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LETTER FROM THE EDITOR
Nicholas Pisano

Our efforts in providing a new approach in delivering content to the College of Performance Management 
is inaugurated with this issue of Measurable News. From this point on, Measurable News will be a bi-
annual publication that presents contributions to the literature of integrated project, program, and 
portfolio management, while “Knowledge from the College” will focus on more frequent and timely news 
from our membership and chapters.

The articles in this issue reflect the diversity of thought in our 
community. 

We have an article by a new author—Ramkumar Arumugam—
who discusses the soft skills required in attracting and 
managing a Millennial workforce. In the article Ramkumar 
defines generational identity and the perspectives that 
distinguish each of the generations, and how those differences 
are best addressed by managers. This is a compelling article 
and is provided in this issue because soft skills are most 
often the most important aspect of success and failure in any 
enterprise.

Years ago, when my own generation of Baby Boomers were 
in their prime working years—having been tagged the “TV 
Generation” by our elders when we were in our youth—we 
tried to project how the world would change when, what we 
dubbed as the “Nintendo Generation”, reached their prime 
working years. We now realize that world through the advance 
of social media, streaming technologies, and the acceleration 
of information. Engaging with millennials will provide us with 
an on-ramp to the next generation of technological change 
and knowing how to harness the creativeness and unique 
perspectives of this new generation will be essential in our 
roles as mentors, leaders, and managers.

We also continue the series of articles by “Kik” Piney 
regarding extending the assessment of project and program 
performance beyond earned value toward “earned benefit.” 
That is, the potential benefits that result from work that is 
completed at each stage of measured effort, as opposed 
to the financial value of completion to date. In this article 
Mr. Piney provides a basis for measuring earned benefit by 
presenting the results of an actual case study where the 
concept was applied. I hope you find it as interesting and 
compelling as I do.

In returning to our role as a forum for new and groundbreaking 
ideas, we have new research from Walt Lipke regarding the use 
of Earned Schedule (ES) in project performance management. 
In his article, Mr. Lipke discusses the possible conditions under 
which SPI(t) as opposed to other ES factors may be preferable 
as a predictor of schedule duration forecasting. As opposed to 
an assertion of a particular method being superior to another, 
Mr. Lipke, to his credit, reliably (as always) takes a scientific 
approach to the subject and suggests additional research 
using large datasets. 

Finally, we have an article from Michel King and Robin Smith, 
both of NASA, regarding critical path and margin allocation 
in using probabilistic analysis on integrated master schedules 
that proposes a process description on how these elements 
are to be applied across the life-cycle of the program. As 
such, their proposal suggests an important bridge between 
integrated master schedule specifications and real-life 
application of those specifications.

All of our articles are well-sourced, well-written, and logical, 
derived from primary sources and original research. As such, I 
want to personally thank our contributors.

As a forum for new proposals, new perspectives, and new 
research, Measurable News strongly encourages alternative 
views, perspectives, experience, and interpretations of our 
project and program management performance systems, even 
those that may contradict or take issue with any of the articles 
in this issue. We only ask that articles meet our standards of 
intellectual integrity and ethics, clear writing that reflects clear 
thinking, taking an academic and civil approach to the subjects 
at hand.

Only under a healthy intellectual environment that encourages 
a diversity of voices will CPM and performance management 
continue to be essential and vital to our community and the 
public interest. After all—that is what it is about—as opposed 
to ego or personal enrichment.

I look forward to seeing you all at the Integrated Program 
Management Workshop in Baltimore in December. 

Onward and upward.
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At the approach of my first anniversary as President of the College of Performance Management (CPM), 
I am writing to invite you to share in my vision of CPM – a world-class authority and realtime resource 
in all aspects of Integrated Program Performance Management (IPPM).  A lot of changes and new 
developments have occurred in this past year (nationally and internationally) that directly impact every 
person who is in some way related to IPPM.  Within the CPM Board, we are working feverishly to adapt 
our organization to meet and expand beyond the new and growing needs of our constituents in the 
acquisition environment. And it is for that reason that I write to you today.

Our vision for CPM is to be the crossroad to the world of IPPM 
through enhanced professional development, implementation, 
and certification.

Our strategy is to engage you – our members and stakeholders 
– so that we may leverage and maximize our collective energy. 
In this way, we can expand our IPPM reach to collaborate 
directly with both U.S.and international organizations. We 
succeed by your success.

The first evidence of this strategy’s value was the keynote 
speakers at CPM’s EVMWorld 2019 in May of this year. At that 
event, we included Ms. Stacy Cummings for the Office of the 
Secretary of Defense (OSD), Shohreh Ghobani from Project 
Controls Academy (a commercial teacher of earned value 
to non-Defense organizations), and Mr. Jeff Gravatte who 
introduced Building Information Modelling (BIM), a graphically-
integrated visualization of project data for project control. 

Current evidence of this strategy is to connect with our 
members through their personal or corporate involvement 
in CPM chapters. We intend to undergird and support our 
members by helping them to offer local opportunities to share 
best practices among their peers. Also, we continuously look 
for new, technology-enabled, ways to get to communicate with 

our members.   For example, through STREAM, we provide our 
members access to the latest news directly impacting IPPM. 
And, we endeavor to continually expand our methods of more 
effectively meeting our members’ needs. Who knows? Maybe 
we will be conducting “Flash Mobs” at some not-too-distant 
point in the future.

Your active and involved membership is a must to make our 
CPM vision work. Look for a near term list of opportunities in 
which we will invite you to participate.  

In the meantime, if you have any suggestions, no matter 
how far out of the box, please do not hesitate to contact me 
directly at gkranz@mycpm.org  

I look forward to working with you all over the next several 
years, and I look forward to seeing you at IPMW 2019, 
December 10th-12th at the Hyatt Regency Baltimore Inner 
Harbor in Baltimore, Maryland. 

Gordon M. Kranz

MESSAGE FROM THE PRESIDENT
Gordon Kranz



  

 

 

 
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 In the world where millennials that begin to outnumber baby boomers 
and bring in divergent possibilities to the workforce, the managers who 
manage them on their teams must be well equipped with proper skills 
to lead them. The millennials possess unique traits and behaviors which 
needs to be well understood by the managers to lead them effectively. The 
managers who could themselves be millennials should focus on developing 
skills like fostering creativity, trust, creating an environment to fail fast and 
communicating the vision would help in steering the project towards right 
direction.

INTRODUCTION
Human workforce and its intelligence have been at the forefront of all major shifts or 
transformations right from the invention of the wheel to the current digital era. The effort 
to advance the human (user) experiences in all sectors like healthcare, banking, retail etc. 
will continue for ages to come (as long as humans exist) as more and more digital natives 
join the workforce. Industries are going to witness more and more millennials joining their 
journey of digital transformation initiatives. These millennials are going to bring in new 
perspectives and skills to the workplace which will be profoundly different from the earlier 
generation workforce. Let’s look at the different generations of human beings to understand 
better. The figure below depicts the different generations from the last century.

What skills are necessary for Project Managers to manage millennial 
workforce? 
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In the timeline given above, we can see that millennials are the ones who were born in the early 80s. 
Statistics says millennials are expected to overtake Baby Boomers in population in the U.S. in 2019 as their 
numbers swell to 73 million and Boomers decline to 72 million. With these vast numbers, their presence 
will have immense influence in shaping the workplace cultures, while their well-being will continue to define 
the workforce productivity for years to come. As more and more young people inhabit the world, their 
expectations and values continue to evolve and the traditional ways of managing the young minds would 

In the timeline given above, we can see that millennials are the ones who were born in the 
early 80s. Statistics says millennials are expected to overtake Baby Boomers in population in 
the U.S. in 2019 as their numbers swell to 73 million and Boomers decline to 72 million. With 
these vast numbers, their presence will have immense influence in shaping the workplace 
cultures, while their well-being will continue to define the workforce productivity for years 
to come. As more and more young people inhabit the world, their expectations and values 
continue to evolve and the traditional ways of managing the young minds would have to 
be altered to bring out effectiveness and harmony. Top-down approach with bureaucratic 
mindset would not yield the desired results with these younger generations. Top Silicon 
Valley startups almost have flat hierarchies where you get an opportunity to work alongside 
a CTO or even CEO. For example. Zappos has replaced its conventional organizational 
structure with “Holacracy”, a radical “self-governing” operating system that encourages 
fresh ideas by removing roadblocks and inspires modernization to come from anywhere 
within the company. There are few questions that would eventually come up like the one 
below (there may be more),

• How do project managers manage these millennials who have diverse mindsets?
• What skills are necessary for a project manager to effectively deliver results through 

millennials?

SKILLS EVERY PM NEEDS IN MANAGING 
A MILLENNIAL WORKFORCE
By Ramkumar Arumugam
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• How can project managers engage millennials in the workplace and promote a shared 
understanding?

• How can project managers keep millennials focused on the project goal and still 
promote autonomy?

• How can project managers help in instituting the career paths for the millennials based 
on their skillsets? 

Well, project managers need to better be able to understand the behaviors, values, likes and 
dislikes (like do’s and don’ts) of millennials to bring in the best.

UNDERSTANDING MILLENNIALS
First, let’s understand the characteristics and behaviors of the millennials as they will play 
a major role the shaping up the workplace cultures. Remember “Culture eats strategy 
for breakfast” by Peter Drucker. There are many traits or qualities of millennials and I will 
explore some of them which are relevant to the workplace.

Digitally Savvy: The millennials have access to the internet and mobile phones which helps 
them assimilate and digest information. An average millennial spends for about 5-10 hours 
a day online with the assistance of technology around. In the age of information overload, 
as the millennials zip through a whole lot of information, only creative and novel ideas or 
thoughts will hold their attention. They are also good at multi-tasking, unlike the previous 
generations.

Endeavor for Autonomy and Transparency: Millennials expect to make decisions on their 
own at their workplace thus enjoying autonomy. They also love open conversions in the 
workplaces and dislike opaqueness. They like no surprises and feel the need to be kept 
in the loop about what is going on in projects or even where the organization is headed 
to. They also don’t like management dysfunctions where their opinions are not valued and 
become marginalized with others.

Flexible: Millennials prefer flexibility in the workplace as well as with work timings. They 
work towards outcomes rather than following a plan strictly. They would like to work in 
an environment that gives them enough room to maneuver. One study found that 89% of 
millennials surveyed would prefer to choose where and when to work rather than being 
placed in a 9-5 work position. Interestingly in the same survey, 45% of respondents chose 
workplace flexibility overcompensation.

Innovative: They are non-linear problem solvers unlike their earlier generation of traditional 
or linear problem solvers. They want to make quick decisions based on facts and figures and 
most importantly on their own terms.

