defense 
business domain over the lifecycle of a project. These connections and data are the basis of the Business Rhythm. 

Each data and process item in Figure 3 has risk created by the Aleatory and Epistemic 
uncertainties shown Table 3, Table 4, and Table 5. 

Table 3 – The risks associated with the Inputs needed to increase the Probability of Program Success. 
Input Data Needed to Increase Probability of Program Success 

Inputs Aleatory Risk Epistemic Risk 
Needed Customer 
Capabilities and 
Requirements 

Aleatory uncertainties derived 
from Reference Classes and 
other models applied to 
Capabilities. 

Epistemic uncertainties derived from 
system engineering model of needed 
Capabilities 

Time Phased Available 
Budget 

Variance in spend plan and 
variances in efficacy of that 
spend to produce value must 
have margin to assure sufficient 
budget is allocated to produce 
the planned product value for 
the planned cost. 

Probabilistic risks require planned work 
effort to reduce the uncertainty and buy 
down the risk at the planned point in the 
schedule. 

Desired Completion Date 
with Interim Measures of 
Maturity 

Confidence intervals around the delivery dates in the IMS and other 
planning documents must be produced with modeling processes using 
both reducible and irreducible uncertainties. 

Figure 3 - The data and processes needed from the Buyer to increase the probability of project success. 
The connections between the data and the process is representative of the typical project in the space 

and defense business domain over the lifecycle of a project. These connections and data are the basis of 
the Business Rhythm.
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Each data and process item in Figure 3 has risk created by the Aleatory and Epistemic 
uncertainties shown Table 3, Table 4, and Table 5.

Input Data Needed to Increase Probability of Program Success

Inputs Aleatory Risk Epistemic Risk

Needed Customer Capabilities 
and Requirements

Aleatory uncertainties derived 
from Reference Classes and 
other models applied to 
Capabilities.

Epistemic uncertainties derived 
from system engineering model 
of needed Capabilities

Time Phased Available Budget Variance in spend plan and 
variances in efficacy of that 
spend to produce value must 
have margin to assure sufficient 
budget is allocated to produce 
the planned product value for 
the planned cost.

Probabilistic risks require 
planned work effort to reduce 
the uncertainty and buy down 
the risk at the planned point in 
the schedule.

Desired Completion Date with 
Interim Measures of Maturity

Confidence intervals around the delivery dates in the IMS and other 
planning documents must be produced with modeling processes 
using both reducible and irreducible uncertainties.

Available technologies and their 
maturity assessment

Unaddressed Variances in the 
maturity of the technologies.

Unmitigated risks in the 
technology.

Time phased skills mix and their 
availability

Variances in the availability 
of the skills and the efficacy 
of those skills to produce the 
needed value.

Unaddressed efficacy of staff. 

Historical Uncertainties for each 
Reference Class of Work

Past performance of efficacy of 
labor absorption.

Past technical performance of 
products, services, components, 
or systems.

Table 3 – The risks associated with the Inputs needed to increase the Probability of Program Success.

Processes Needed to Increase Probability of Program Success

Source Aleatory Risk Epistemic Risk

Define Done in Units of Measure 
Meaningful to the Decision 
Makers.

Naturally occurring variances 
in each of the measures - MOE, 
MOP, TPM, KPP.

Event based uncertainties in 
each of the measures - MOE, 
MOP, TPM, KPP.

Develop the Plan and Schedule 
to reach Done as planned.

For both reducible and irreducible uncertainties, the Plan and 
Schedule must include the margin and risk reduction work 
activities. These processes must be captured in the Risk Register, 
but work needed to deal with them must be shown the IMP/IMS.

Define the Resources needed to 
reach Done as planned.

For both reducible and irreducible uncertainties, the resource 
management processes must assure the margin and risk reduction 
work activities are properly staffed. These processes must be 
captured in the Risk Register, but work needed to deal with them 
must be shown the IMP/IMS.

Adjust Plan for reducible and 
Irreducible risks.

With the identified reducible and irreducible uncertainties, vertical 
and horizontal traceability must be visible in the IMP/IMS.

Finalize the Risk adjusted 
measures of progress toward 
Done.

For each identified uncertainty and resulting risk, assess impact 
on the MOE, MOP, TPM, and KPP in the IMP/IMS and provide 
reduction plan or margin to assure risk is reduced as needed to 
increase the probability of project success.

Table 4 - The risks associated with the Processes needed to increase the Probability of Program Success.
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Outputs Data Needed to Increase Probability of Program Success

Output Aleatory Risk Epistemic Risk

Work Breakdown 
Structure

Identify aleatory risks by WBS element. Identify Epistemic risk by WBS 
element.

Integrated Master 
Plan

Identify aleatory risks by IMP element. Identify Epistemic risk by IMP 
element.

Technical 
Performance Plan 
with TPM’s

Define Technical Performance Plan 
assurance in the presence of aleatory 
uncertainties.

Define epistemic risk buy 
down plan for each Technical 
Performance Measure.

Initial Integrated 
Master Schedule 

The IMS at ATP and possibly IBR will 
not have sufficient reference class data 
to a credible assessment of Aleatory 
uncertainty.

Event based uncertainty are likely 
in the future, so credible modeling 
of Epistemic uncertainty requires 
more maturity.

Adjusted Integrated 
Master Schedule

As the project proceeds the fidelity of 
the Reference Class Forecasting data 
improves.

As knowledge is acquired reduction 
in the Epistemic takes place - this is 
the Cone of Uncertainty paradigm.

Time Phased 
Staffing Plan

Natural variances in the productivity 
of the staff creates uncertainty and 
resulting risk.

Event based uncertainty, turnover, 
reassignment, and other disruption 
impact productivity.

Schedule Reserve Naturally occurring variances in the 
work productivity creates risk to 
completing work as planned

Event based uncertainties 
associated with the work processes.

Management 
Reserve 

Management Reserve early, in the 
project is usually based on models built 
during the proposal. As the project 
proceeds better models of aleatory 
uncertainty emerged.

Management Reserve models of 
epistemic uncertainty mature as the 
project proceeds.

Risk Register with 
Mitigation Plans

The Risk Register must contain the 
range of uncertainties for work in the 
IMS.

Risk Register must contain the 
event-based risks, their mitigations, 
and residual risks contained in the 
IMS.

Risk Burn Down 
Plan with Quantified 
Measures of Risk

Reduction in the aleatory uncertainties 
modeled as the Cone of Uncertainty, 
showing the planned risk reduction as 
the project proceeds.

Measurement of the risk burn down 
is subject to epistemic uncertainty 
in the measurement process. As 
well subject to calibration of the 
risk ranking in the burn down 
process.

Table 5 - The risks associated with the outputs of the processes needed to increase the Probability of 
Program Success
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