Collaborative: As authors Van den Bergh and Behrer put it, "Contrary to previous 
generations, Gen Yers were brought up in an atmosphere of equal relationships and co-
decision-making." They have a very positive mindset and can do it together attitude. They 
place a high emphasis on co-working and consensus decision making.

Socially Connected: Millennials are always socially well connected and express their 
opinions and thoughts for a social cause. They don’t shy away from making new friends 
through networking events and their passion to learn through the community. 

SKILLS NEEDED FOR THE PROJECT MANAGER  
(ALSO A MILLENNIAL MANAGER)
Project Managers (most of them who could themselves be millennials) should be thoughtful 
to the qualities and behavioral traits of millennials and also should appreciate the strength 
and weakness of millennials to succeed in the workplace. According to a Future Workplace 
study, 83% of surveyed respondents said they have Millennial managers in their office, but 
nearly half of the older generations believed Millennials were ill-equipped to manage a team. 
There are certain skills needed for sure in managing the Gen Y & Gen Zers. 

Relationship Building: Project Managers should be good at building healthy relationships 
with millennials through various methods like face to face meetings, team building, in 
fact, saying a “thank you” for a job well done etc. Managers should establish trust with 
the millennials through building relationships. One of the best ways to establish trust is 
to provide a safe and conducive environment for them to innovate, experiment and fail. 
Millennials also expect their leaders to stand by them in tough times which can aid in further 
building lasting relationships and workforce effectiveness. Deborah Ancona, the Seley 
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distinguished professor of management at the MIT Sloan School of Management in her book 
X-Teams: How to Build Teams That Lead, Innovate, and Succeed talks about an adaptive 
structure that gives individuals and organizations flexibility in dealing with changing 
circumstances and with different kinds of tasks that shift over time. The role of leadership is 
to figure out a direction and coordinate the different aspects of the team. In one study, 77% 
of the millennials said, it is important for them to have face-to-face meetings.

Developing Emotional Intelligence: The Cambridge dictionary defines “Emotional 
Intelligence” as the ability to understand the way people feel and react and to use this skill 
to make good judgments and to avoid or solve problems. Unlike mathematical or logical 
intelligence, which suffers significant alterations once at the end of adolescence, emotional 
intelligence can be developed over time and does not have an age limit thereafter. By 2020, 
millennials will represent 30% of all dollars spent annually in the U.S., or $1.4 trillion. So 
by effectively managing the relentlessly ambitious millennials, you will be able to control 
the money spent. In January 2017, the Levo Institute surveyed over 2,000 individuals in 
65 countries their thoughts on career (aspirations and concerns), finances (assets and 
expenditures) and digital habits. Stunningly, 87% of millennials revealed a strong connection 
between their motivation to help the company succeed and the emotional intelligence of 
that company’s leaders. By improving emotional intelligence, project managers can boost 
workplace productivity, improve individual and group behaviors and performance, and lower 
staff stress and absenteeism. 

Communicating the Vision: Managers should be able to constantly communicate the vision 
to the millennial workforce as they will be too busy with their work in their organizations. 
Managers are expected to see the bigger picture in terms of where the organization is 
headed or how the team is aligned with their organization strategic vision. It’s not enough 
that the vision statement to be seen the wall rather what employees feel about it. When 
the team members are given a clear destination and a plan on how to get there as well as 
a spotter who can guide them throughout the journey without the team losing its focus, 
the team would more likely to succeed on their expedition and enjoy it as well. It’s just not 
creating and communicating the vision statement once and expect the team to the follow 
relentlessly. It’s more important for the managers to meet the team often to re-emphasize 
on the vision for it to be effective. Great leaders are good at communicating the vision and 
values. It’s the responsibility of managers to clearly articulate the vision clearly and clarify 
any qualms beyond comprehension. 

Leveraging Feedbacks: Long gone are the days of yearly performance reviews or appraisals 
(“Bell Curve” method popularized by Jack Welch) to appraise workforce based on the 
normal distribution curve. Major corporations like Microsoft, Cisco have shed performance 
appraisals and shifted the focus to feedback based frameworks. Feedback mechanisms 
that are continuous have become prominent in most of the organizations nowadays. This 
constant feedback helps both the managers and their team to retrospect what went wrong 
in the past, what corrective and preventive measures can be taken to benefit the individual. 
Regular feedback mechanisms help the millennials inspect and adapt based on the reviews 
from their managers throughout the year, instead of waiting for a whole year to understand 
the past performance and most importantly would never have an opportunity to correct 
their mistakes. Organizations also run pulse of employees surveys to receive feedback from 
its employees and aggregate the responses to understand various aspects like employee 
engagement, empowerment, its culture etc. Today’s successful manager must be able to 
examine the survey data and implement changes that enhance team effectiveness as well as 
their own leadership performance.

Building an Ecosystem: Leaders like Project Managers should attempt to understand the 
millennials in terms of what motivates them to be productive and efficient in the workplace. 
A recent Gallup survey found that “engaged” millennials were nearly 65% less likely to 
move on to another job than “unengaged” millennial workers better. Millennials not only 
worry about compensation and career development alone anymore. In one study, 84% of 
the millennials prefer making a positive impact in the world than recognition. Mentoring 
Millennials help play an important role and helps them associated with the organization 
in a long time. In a Sun Microsystem mentoring program, mentees had a 23% higher 
retention rate than nonparticipants. Managers should also consider career advancements of 
millennial including learning and development. Managers can create avenues like providing 
passes to technical conferences, organizing hackathons inside the organization, providing 
regular training sessions to upskill and crosskill them would foster the engagement and in 
the process would also generate value to the organization. Google’s 20%-time program 
(eventually the program was shut down) has become famous with their employees as they 
can spend time on their pet projects apart from work.
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CONCLUSION
As millennials form more than one-third of US workforce, most of the corporate giants like 
IBM, GE are rolling out campaigns and hiring strategies to lure millennial talents from the 
market. It’s not only important to hire the millennial talent but also the organizations should 
work forward to manage these millennials and retain them to accomplish their vision and 
goals. The most successful organizations are the ones that are able to attract and retain 
the most talented millennials and by successfully doing this will help the organization to 
discover industry breakthroughs. Remember millennials are digital natives who could play a 
vital role in bringing in the values to the organizations as they could easily adopt technology 
to solve workplace or customer’s problem.
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ABSTRACT The tagline of the previous article was “If you can’t track it, you can’t 
manage it” and explained how to determine the contribution to the 
benefits of each component project throughout the lifetime of the 
program. The article finished by pointing out that, although we were now 
in a position to know the contribution of each component project to the 
planned benefits, we did not know how to share the estimated project 
costs between the other components of the model. This article will provide 
an innovative solution to this challenge and present some of the ways in 
which this additional knowledge can improve program decision-making.

REMINDER ON BENEFITS MAPS
The first articles (Piney, 2018b; Piney, 2018c] in this series [Piney, 2018a], explained how 
to build a benefits realization map (BRM) and how to evaluate the contribution of each 
component of this map to forecast the strategic benefits of the total program (the “Benefits 
Allotment Routine” – BAR). These concepts were illustrated on a simple case study. This 
introduction provides a brief reminder of these ideas.

A BRM illustrates how to make the benefits happen. It can be constructed as follows.

Once the anticipated benefits have been defined by the strategic sponsor, you need to 
determine all of the steps that are required to construct this result, thereby allowing you 
to identify the necessary component projects. The dependencies from each logical step to 
the next are quantified for each dependency in the logical chain. The BAR uses the forecast 
value of the strategic objectives in conjunction with this link information to calculate the 
contribution of every node in the BRM to the anticipated benefits. In particular, the BAR 
evaluates the contribution to the anticipated benefits of each component project. This value 
is known as the “Earned Benefit At Completion” (EBAC) of that component project.

The Earned Benefit of a component project at a given point in time is evaluated from its 
EBAC in proportion to the its degree of completion at that point. The Earned Benefit of the 
total program is defined as the sum of all of the project Earned Benefits.

From this starting position, a more general approach to evaluating various numerical 
characteristics of the components of benefits maps will be developed in the current article.

CLARIFICATIONS
I received the following comments on the previous article (Piney, 2018c) and will address 
them here to remove any misunderstandings it may have produced:

1. “… [The] only possible ‘benefits’ that I can imagine would come in the form of cost savings.”

• Cost saving is not so much a benefit as a project performance indicator. However, I 
am addressing programs, and I should obviously have provided my definition of a 
benefit in this context. A program benefit is defined as: “An improvement of one or 
more strategic or business-related results. Program benefits are normally set as a 
goal by senior management along with the corresponding, quantified objectives”. For 
example, an underground mining project (Wibikskana, 2012) would normally be one of 
the components of a program that also needed to address power generation, storage 
and distribution of the extracted product, environmental considerations, etc. in order 
to obtain benefits such as profits, market share etc., while avoiding disbenefits to 
reputation due to environmental issues caused by the mining operations. These program 
benefits accrue to the mining company in this case, whereas project cost savings are 
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a main consideration for the mining contractor. For this reason, the program manager 
should use the Earned Benefit Method (EBM), whereas the project manager would apply 
the Earned Value Method (EVM).

2. “I don't understand how you calculated the Benefits in Figure 1?”

• In Figure 1, the overall program benefits as defined by the dollar values of the strategic 
outcome (node K) are specified as an objective by senior management. The way in 
which business objectives are set and quantified by senior management is the domain 
of strategy setting and is outside the immediate scope of the program manager. In 
general, the problem of valuing non-financial benefits is still the subject of debate 
(see for example SROI 2012). However, the article described in detail how to evaluate 
the contribution of each of the other components of the benefits map, including 
the benefits contributions of each of the component projects, once these quantified 
strategic objectives had been specified.

3. “How can you claim to measure benefits when the project has yet to be completed? […] 
Asked another way, how can Activity A produce any measurable benefits until Activities C 
and D are also finished and the services actually implemented?”

• My previous article did not address the challenge of measuring benefits. It presented  
the concept of “Earned Benefit” during program execution as a direct extension of the 
Earned Value approach to project performance measurement. As such, it measures the 
potential result of the work completed at each stage. To give a practical example, as a 
freelance consultant, I know full well that earning my fee and receiving payment are two 
related, but very separate, events.

• I intend to return to this fundamental question of “earned” vs. “delivered” in more detail 
in the next article in the series, but this will require the additional concepts that will be 
developed in the current article.

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 by senior management has shown that increased customer satisfaction with 
after-sales support enhances business results and has the potential for delivering a 
additional revenue of €300,000 per annum compared with the current level of business, 
but that this service will also lead to an increase in operational costs amounting to 25% 
of the corresponding financial improvement, thereby reducing the net benefit by the 
corresponding amount.

In the previous articles, the steps to achieving this benefit were developed and quantified, 
all the way back from the required strategic outcome across to identifying the projects 
required. The corresponding benefits map for this program, including the financial numbers 
mentioned above, is shown in Figure 1. One notable 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 the program than it contributes to the final benefit. The 
first article, however, explained why its inclusion may well be justified. More information is 
needed before a decision can be made reliably on whether or not to exclude this project.
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Figure 1: Complete Benefits Map 

In its current state, there are several important questions that the map does not answer, such 
as “how much are we committing to spend on Effective Customer Communication”? Finding 
the answer to this type of question entails developing a novel approach to allocation 
distribution that is missing from all of the earlier benefits management literature. This 
allocation distribution technique, as presented below, is also the basis for expanding the 
method to provide many additional capabilities required to manage programs effectively.  

Required Characteristics of the Allocation Distribution Technique 

After developing a rather unstructured list of potential options for developing the required 
algorithm, I realized that I needed to define some clear criteria that it had to satisfy, in the 
hope that this would reduce the set of remaining options to exactly one. This turned out to be 
the case. 

I defined two necessary and sufficient criteria: compactness and equivalence. 

The “compactness” principle states that the technique should use only the data already 
provided – that is to say: the structure of the map, the strategic contributions, the allocations 
to the component projects, and the contribution fractions. This is a constraint that I have not 
seen in other publications on benefits mapping. This principle excludes, for example, asking 
stakeholders to propose values for the allocation fractions. This exclusion has the major 
advantage of avoiding any increase in the subjectivity of the model while also eliminating the 
threat of stakeholders attempting to “game” the model at this point for personal or political 
reasons. 

The “equivalence” principle is less obvious. My “aha!” moment came when I considered the 
very special case in which, for each project, its allocation is exactly equal to the corresponding 
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such as “how much are we committing to spend on Effective Customer Communication”? 
Finding the answer to this type of question entails developing a novel approach to allocation 
distribution that is missing from all of the earlier benefits management literature. This 
allocation distribution technique, as presented below, is also the basis for expanding the 
method to provide many additional capabilities required to manage programs effectively.

Required Characteristics of the Allocation Distribution Technique
After developing a rather unstructured list of potential options for developing the required 
algorithm, I realized that I needed to define some clear criteria that it had to satisfy, in the 
hope that this would reduce the set of remaining options to exactly one. This turned out to 
be the case.

I defined two necessary and sufficient criteria: compactness and equivalence.

The “compactness” principle states that the technique should use only the data already 
provided – that is to say: the structure of the map, the strategic contributions, the 
allocations to the component projects, and the contribution fractions. This is a constraint 
that I have not seen in other publications on benefits mapping. This principle excludes, for 
example, asking stakeholders to propose values for the allocation fractions. This exclusion 
has the major advantage of avoiding any increase in the subjectivity of the model while 
also eliminating the threat of stakeholders attempting to “game” the model at this point for 
personal or political reasons.

The “equivalence” principle is less obvious. My “aha!” moment came when I considered 
the very special case in which, for each project, its allocation is exactly equal to the 
corresponding evaluated contribution. Put another way, each of the projects in this case 
precisely breaks even: the cost allocation could then be said to be “equivalent” to the 
benefit contribution. This led to the equivalence principle that states that, if the project 
side of the model, calculated from right to left using the existing BAR algorithm, indicates 
that each project breaks even (i.e. allocation = contribution), then the required left-to-right 
algorithm for calculating the allocations should also deliver break-even values for all of the 
other nodes in the map.

The goal therefore becomes to find a “break-even everywhere routine” (or BEER) that uses 
only the data already defined for a benefits map.

The details of the algorithm to provide the BEER can be found in my book (referred to in 
the biography at the end of this article). However, in this article, the aim is to show how this 
addition to the existing set of benefits management tools can be applied to provide greater 
insight and control over the program.



16 The Measurable News     2019.01    |    mycpm.org

The BAR and the BEER
As stated above, the BAR provides a right-to-left set of calculations that take the overall 
benefits contributions of the right-hand side and allot the predefined fractions of these 
contributions to each of the other nodes that compose the benefits map. As just explained, 
the BEER provides the corresponding set of left-to-right calculations that distribute the cost 
allocations assigned to the component projects across the benefits map in a manner that 
mirrors the results of the BAR. This ensures that, if you apply the (right-to-left) BAR on the 
benefits to find the contribution of each component project, and then apply the (left-to-
right) BEER starting from the calculated component project contributions, you identically 
regenerate all of the other contribution numbers as delivered from the BAR. Another way 
of looking at this is that, given the contribution of any node, you can diffuse it to the right 
using the BEER and to the left using the BAR. The result of applying the BEER, as well as 
some of the ways in which this technique and the equivalence principle can be applied are 
presented in more detail below. Additional uses will be described in subsequent articles in 
this series, and others are provided in more detail, in the book.

Applying the BEER
The results of applying the BEER to the case study are given in Figure 2, showing the cost 
allocations for each node. By design, the total allocation of €150,000 to cover the three 
component projects on the left does appear as the total cost of achieving the strategic 
outcome (node M: Increased Profit) on the right.
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Figure 2: BRM Showing all of the Cost Allocations 

At first sight, this BEER capability may not appear very useful, because you may feel that you do 
not really gain much by knowing the financial contributions that apply to each node in the map. 
However, the BEER can be used to provide much more than this, because, by design, it 
distributes the values from the left-hand side across to the right-hand side in line with the 
equivalence principle. Two applications of this characteristic can be used to show the power of 
this technique  

The Power of the BEER for Earned Benefit 

The previous article provided an initial approach to calculating Earned Benefit: the benefit 
earned by a component project is proportional to the project’s percent complete (PC) – i.e., the 
“Component Benefit Percent Achieved” (CBPA) (i.e., [Earned Benefit] / [Earned Benefit At 
Completion]) for each component project is set by convention to be equal the its PC as 
determined by the Earned Value Method. The initial approach simply stated that program’s 
Earned Benefit is the sum over all component projects of their Earned Benefit. This is not 
wrong, but, thanks to the BEER, we are now in a position to calculate the Earned Benefit 
contribution for every node in the map. 

This more complete approach starts from the Earned Benefit of the component projects, equal, 
as stated above for projecti, to (PCi * EBACi). Because of the equivalence principle, we can 
calculate the Earned Benefit contribution of each of the remaining nodes in the BRM based on 
the set of component project Earned Benefits, as follows. We set the value of each component 
project to its Earned Benefit and, using the BEER, calculate from left to right starting from these 
values. This provides all of the remaining Earned Benefit values in the BRM, because, due to 
the fact that the BEER implements the equivalence principle, left-to-right application of the 
BEER reflects the effect of right-to-left application of the BAR. This complete set of Earned 
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BRM, because, due to the fact that the BEER implements the equivalence principle, left-
to-right application of the BEER reflects the effect of right-to-left application of the BAR. 
This complete set of Earned Benefit contributions provides valuable information as to the 
progress of each node. Once we know the Earned Benefit of a node (EBi for node i), we can 
then calculate its “component percent achieved”, as CPAi = EBACi / EBi. CPAi is the EBM 
equivalent of the EVM PCi indicator.

As a worked example, we will take the Earned Value reports at a given point in time for the 
three component projects in the case study as follows:

A=Call Handling Service: PC=10% 
B=Call Handling Tool: PC=40%
C=Business Process Analysis: PC=80%

Thanks to the BAR, we know the contribution of each node (i.e., their Earned Benefit at 
Completion), as shown in Figure 1. The corresponding Earned Benefit (EB) of each project is 
therefore:

A=Call Handling Service: EBA = 10% x €50,000 = €5,000 
B=Call Handling Tool: EBB = 40% x €75,000 = €30,000
C=Business Process Analysis: EBC = 80% x €25,000 = €20,000

These individual, project Earned Benefit values can therefore be fed into the model, and 
the BEER applied. The result of these calculations, giving the Earned Benefit of each of 
the components, is shown in Figure 3, along with their corresponding component percent 
achieved.
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The Power of the Beer for Component Analysis
As a separate application of the BEER, a similar approach allows you to analyse in more 
detail the effect of each component project individually.

For example, to evaluate the effect of any single component project on the overall program, 
set its value equal to its contribution as calculated by the BAR, set the values of all of the 
other component projects to zero, and then carry out the left-to-right calculations using the 
BEER on these numbers. The result gives the contribution of each node due to the selected 
component project (the Project p Contribution to Node n – PpNn). For each node, therefore, 
the relative importance of each component project to this node can be calculated by 
dividing its PpNn by its full contribution as calculated by the BAR. This ratio represents the 
Percent Total Contribution of node n.

The result of this analysis for node B=Call Handling Tool is shown in Figure 4.
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Figure 4: BEER Evaluation of the Contributions from the Call Handling Tool 

Comparing the numbers in Figure 4 with those in Figure 2 shows for example that the call 
handling tool provides 50% of the total benefit of Effective Customer Communication (node F) – 
i.e. €120,000 compared with the total program benefit of €240,000 for that node. What may, 
however, be even more instructive for analyzing the approach embodied in the BRM for this 
sample program is to focus on the disbenefit at node M, (i.e., the Extra Operational Spend). The 
total disbenefit for the entire program has been given as €75,000. Figure 4 shows that the 
project to provide Call Handling Tool (node B) creates 85% (€63,750 / €75,000) of this loss. It 
should also be noted, as was discussed in the previous article and is shown in Figure 2, that 
node B = Call Handling Tool has a negative return on investment: its contribution is €71,250 for 
a cost allocation of €75,000 (ROI = –5%). This negative ROI is more easily understood in 
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Comparing the numbers in Figure 4 with those in Figure 2 shows for example that the call 
handling tool provides 50% of the total benefit of Effective Customer Communication (node 
F) – €120,000 compared with the total program benefit of €240,000 for that node. What 
may, however, be even more instructive for analyzing the approach embodied in the BRM 
for this sample program is to focus on the disbenefit at node M, (i.e., the Extra Operational 
Spend). The total disbenefit for the entire program has been given as €75,000. Figure 
4 shows that the project to provide Call Handling Tool (node B) creates 85% (€63,750 / 
€75,000) of this loss. It should also be noted, as was discussed in the previous article and 
is shown in Figure 2, that node B = Call Handling Tool has a negative return on investment: 
its contribution is €71,250 for a cost allocation of €75,000 (ROI = –5%). This negative ROI is 
more easily understood in conjunction with the information from Figure 4 showing that this 
node generates – albeit indirectly – an additional (disbenefit) cost of €63,750.

This type of information can be extremely useful when deciding whether modifications 
should be made to the initial program approach – such as assessing the option of omitting 
the call handling tool from the program, in order to reduce the corresponding disbenefit. 
The argument in favour of this approach seems to be getting stronger.

However, there is at least one extra feature of programs that needs to be fully understood 
before any such major decisions can be considered.

This will be addressed in the next article in the series.

Key Points
The previous article described the Benefits Allotment Routine (BAR). This routine calculates 
the contribution to the strategic benefits, from right to left across the BRM, for each node of 
the BRM.

The current article completed the model by describing the Break Even Everywhere Routine 
(BEER) that is the converse of the BAR. The BEER distributes the allocations of the 
component projects, from left to right across the whole BRM. As shown schematically in 
Figure 5, to diffuse values from left to right, take the BEER; from right to left, use the BAR.

Two ways in which the BEER can be used to provide more detailed information about the 
structure and the progress of a program were described.
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values from left to right, take the BEER; from right to left, use the BAR.  
 
Two ways in which the BEER can be used to provide more detailed information about the 
structure and the progress of a program were described. 
 

 
Figure 5: The Complimentarily of BAR and the BEER 
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ABSTRACT Recent research indicates Earned Schedule (ES) forecasting from Earned 
Value Management data is generally improved when the performance 
factor, PF=1, is used. However, the use of the ES schedule performance 
index, SPI(t), remains as accepted practice and, at times, provides 
the better deterministic forecast. It is postulated that there may be 
recognizable conditions for which one method is preferable. This paper is 
an investigation to discern those conditions.

INTRODUCTION
The authors, Batselier and Vanhoucke (B&V) examined several methods of forecasting in 
their paper, “Empirical Evaluation of Earned Value Management Forecasting Accuracy for 
Time and Cost” [Batselier et al, 2015]. Their research comprehensively evaluated forecasting 
using Earned Value Management (EVM) data from 51 projects, predominantly construction. 
The results of the research demonstrated the use of performance factor, PF=1, with the 
Earned Schedule (ES) method often provides the more accurate deterministic forecast.

Independently, the B&V finding was corroborated, albeit with a smaller amount of data 
[Lipke, 2017]. Of the 16 projects examined, ES forecasting using PF=1 was shown to provide 
better results for 12. Beyond affirming the B&V research, the application of PF=1 to statistical 
forecasting was examined. Additionally, an observation was made that when performance 
variation is small, forecasting with the ES schedule performance index, SPI(t), is usually 
better.

The good showing by PF=1, in both cited papers, was surprising and unexpected. Although 
PF=1 more often provides the better forecast, curiosity was created as to why it is not 
always so; there are several instances when SPI(t) is preferred. Because the examinations 
involved real data, there was some concern as to whether the data sets represented a very 
localized set of conditions, or if there were anomalies. That is, do peculiarities within the 
data examined cause the forecasting performance of PF=1 to be enhanced? For instance, 
management actions, such as re-plans, can obscure performance and cause the SPI(t) value 
to be close to 1.0. Of course, when the index value is close to 1.0, it is very likely that PF=1 
provides the better forecast.

Certainly management actions can perturb the forecast and assuredly there are disturbances 
imbedded in the data. Nevertheless, examination of the data from the second paper did not 
reveal significant issues causing PF=1 to be preferred. It is now believed that the results from 
the two studies are reasonably broad-based and representative. 

Nevertheless, there is reason to explore; there may be performance characteristics useful 
for identifying which method is more likely to provide the better forecast. We know by 
inspection that when performance is close to planned, PF=1 should provide the better 
forecast. As well, it is easily shown that when performance has little variation, the forecast 
from SPI(t) is better. 

From these observations, the research proposition is made: 

Two characteristics determine the selection of the more accurate forecasting method, either 
PF=1 or SPI(t): 

1. Performance deviation from SPI(t) = 1.0
2. Periodic variation in ES

EARNED SCHEDULE FORECASTING METHOD 
SELECTION
By Walt Lipke, PMI® Oklahoma City Chapter
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1) It is presumed the reader has 
knowledge of Earned Value 
Management.

This paper examines simulated and real data to seek and establish the selection criteria for 
choosing between PF=1 and SPI(t) forecasting methods. Presuming selection criteria can 
be established, it is reasoned ES deterministic forecasting will yield increased accuracy and 
thereby improve decision-making by project managers. 

EARNED SCHEDULE REVIEW
Earned Schedule is dependent upon EVM; the ES measure is derived from the accrued 
earned value (EV) and the performance measurement baseline (PMB) [Lipke, 2003].1 As 
shown in figure 1, “…the idea is to determine the time at which the EV accrued should have 
occurred.” The time duration from project start to the point on the PMB where the planned 
value (PV) equals the EV accrued is the earned portion of the planned duration (PD), i.e. ES. 

As diagrammed in the figure, determining the value of ES is a simple matter of interpreting 
the graph. In practice, however, a calculation method is applied. Its description is explained, 
in detail, in the Earned Schedule book [Lipke, 2009].

Having the capability to determine ES and the actual time (AT) at which the EV is reported, 
the time-based indicators for schedule performance index, SPI(t), and schedule variance, 
SV(t), are created:

SPI(t) = ES / AT
SV(t) = ES – AT

The index, SPI(t), describes the efficiency of achieving the PD for the time invested. When 
the value of SPI(t) is 1.0 or greater, schedule performance is good. And, when the indicator 
value is less than 1.0, performance problems need investigating and correcting. Similarly, 
when the value of SV(t) is positive, performance is ahead of schedule and when negative, 
performance is lagging.
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invested. When the value of SPI(t) is 1.0 or greater, schedule performance is good. 
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Figure 1. Earned Schedule Concept 

 
Beyond assessing current status, the forecasting of project duration and 

completion date is made possible using the formulas below: 

1) IEAC(t) = PD / SPI(t) 
2) IEAC(t) = AT + (PD – ES) / PF 

IEAC(t) is the independent estimate at completion (time), i.e. the forecast duration; 
adding the computed duration to the project start date can be used to forecast the 
completion date. The PF term, appearing in formula 2, is a performance factor; for 
example, PF=1, could be used when believed it better represents the expected future 
execution efficiency. 

Methodology 
The approach to determine criteria for forecasting selection was a two-step process. 
The first step simulated project performance, applying variation over a range of values 
and biasing the outcome from early to late finish. Thirty nine scenarios, representing 
combinations of variation and bias, were induced in the execution of twenty five 

Figure 1. Earned Schedule Concept

Beyond assessing current status, the forecasting of project duration and completion date is 
made possible using the formulas below:

1. IEAC(t) = PD / SPI(t)
2. IEAC(t) = AT + (PD – ES) / PF

IEAC(t) is the independent estimate at completion (time), i.e. the forecast duration; adding 
the computed duration to the project start date can be used to forecast the completion 
date. The PF term, appearing in formula 2, is a performance factor; for example, PF=1, could 
be used when believed it better represents the expected future execution efficiency.

METHODOLOGY
The approach to determine criteria for forecasting selection was a two-step process. 
The first step simulated project performance, applying variation over a range of values 
and biasing the outcome from early to late finish. Thirty nine scenarios, representing 
combinations of variation and bias, were induced in the execution of twenty five simulated 
projects. The simulated projects were limited to a final duration no greater than 50 periods.
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For the simulation, fixed values and variable multipliers were used to create periodic ES 
values (ESp). The fixed values ranged from 0.15 to 0.80, while the variable multipliers were 
0.1, 0.5, and 0.9. Each was applied through a random number, ranging from zero to one. To 
further explain, let’s use the fixed value 0.8; ESp is either 1.8 or 0.2, dependent upon whether 
the bias is plus or minus. That is, the fixed value is either added to, or subtracted from 1.0. 
When a variable multiplier is used, it is coupled to a random number to produce the value 
added or subtracted from 1.0 in the calculation of ESp.  

Nine bias values were used, ranging from 0.1, at 0.1 increments, through 0.9. Bias is produced 
by comparing a random number to the bias value; when the random number is less than 
one minus the bias value, the periodic ES variation is subtracted from 1.0. Conversely, the 
variation is added. Bias values above 0.5 cause SPI(t) to be greater than 1.0, while values 
below 0.5 induce SPI(t) to be less than 1.0.

Utilizing the specified variation and bias values, four sets of examination scenarios were 
created. The first set viewed large variation over the full range of bias values. The second set 
examined the range of variation multipliers in three subsets of bias values (0.1, 0.5, and 0.9). 
Similarly, the third set applied fixed variation multipliers (0.8, 0.5, and 0.2) in three subsets 
of bias values. Lastly, the fourth set examined combinations of variation and bias to clarify 
results observed in the three control sets. 

For the second step, the tabulated results were inspected for patterns favoring one of the 
forecasting methods, PF=1 or SPI(t). A process of filtering and graphical analysis was applied 
for deducing possible forecast method selection rules. 

The simulation results for the 39 scenarios were evaluated using the Mean Absolute 
Percent Error (MAPE) for each forecasting formula. The MAPE for a specific scenario is the 
computed average across the performance results of the 25 simulated projects.

The scenarios having MAPE favorable to PF=1 were grouped, while those favorable to SPI(t) 
were likewise placed together. Scatter plot graphs were created for each grouping. The 
scatter plots are the paired values of the two proposed selection characteristics: natural 
logarithm (ln) of SPI(t) and the standard deviation (s) of the natural logarithm of ESp. Just 
as for MAPE, the two characteristics are represented by the average across the simulations 
for each scenario.  

The patterns recognized in the graphs were used to propose forecasting selection rules. The 
proposed forecasting method selection rules were then tested using both simulated and real 
data.

RESULTS/ANALYSIS
An example of the results from the simulations of the 39 scenarios is represented in table 1. 
The inputs creating distinctive performance scenarios include the following variables:

1. SPI(t) – the initial Schedule Performance Index (time) value for the simulation
2. PD - Planned Duration
3. Fixed Var – Fixed Variable, the value of the fixed variation
4. F or V - choice between fixed (F) or variable (V) type variation
5. Var Mult – Variation Multiplier, the multiplier value when V is chosen
6. Bias “+” - bias value to induce late to early finish performance
7. Trigger – performance stability value 

The trigger value was used to determine whether performance stability had influence in the 
analysis and selection of the forecasting method. There is no further discussion of trigger 
value; applying performance stability of 0.10 did not significantly impact MAPE results. 
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Table 1. Scenario Results 

As well, the output values from the scenario simulations, Output Averages and 
Error Results, are depicted in table 1. The definitions of the sub-headings are: 

1) FD – Final Duration 
2) lnESp  –the standard deviation of the natural logarithm of the periodic values of 

ES  
3) lnSPI(t) – natural logarithm of cumulative value of SPI(t) 
4) MAPE(1) – mean absolute percent error for PF=1 forecasting 
5) MAPE(S) – mean absolute percent error for SPI(t)forecasting 

A few general observations can be made from analysis of table 1. As expected, 
the Variation Multiplier induces lnESp  values; as the multiplier value increases, so 
does the standard deviation. And, similarly, Bias is reflected in the lnSPI(t) values; bias 
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As well, the output values from the scenario simulations, Output Averages and Error Results, 
are depicted in table 1. The definitions of the sub-headings are:

1. FD – Final Duration
2. lnESp s –the standard deviation of the natural logarithm of the periodic values of ES 
3. lnSPI(t) – natural logarithm of cumulative value of SPI(t)
4. MAPE(1) – mean absolute percent error for PF=1 forecasting
5. MAPE(S) – mean absolute percent error for SPI(t)forecasting

A few general observations can be made from analysis of table 1. As expected, the Variation 
Multiplier induces lnESp s values; as the multiplier value increases, so does the standard 
deviation. And, similarly, Bias is reflected in the lnSPI(t) values; bias of 0.1 induces negative 
numbers (late finish), while 0.9 creates positive numbers (early completion). 

Further analysis of table 1 indicates there may be correlation between lnESp s and MAPE; 
error increases as variation becomes larger. Additionally, for scenario results having lnSPI(t) 
values near 0.0, MAPE(1) is seen to be less than MAPE(S); i.e., when SPI(t) is very near the 
value of 1.0, PF=1 provides the better forecast, although the error difference is very small. 
This finding was an expectation.

SCATTER PLOTS
With the simulation results for the 39 scenarios, two outcome data sets were created. One 
contained those having more accurate forecasts from using performance factor PF=1. Of 
course, the second set contained results when SPI(t) forecasting was more accurate. For 
each of these sets, scatter plots were made, graphing the paired values of lnSPI(t) and lnESp 
s. The scatter plots are shown in figures 2 and 3.
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Figure 2. Scatter Plot of PF=1 Set 

 The scatter plot of figure 2 contains results from 16 scenarios. Clearly, the 
majority of data points lie between lnSPI(t) values of 0.1 and -0.1. Two of three points 
outside of this range are near the -0.1 value, while the third appears to be an outlier. All 
of the results in figure 2, favor PF=1 forecasting by a small percentage, usually less 
than 2 percent. 

Figure 2. Scatter Plot of PF=1 Set

The scatter plot of figure 2 contains results from 16 scenarios. Clearly, the majority of data 
points lie between lnSPI(t) values of 0.1 and -0.1. Two of three points outside of this range 
are near the -0.1 value, while the third appears to be an outlier. All of the results in figure 2, 
favor PF=1 forecasting by a small percentage, usually less than 2 percent.

Figure 3 is the plot of 23 results favoring SPI(t) forecasting. With one exception, the points 
reside in the lnESp s range of 0.0 to 0.8. The one point outside of the range has extremely 
high variation with an extremely low value for SPI(t). The error results for this point are 
excessively high; 29.4 percent for PF=1 and 16.7 percent for SPI(t). Similar to analysis of 
figure 2, this point is considered an outlier. As well, it is observed that all of the points, 
excluding the outlier, lie in the region of SPI(t) values between, 0.6 and -0.6.
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 Figure 3 is the plot of 23 results favoring SPI(t) forecasting. With one exception, 
the points reside in the lnESp  range of 0.0 to 0.8. The one point outside of the range 
has extremely high variation with an extremely low value for SPI(t). The error results for 
this point are excessively high; 29.4 percent for PF=1 and 16.7 percent for SPI(t). 
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that all of the points, excluding the outlier, lie in the region of SPI(t) values between, 0.6 
and -0.6. 

 
Figure 3. Scatter Plot of SPI(t) Set 

Examining the scenario results graphed in figure 3, the following findings were 
compiled: 

1) Three points have nearly the same value of error with PF=1 forecasting 
2) Seven points indicate superior SPI(t) forecasting by 10 percent or greater 
3) Six points indicate better SPI(t) forecasting in the range of 5 to 10 percent 
4) Remaining seven points have a small difference from PF=1 forecasting, generally 

between 1 to 3 percent difference 

Thus, from analysis of the data for the two graphs, 26 of 39 scenarios produce very 
similar forecasts. Approximately 18 percent of the SPI(t) forecasts are significantly 
better, while another 15 percent show moderate improvement. 

Figure 3. Scatter Plot of SPI(t) Set

Examining the scenario results graphed in figure 3, the following findings were compiled:
1. Three points have nearly the same value of error with PF=1 forecasting
2. Seven points indicate superior SPI(t) forecasting by 10 percent or greater
3. Six points indicate better SPI(t) forecasting in the range of 5 to 10 percent
4. Remaining seven points have a small difference from PF=1 forecasting, generally 

between 1 to 3 percent difference

Thus, from analysis of the data for the two graphs, 26 of 39 scenarios produce very similar 
forecasts. Approximately 18 percent of the SPI(t) forecasts are significantly better, while 
another 15 percent show moderate improvement.

The implication from the above analysis is PF=1 deterministic forecasting is generally good. 
This statement further confirms the results from the two cited studies. However, there are 
instances when PF=1 results are significantly less accurate. Obviously then, there is value in 
being able to discern when SPI(t) forecasting should be used.

Using the observations from figures 2 and 3 scatter plots, selection rules are proposed in 
table 2. Fundamentally, project managers should use SPI(t) when the indicator’s value has 
some amount of separation from 1.0 and when performance variation is not large. When this 
is not the situation, PF=1 is preferred. It is to be noted that when out of control performance 
is encountered, PF=1 is the recommended choice. As identified in table 2, the out of control 
condition is characterized by extreme performance values for lnSPI(t) and lnESp s. For this 
condition, it is usually the case that neither method provides accurate forecasts; generally, 
the SPI(t) method is worse.

 
 

8 
 

The implication from the above analysis is PF=1 deterministic forecasting is 
generally good. This statement further confirms the results from the two cited studies. 
However, there are instances when PF=1 results are significantly less accurate. 
Obviously then, there is value in being able to discern when SPI(t) forecasting should be 
used. 

Using the observations from figures 2 and 3 scatter plots, selection rules are 
proposed in table 2. Fundamentally, project managers should use SPI(t) when the 
indicator’s value has some amount of separation from 1.0 and when performance 
variation is not large. When this is not the situation, PF=1 is preferred. It is to be noted 
that when out of control performance is encountered, PF=1 is the recommended choice. 
As identified in table 2, the out of control condition is characterized by extreme 
performance values for lnSPI(t) and lnESp . For this condition, it is usually the case 
that neither method provides accurate forecasts; generally, the SPI(t) method is worse. 

 
Table 2. Selection Rules 

Selection Rules Testing 
The proposed rules for selecting between the SPI(t) and PF=1 forecasting methods, 
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4) The number of out of control conditions encountered 
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For clarity, each error mode is computed as MAPE. The terminology is defined below: 
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3. The number of correct and incorrect selections made, at both zero and five percent 
tolerance. When the SPI(t) and PF=1 forecasts are within tolerance (i.e., difference 
between MAPE values), the selection from application of the rules is counted as 
correct.

4. The number of out of control conditions encountered
5. Four forecasting error modes are tabulated for comparison: Err-SPI(t), Err-PF1, Err-

Selection, and Err-Best.  

For clarity, each error mode is computed as MAPE. The terminology is defined below:
1. Err-SPI(t) is the error when forecasts are made using only SPI(t)
2. Err-PF1 is the forecasting error when only PF=1 is used
3. Err-Selection is the error when the forecasting selection rules are applied
4. Err-Best represents the least forecasting error possible; i.e., the method (PF=1 or 

SPI(t)) producing the better forecast is selected at every period of performance 

From review of table 3, Selection Rules Test – Simulated Data, the use of the selection rules 
appears to provide good results in comparison to the other forecasting modes. For eight of 
the 10 projects, the error shown for Err-Selection is within 1.6 percent of the best forecast, 
Err-Best. The largest difference is 3.6 percent shown for project 6.

Four projects (1, 2, 3, and 5) have large error when the PF=1 forecasting formula is used. For 
these projects, application of the selection rules improved the forecasts, on average, by 
nearly 13 percent, a significant improvement.
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From comparison of the correct and wrong selections at zero and five percent 
tolerance, it can be deduced that there are many times when PF=1 and SPI(t) methods 
compute nearly the same forecast values. For 5 percent tolerance, a significant 
increase in the number correct is seen for six projects (2, 3, 6, 7, 8, and 10). 

Project number 7 is shown to have thirteen out of control periods. As could be 
expected, there is a large difference between maximum and minimum lnSPI(t), 0.511. 
As well, the variation indicated by lnESp  is incredibly large. The maximum is equal to 

Table 3. Selection Rules Test – Simulated Data

From comparison of the correct and wrong selections at zero and five percent tolerance, it 
can be deduced that there are many times when PF=1 and SPI(t) methods compute nearly 
the same forecast values. For 5 percent tolerance, a significant increase in the number 
correct is seen for six projects (2, 3, 6, 7, 8, and 10).

Project number 7 is shown to have thirteen out of control periods. As could be expected, 
there is a large difference between maximum and minimum lnSPI(t), 0.511. As well, the 
variation indicated by lnESp s is incredibly large. The maximum is equal to 1.365, while 
the minimum is 0.607. Although 13 of 38 periods were identified to be out of control, the 
selection rules forecast was very good at 3.6 percent error.

The real EVM data used for the selection rules testing come from high technology projects; 
it is a subset of the data examined in the second paper cited [Lipke, 2017]. Table 4 compiles 
the testing results in the same format used for table 3. A characteristic of the data is 
project performance is highly erratic. The range of values for lnSPI(t) and lnESp s is large 
for several projects. As well, four projects (3, 5, 7, and 9) have a large number of out of 
control performance periods. Thus, as should be expected, the forecasting error values are 
somewhat larger than are those for the simulated data, on average 3.7 percent higher for the 
best forecasts.



27The Measurable News    2019.01    |    mycpm.org

Eight of the 10 projects have selection forecasts comparing favorably to their corresponding 
best forecasts; they are within a difference of five percent. The two remaining have 
differences of 7.2 and 7.8 percent, not excessively large values.

 
 

10 
 

1.365, while the minimum is 0.607. Although 13 of 38 periods were identified to be out 
of control, the selection rules forecast was very good at 3.6 percent error. 

The real EVM data used for the selection rules testing come from high 
technology projects; it is a subset of the data examined in the second paper cited 
[Lipke, 2017]. Table 4 compiles the testing results in the same format used for table 3. A 
characteristic of the data is project performance is highly erratic. The range of values for 
lnSPI(t) and lnESp  is large for several projects. As well, four projects (3, 5, 7, and 9) 
have a large number of out of control performance periods. Thus, as should be 
expected, the forecasting error values are somewhat larger than are those for the 
simulated data, on average 3.7 percent higher for the best forecasts. 

  Eight of the 10 projects have selection forecasts comparing favorably to their 
corresponding best forecasts; they are within a difference of five percent. The two 
remaining have differences of 7.2 and 7.8 percent, not excessively large values. 

 
Table 4. Selection Rules Test – Real Data 

 Just as for the simulated data, several projects (2, 4, 5, 6, 7, 8, and 10) showed 
that many of the SPI(t) and PF=1 forecasts are within a difference of five percent. As 
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3. Select Improve? – “yes” is entered when the value for Err-Selection is less than either 
Err-SPI(t) or Err-PF1 methods, otherwise “no” 

In comparing the results tabulated for the two tables, two differences stand out. The “S & 1 
within 5%” characteristic occurs only once for the simulated data, whereas for the real data 
it is seen for seven projects. For the “S or 1 Better?” evaluation, SPI(t) forecasting is better 
for the simulated data, while PF=1 is dominant for real data. However, it is recognized that 
among the eight projects having a better forecast from PF=1, six have forecast values within 
5 percent from the SPI(t) values.
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rules is “Select Improve?” The idea of this measure is to answer the question: Does 
application of the selection rules provide forecasting improvement? For 8 of 10 projects, 
for both simulated and real data, the selection rules forecast had lower MAPE than, at 
least, one of the two methods. For the two projects in each set, where Err-Selection is 
not less than either Err-SPI(t) or Err-PF1, MAPE values are poorer by very small 
differences, less than 1.1 percent. 

Summary/Conclusion 
Two empirical studies reported that the performance factor equal to 1.0 provides better 
project duration forecasts than using the ES schedule performance index, SPI(t). 
However, for the examined projects, there are instances where SPI(t) was better. Thus, 
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Perhaps, the most significant evaluation characteristic for the proposed selection rules is 
“Select Improve?” The idea of this measure is to answer the question: Does application of the 
selection rules provide forecasting improvement? For 8 of 10 projects, for both simulated 
and real data, the selection rules forecast had lower MAPE than, at least, one of the two 
methods. For the two projects in each set, where Err-Selection is not less than either Err-
SPI(t) or Err-PF1, MAPE values are poorer by very small differences, less than 1.1 percent.

SUMMARY/CONCLUSION
Two empirical studies reported that the performance factor equal to 1.0 provides better 
project duration forecasts than using the ES schedule performance index, SPI(t). However, 
for the examined projects, there are instances where SPI(t) was better. Thus, it was reasoned 
that there may be performance conditions which cause one method to forecast more 
accurately. 

The focus of this study was to determine selection criteria for choosing between the two 
deterministic forecasting methods, PF=1 and SPI(t). Simulation of project execution, under 
various performance conditions, was a key element of the research approach.

The results from the simulation of 25 projects, applying 39 performance scenarios, were 
graphed to examine for patterns. The patterns observed for the paired values of lnSPI(t) 
and lnESp s provided performance information, leading to criteria for selecting between the 
two methods. The proposed rules for method selection were tested using 10 projects each 
of simulated and real EVM project data. For both data sets, the selection rules for 8 of 10 
projects yielded more accurate forecasts than at least one of the PF=1 and SPI(t) methods.

In final analysis, the two deterministic methods yield very comparable forecasts about 
70 percent of the time. The risk of using the PF=1 method is there are instances when its 
forecast can be in error by greater than 10 percent. Whereas, the risk of exclusively using 
SPI(t) forecasting is it generally has larger error than PF=1, although the difference is small. 
The application of the selection rules moderates these risks, and thereby provides a more 
reliable forecast. 

SUGGESTED RESEARCH
Certainly, the duration forecasting selection rules proposed in this paper should be further 
examined before general adoption. It is suggested that those practitioners having real data 
apply the rules and report their findings. As well, application of the rules to simulated EVM 
data is welcomed, and may yield refinements or a better selection approach.
For those interested, the forecast method selection spreadsheet is available from the author 
upon request. 
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ABSTRACT The critical path, defined as the path with the lowest total float to project 
completion, should be validated to ensure that the project can identify 
and actively manage the tasks that may have the largest impact on the 
completion date of the project. While government and industry space 
communities generally use scheduling software tools that can automatically 
calculate the critical path in large schedules, the deterministic critical 
path is not necessarily the path most likely to drive schedule completion. 
Uncertainty and risk impacts to tasks need to be considered. If projects are 
not conducting a schedule risk analysis (SRA) to identify the probabilistic 
critical path, then the validation of the critical path proves problematic. The 
probabilistic critical path highlights tasks affected by risks and uncertainty 
that might not otherwise be deemed critical and may identify a sequence 
of tasks, other than the deterministic critical path1, which is more likely to 
be critical in the future. Further complicating the verification and validation 
of the project’s critical path is the allocation of schedule margin to multiple 
paths, or to a path other than the longest path in the schedule. Thorough 
analysis is necessary to understand the potential individual and cumulative 
impacts of risks to various paths in the schedule, as well as to inform 
management decisions regarding where and how much margin should 
be included in the schedule. Only then can the project’s critical path be 
properly identified and margin appropriately managed.

This paper will explore a process of understanding the risks to the schedule – both inherent 
(uncertainty) and acquired (discrete risks) through the use of probabilistic methods, such 
that: 1) the project can identify and manage to the most likely critical path, and 2) the 
project can establish, allocate, and manage margin more effectively.

EXAMINING THE CRITICAL PATH

The critical path is the sequence of tasks or activities that typically represents the longest 
path through a project, which determines the shortest possible project duration (i.e., lowest 
total float). The “critical path” of interest may be tied to something other than the project 
end date, such as a key end item or delivery; in the space community, examples of key end 
items or deliveries might be “spacecraft delivery” or “launch”, even though the project 
schedule may continue through operations and sustainment. If tied to something other 
than the project end date, this path of interest is termed a “driving path.” A project should 
determine what milestone(s) or key end item(s) it plans to manage to, so that it can properly 
identify and proactively manage the activities along its critical and driving paths.

Throughout this paper, the term “critical path” will be used, regardless of the end item 
to which it is measured. Please note that in actual practice, if that end item is not project 
completion, the path is termed a “driving path.”

Any activity on the critical path is called a critical path activity.2 It is extremely important 
to note the difference between critical path activities and critical activities as defined by 
management. These terms may be synonymous, but that is not always the case. Critical 
activities may be defined as any tasks (or milestones) which have been deemed important 
enough to have this distinction assigned to them, but may or may not show up on the 
critical path.3 For example, key decision points, the development of a primary system 
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component, or important tests may be considered “critical activities.” In other instances, 
the project may identify a non-calculated “technical critical path” composed of high-
risk technical activities that are deemed to be “critical”; however, these activities are not 
always on the project’s critical path as calculated by the scheduling software. Performing a 
probabilistic schedule risk analysis that takes into account the uncertainty and discrete risks 
associated with technical activities should help the project to identify its most likely critical 
path, which may or may not include tasks on the “technical critical path.”

Understanding the Deterministic Critical Path
Management insight into the critical path is essential in making accurate decisions to 
successfully achieve project completion. Thus, it is imperative to always know what 
sequence of tasks is the real driver affecting project completion. The project critical path 
can only be identified accurately if all task and milestone interdependencies are properly 
incorporated into the Integrated Master Schedule (IMS) to form a complete end-to-end logic 
network. Schedule management best practices, such as the Critical Path Method (CPM), a 
deterministic method of schedule analysis, help to ensure valid schedule data.

Common characteristics of a credible critical path include the following: it typically begins 
at “time now” and proceeds to a key end item, the tasks and milestones are tied together 
with network logic in a sequence that is programmatically feasible or otherwise makes sense 
from a workflow standpoint, and there are no gaps in time between tasks that cannot be 
explained.4  To guarantee that the critical path is being calculated correctly, the IMS must 
capture all the project’s activities, be logically linked without the presence of dangling tasks5, 
be free from inappropriate date constraints, and have level of effort tasks clearly marked 
or modeled as hammock tasks6 to prevent them from influencing the criticality of the work 
flow.7

Throughout this paper, the term “time now schedule” will be used to represent a schedule 
at any given point in the project’s life cycle. Thus, it may be pre- or post-margin allocation. 
When referring to schedules pre-margin allocation, this paper will use the term “initial.”

While using zero constraints is ideal for critical path calculations, there are some instances 
where spaceflight projects need to incorporate project-specific constraints, such as 
procurement starts, deliveries from partner organizations, or launch dates. In addition, 
spaceflight project schedules typically have other features that complicate CPM calculations, 
such as multiple organization-specific calendars and/or resource constraints. It is imperative 
that the calendars and resource or date constraints represent reality and do not hinder the 
software’s ability to perform an accurate forward and backward pass calculation. Constraints 
should not be used as a shortcut to override logic calculations and force specific dates. Hard 
constraints are seldom justified, whereas soft constraints might be. For example, start-no-
earlier-than (SNET) constraints are sometimes used in cases where funding needs to be 
made available before work can begin or when a contributed item must be delivered before 
integration activities can commence.

CPM scheduling is also used to determine the amount of free float and total float in each of 
the logic network paths in the schedule. Calculating the float in the schedule is particularly 
important for the space community because spaceflight missions are often constrained 
by launch dates, which limits the amount of available time in the schedule and makes the 
flexibility to revise various workflows more important with respect to managing risks. On any 
path, the schedule flexibility is measured by the amount of time that a schedule activity can 
be delayed or extended from its early start date without delaying the project finish date or 
violating a schedule constraint, and is termed “total float.” 8 A CPM critical path is typically 
characterized as the path with the least amount of total float.

When the CPM scheduling technique is carried out in an automated scheduling tool, the 
result provides accurate current task dates, future task forecasts, total float/slack values for 
all tasks and milestones, and the capability for identifying the critical path and any near-
critical paths for the project.9 Therefore, it is important that the project be working with a 

“healthy” CPM schedule when working to determine its critical path.

Understanding the Differences between the Initial Deterministic Critical Path and a “Time 
Now” Critical Path
 In general, the characteristics of the initial (pre-margin-allocated) deterministic critical path 
are the same as the characteristics of any “time now” deterministic critical path. For instance, 
the critical path at any point in the project life cycle is the path that contains the least 
amount of float. For spaceflight projects, the float on the initial deterministic critical path 
represents the time between the last activity’s planned date (early finish) and committed 
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date (late finish). If the initial deterministic critical path, composed only of work tasks, had 
zero float, there would be no room to incorporate margin tasks to mitigate uncertainties and 
risks. Thus, in cases where the critical path is calculated to the project end milestone, the 
initial deterministic critical path should contain some amount of positive float but should 
still be the path in the schedule with the least amount of float. Figure 1 shows an example of 
the initial deterministic critical path being calculated from the Aurora Mission schedule. The 
critical path is highlighted in “red” in the Gantt chart.
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In the Aurora Mission example in Figure 1, the Launch milestone is the key finish milestone to which the 
project is working toward and it is also the project end date. The CPM scheduling software shows that 
the initial (pre-margin) deterministic critical path consists of: Subsystem Development 2 → Instrument 1 
→ System Integration Final Testing → Facility Checks → Final Alignment → Launch Vehicle Integration 
and Encapsulation → Launch Activities → Launch. The last activity on the critical path, Launch Activities, 
has a 03/30/17 finish date; however, the finish milestone, Launch, is not scheduled to occur until 
05/01/17. Thus, there are 22 days of total float on the activities in the critical path, which in this case, is 
the longest path in the schedule. 

 
In cases of a “time now” schedule that includes a margin activity, there may be some small amount of 
float remaining on the critical path that has not been replaced by the margin activity, or there may be 
zero float. Figure 2 shows an iteration of the Aurora Mission “time now” schedule, where margin was 
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Of the three margin tasks included in the Aurora Mission schedule, Margin – Sub1, is not on the initial 
deterministic critical path, but it is on the “time now” deterministic critical path. The project may have 
decided that Subsystem 1 was inherently “riskier” than the other subsystems and might require margin 
(or buffer); whatever the rationale, the project should justify the placement of margin in the schedule by 
applying uncertainty to inherently risky tasks by performing a SRA to verify where and how much margin 
might be needed. The project will have greater confidence that margin is being allocated to the highest 
risk path, which may or may not be the same as the path calculated in the initial deterministic schedule. 
From Figure 2, it can be seen that once margin has been allocated to the schedule, the total float may be 
reduced to zero (although that is not always the case). It is important to note that the total float should 
never be negative after a margin allocation exercise, which would indicate that more margin was 
allocated than total float available in the schedule. 

 
Oftentimes, the misconception arises that if the schedule margin is zeroed out, the critical path will not 
change, but as can be seen from the margin allocation used in Figure 2 that is not always the case. 
Figure 3 shows the same “time now” schedule from Figure 2, but with margin set to zero. 
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Of the three margin tasks included in the Aurora Mission schedule, Margin – Sub1, is not 
on the initial deterministic critical path, but it is on the “time now” deterministic critical 
path. The project may have decided that Subsystem 1 was inherently “riskier” than the 
other subsystems and might require margin (or buffer); whatever the rationale, the project 
should justify the placement of margin in the schedule by applying uncertainty to inherently 
risky tasks by performing a SRA to verify where and how much margin might be needed. 
The project will have greater confidence that margin is being allocated to the highest risk 
path, which may or may not be the same as the path calculated in the initial deterministic 
schedule. From Figure 2, it can be seen that once margin has been allocated to the schedule, 
the total float may be reduced to zero (although that is not always the case). It is important 
to note that the total float should never be negative after a margin allocation exercise, which 
would indicate that more margin was allocated than total float available in the schedule.
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Oftentimes, the misconception arises that if the schedule margin is zeroed out, the critical 
path will not change, but as can be seen from the margin allocation used in Figure 2 that is 
not always the case.

Figure 3 shows the same “time now” schedule from Figure 2, but with margin set to zero.
Joint Space Cost Council, Scheduler’s Forum 2018 
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By removing the margin, the critical path changed back to the path reflected in the initial deterministic 
schedule from Figure 1. This indicates that the placement of margin can alter the project’s critical path. 
Thus it is imperative that management make margin task assignments after careful consideration of the 
uncertainties and risks affecting the project. 

 

There are different techniques that can be used to help verify the critical path. The DCMA Critical Path 
Test (CPT) is intended to test the integrity of the overall network logic, and in particular, the critical path. 
The Critical Path Length Index (CPLI) helps determine how realistic the project completion date is based 
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CPLI calculations can be used throughout the project life cycle. 

 

In the CPT test, a task on the critical path is randomly selected and 600 days is added to its remaining 
duration. If the project finish date or completion milestone does not slip by the same amount, one may 
assume the project schedule contains broken logic and score this as a failed test. If the test is passed, 
the schedule is calculating appropriately (i.e., no broken logic), and the critical path can be properly 
calculated.10 

For the Aurora Mission schedule, 600 days was added to the Test 1 critical path activity. Figure 4 shows 
that this duration overtook the float on the deterministic critical path, and the launch date moved out 
600 work days, from 05/01/17 to 07/18/19. 

 
 
 
 
 

10 Defense Contract Management Agency (DCMA). Earned Value Management System (EVMS) Program Analysis Pamphlet 
(PAP). DCMA-EA PAM 200.1. October 2012. Page 32. 
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To ensure that the launch date did in fact move out 600 work days, the CPT can be verified by 
reinstating the remaining duration for Test 1 and changing the Launch finish milestone to a task of 600 
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Figure 4: Critical Path Test

To ensure that the launch date did in fact move out 600 work days, the CPT can be verified 
by reinstating the remaining duration for Test 1 and changing the Launch finish milestone to 
a task of 600 days. The finish date of the Launch task, shown in Figure 5, provides the same 
finish date, 07/18/19, that was calculated for the CPT in Figure 4. Thus, the schedule logic is 
not broken and the schedule passed the CPT.
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Figure 5: Critical Path Test Cross-Check

Critical Path Length Index
The CPLI is an indicator of the efficiency relating to tasks on the critical path leading to the 
project’s finish milestone. The CPLI metric formula is displayed below:

CPLI = (Critical Path Length (in days) + Total Float on the Critical Path)/Critical Path Length11

A CPLI of 1.00 means that the project is running with zero (0) total float and must work 
according to plan, accomplishing one day’s worth of work for every day that passes. A CPLI 
of less than 1.00 means that the project has negative float and that the schedule may not be 
realistic to meet the critical path milestone (i.e., the project will finish late). A CPLI greater 
than 1.00 means the project has positive float and is running efficiently with regard to 
meeting the baseline date of the milestone (i.e., the project will finish early).

The CPLI calculation from the Aurora Mission schedule example in Figure 1 is as follows: 

CPLI = (146 days + 22 days) / 146 days = 1.15

The Aurora Mission has positive float and is running efficiently with regard to meeting the 
baseline date. Had the CPLI been less than 0.95, the project may have needed to consider 
corrective action.

As with any schedule quality or integrity check, the project should perform the CPT and 
CPLI calculations with margin zeroed-out in the “time now” schedule, as it is possible that 
the longest path without allocated margin may not be the same as the margin-inclusive 
path.12 It is important to understand how the logic and float in the schedule affect these 
calculations on the critical path without being influenced by margin activities, durations for 
which may or may not ultimately be consumed by the project.

Understanding the Probabilistic Critical Path
After the initial CPM schedule has been built and quality/health checks performed against 
best practice metrics additional analysis is required. A project plan will ultimately be 
impacted by task duration uncertainty and discrete risks. Relying completely on the 
deterministic critical path as calculated by the scheduling software and not conducting a 
schedule risk analysis (SRA) can lead to the improper tracking of critical activities. Running 
a SRA involves mapping the duration uncertainties and discrete risks to the CPM schedule 
activities for a more holistic view of the critical path. The analysis results in the
identification of the project’s probabilistic critical path.

Through simulation exercises, uncertainties and risks can alter the available float on project 
paths, elevating the importance of seemingly less risky activities and causing unexpected 
changes to the critical path. More specifically, a path that was not previously on the primary 
critical path may become the critical path due to the inclusion of potential risks and task 
duration uncertainties. Other scenarios exist where a project might have competing critical 
paths or multiple near-critical paths. Risk or uncertainty impacts affecting any of the critical 
or near-critical paths may forecast a slip to the schedule completion date.13 It is important 
to understand what is driving each of these paths, and which path is the most likely to be 
critical. Thus, performing a SRA is a necessary step to understand the potential impact of 
risks and uncertainty on project schedule completion. The rationale is that unless a statistical 
simulation is run, calculating the completion date from schedule logic and duration 
estimates in the schedule tends to underestimate the overall project critical path duration.14
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Applying Uncertainties to the SRA
Uncertainty is the indefiniteness about a project’s baseline plan. It represents the 
fundamental inability to perfectly predict the outcome of a future event, and is therefore 
inherent in schedule activity durations. Uncertainty is characterized by a probability 
distribution and should be applied at the task/activity level. It is critical that the project 
invest time and thought in developing credible and appropriate schedule uncertainty 
distributions. There are three methods for selecting schedule uncertainty distributions: 
data driven (parametric estimates, technical maturity, technology readiness levels (TRLs), 
project complexity, etc.), performance based (earned value metrics, earned schedule 
metrics, etc.), and subject matter expert approaches.15 A common approach is to use a 
3-point estimate to describe a task’s best case (optimistic) duration, most likely duration, 
and worst case (pessimistic) duration, as these durations may have been determined during 
the initial estimate of the task duration and might already be documented in the scheduling 
tool. Deciding which approach informs the project’s uncertainty distributions may be 
dependent on the point in the project’s life cycle at which the uncertainty is applied (i.e., the 
performance based approach requires that the project have performance data available, so 
this approach would be less informative at earlier life cycle milestones). Activities deemed 

“critical” by management should be carefully considered when applying uncertainty, as 
these activities may have long “tails” representing their overall distributions, which could 
significantly impact which paths become critical during a SRA simulation. Furthermore, the 
schedule analyst needs to take into account the CAMs’ original duration estimates as being 
accurate and not already inflated to allow for more time (i.e., “margin” built into the task 
duration). All uncertainty distributions should be justified with the appropriate rationale 
documented (i.e., basis of estimate).

When performing a SRA, uncertainty is typically applied to schedule durations before 
risks are mapped, and an initial simulation is run to understand the intrinsic criticality of 
the schedule activities. The rationale for this step is that even if a project were able to 
completely mitigate its discrete risks, uncertainty would still exist within task duration 
estimates and would need to be protected against by allocating schedule margin to handle 
problems that arise unexpectedly.

For the Aurora Mission example, Figure 6 shows the uncertainty distributions that were 
applied to the schedule.
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Figures 7 illustrates how the uncertainty will be applied to the schedule activities during the simulation. 

 
 

 
15 NASA. Working Whitepaper - Methodologies for Modeling Uncertainty in JCL Analysis. March 2015. Page 5. 
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FIGURE 7: AURORA MISSION UNCERTAINTY APPLIED TO THE SCHEDULE 
 

Note:  The Launch constraint on the project finish milestone was removed so that the milestone can 
move with the simulation. It was replaced with a “Launch” activity with a duration of 22 days to hold the 
“deterministic date” description of 05/01/17 in the SRA results output for proper comparison. However, 
the duration of the “Launch” activity was given a (0, 0, 0) distribution such that it will have no impact 
during the SRA simulation. 

 
Figure 8 shows the probabilistic distribution function for the Launch milestone after the simulation is 
run. 
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The right side of the chart indicates the confidence level for the Launch activity at probabilistically 
calculated dates. With uncertainty applied, the schedule has an 83% likelihood of meeting the planned 
05/01/17 launch date. 

Figure 7: Aurora Mission Uncertainty Applied to the Schedule

Note: The Launch constraint on the project finish milestone was removed so that the 
milestone can move with the simulation. It was replaced with a “Launch” activity with a 
duration of 22 days to hold the “deterministic date” description of 05/01/17 in the SRA 
results output for proper comparison. However, the duration of the “Launch” activity was 
given a (0, 0, 0) distribution such that it will have no impact during the SRA simulation.
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Figure 8 shows the probabilistic distribution function for the Launch milestone after the 
simulation is run.
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Figure 8: Aurora Mission Launch Task Probabilistic Distribution Function with Uncertainty

The right side of the chart indicates the confidence level for the Launch activity at 
probabilistically calculated dates. With uncertainty applied, the schedule has an 83% 
likelihood of meeting the planned 05/01/17 launch date.

Applying Risks to the SRA
A risk is an event not in the project’s baseline plan that has an undesirable outcome (i.e., 
discrete risk). The approaches for characterizing risks are based on information from 
analogous missions and expert knowledge. Because a risk is either reducible (mitigated with 
a reasonable amount of money and effort) or irreducible (impractical or impossible to buy 
down the risk impact), appropriately classifying and quantifying risks, and understanding 
how to handle (i.e., mitigate, accept, avoid, or transfer) risks becomes an important step 
in the SRA process. A risk event is characterized by a probability of occurring (likelihood) 
and an expected impact if the event occurs (consequence).16 In a SRA, risk consequences 
are typically represented by a distribution of optimistic/most likely/pessimistic impacts, 
expressed as the number of days the risk will impact the schedule. Because many risks can 
be mitigated as opposed to accepted, avoided, or transferred, it is essential to carefully 
allocate and manage margin with discrete risks in mind.17

Figure 9 outlines the discrete risks that were applied to the Aurora Mission schedule. Figure 
10 shows how the uncertainty and risks are applied to the schedule tasks, and Figure 11 
shows the probabilistic density function of uncertainty and risk impacts to the Launch 
milestone.
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RISK LIKELIHOOD 
(%) 

IMPACTS (DAYS) 
(MIN, MOST LIKELY, MAX) 

TASK MAPPING 

R1: LATE INSTRUMENT 2 
PROCUREMENT 

75% 8, 10, 13 000009: Build 2 

R2: FINAL ALIGNMENT RISK 50% 4, 6, 10 000019: Final Alignment 

R3: SUBSYSTEM 3 TEST 
FAILURE 

40% 10, 15, 30 0010: Subsystem Development 3 

R4: SHIPPING DELAY FOR 
INSTRUMENT 2 

40% 2, 5, 8 000011: Pack and Ship 2 

FIGURE 9: AURORA MISSION RISK DISTRIBUTIONS AND MAPPING 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16 NASA. Working Whitepaper – Methodologies for Modeling Uncertainty in JCL Analysis. March 2015. Page 5. 
17 Opportunities may be similarly modeled, such that they have associated probabilities and impacts. The difference is that the 
impacts will reflect potential gains in schedule or schedule buy-back. 

Figure 9: Aurora Mission Risk Distributions And Mapping
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FIGURE 10: AURORA MISSION RISKS APPLIED TO THE SCHEDULE 
 

FIGURE 11: AURORA MISSION LAUNCH TASK PROBABILITY DENSITY FUNCTION WITH UNCERTAINTY AND RISKS 
 

The SRA should be used to understand the sensitivity of the uncertainty and risks to the overall critical 
path calculations.  Figure 12 shows the difference between the uncertainty-only impacts (blue curve) 
and the combined effect of uncertainty and risk impacts (red curve) on the project completion Launch 
milestone. The confidence level of meeting the 05/01/17 launch date was 83% when only uncertainty 
was applied; however, with the inclusion of risks, the confidence level dropped to 25%.  Thus, the 
project would have a low likelihood of meeting the planned launch date if it does not actively manage its 
discrete risks. 

Figure 10: Aurora Mission Risks Applied To The Schedule
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Figure 11: Aurora Mission Launch Task Probability Density Function With Uncertainty And Risks

Analyzing the SRA Results
The SRA should be used to understand the sensitivity of the uncertainty and risks to the 
overall critical path calculations. Figure 12 shows the difference between the uncertainty-only 
impacts (blue curve) and the combined effect of uncertainty and risk impacts (red curve) 
on the project completion Launch milestone. The confidence level of meeting the 05/01/17 
launch date was 83% when only uncertainty was applied; however, with the inclusion of 
risks, the confidence level dropped to 25%. Thus, the project would have a low likelihood of 
meeting the planned launch date if it does not actively manage its discrete risks.
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FIGURE 12: AURORA MISSION S-CURVES - UNCERTAINTY VS. UNCERTAINTY & RISKS 
 

An assessment of probabilistic critical paths can uncover the path with the greatest cumulative impacts 
from uncertainty and risks that is likely to end up as the longest path when the effort has completed.18 
In some instances, the inclusion of uncertainty and risks may change the likely critical path to something 
other than what was calculated as the deterministic critical path. The SRA results show the probability 
of tasks becoming critical due to simulation iterations where risks are effectively turned on and impact 
the schedule. Higher percentages indicate a higher likelihood of a particular task becoming critical, or in 
other words, ending up on the critical path. Figure 13 provides the criticality report for the Aurora 
Mission after uncertainty was applied, while Figure 14 provides the criticality report for the Aurora 
Mission after both uncertainty and risks were applied. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18 NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 15. 

Figure 12: Aurora Mission S-Curves - Uncertainty vs. Uncertainty & Risks

An assessment of probabilistic critical paths can uncover the path with the greatest 
cumulative impacts from uncertainty and risks that is likely to end up as the longest path 
when the effort has completed.18 In some instances, the inclusion of uncertainty and risks 
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may change the likely critical path to something other than what was calculated as the 
deterministic critical path. The SRA results show the probability of tasks becoming critical 
due to simulation iterations where risks are effectively turned on and impact the schedule. 
Higher percentages indicate a higher likelihood of a particular task becoming critical, or in 
other words, ending up on the critical path. Figure 13 provides the criticality report for the 
Aurora Mission after uncertainty was applied, while Figure 14 provides the criticality report 
for the Aurora Mission after both uncertainty and risks were applied.Joint Space Cost Council, Scheduler’s Forum 2018 
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FIGURE 13: CRITICAL PATH REPORT BASED ON THE INCLUSION OF UNCERTAINTY 
 

 
FIGURE 14: CRITICAL PATH REPORT BASED ON THE INCLUSION OF UNCERTAINTY AND RISKS 

 
Per the Aurora Mission example, if the SRA had not been performed, then the project may not have 
known that the tasks associated with Instrument 2 (Build 2, Test 2, Pack and Ship 2) are likely to be 
critical due to uncertainty and risks. (Originally, the deterministic critical path (Figure 7) indicated that 
Instrument 1 was on the critical path.) The project may also not have realized that Subsystem 2 and 
Subsystem 3 compete for criticality depending on whether discrete risks affect the schedule. Subsystem 

Figure 13: Critical Path Report Based On The Inclusion Of Uncertainty
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Figure 14: Critical Path Report Based On The Inclusion Of Uncertainty And Risks

Per the Aurora Mission example, if the SRA had not been performed, then the project may 
not have known that the tasks associated with Instrument 2 (Build 2, Test 2, Pack and Ship 
2) are likely to be critical due to uncertainty and risks. (Originally, the deterministic critical 
path (Figure 7) indicated that Instrument 1 was on the critical path.) The project may also 
not have realized that Subsystem 2 and Subsystem 3 compete for criticality depending 
on whether discrete risks affect the schedule. Subsystem 2 is on the deterministic critical 
path, as well as the uncertainty-only affected critical path; however Subsystem 3 becomes 
more critical than Subsystem 2 when all the discrete risks are included in the analysis. For 
the Aurora Mission, performing trade studies to understand how each risk may affect the 
schedule and proactively managing the discrete risks will be important steps in maintaining 
control of the critical path, such that Subsystem 3 does not overtake Subsystem 2 as critical.

At this point in the analysis process, the project should compare the list of activities that 
are more frequently on the critical path due to uncertainty and/or risks with management’s 

“critical activities” list. Presuming that the “critical activities” list was taken into account as 
uncertainty distributions and discrete risks were defined, there may be duplication in what is 
reflected in the criticality report.
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Similarities in the list will provide management with reassurance that the elements that 
were seemingly critical are in fact critical. Any differences between the criticality report 
and the project’s “critical activities” list should be reviewed so that the project can aim to 
understand why particular items on the project’s list are not showing up as critical per the 
SRA. It may be that the uncertainties for some schedule tasks were under-estimated or 
others were over-estimated; however, it may be that management’s “gut feel” or perception 
of the critical path simply isn’t the most likely critical path.

Performing schedule risk analysis enables the project to make risk-informed decisions 
concerning its most critical activities, in addition to the activities on the critical path.

ESTABLISHING AND ALLOCATING SCHEDULE MARGIN

Schedule margin is a separately planned quantity of time above the planned duration 
estimate reflected in the baselined schedule.19 The purpose of schedule margin is to account 
for uncertainty and risks, whether it be to mitigate or “buy-down” the risks or to absorb 
the impact of schedule uncertainty and/or realized risks. Thus, the schedule margin should 
be based on carefully considered risks and informed duration uncertainties. Developing 
informed duration uncertainties requires that the project have a clear understanding of 
whether its task duration estimates are accurate, inflated, or overly optimistic.

Because adequate schedule margin appropriately placed in a project schedule is critical to 
project success, management should determine an adequate amount of schedule margin 
to be included in the schedule prior to baselining. 20 A probabilistic schedule risk analysis 
is highly recommended as a basis for establishing the placement of adequate schedule 
margin.21 The results of a SRA may be considered along with other factors that often 
contribute to establishing the amount of schedule margin applied to a schedule, such as 
expert judgment or rules of thumb. By accounting for these factors, the goal is to increase 
the accuracy of downstream forecasts.22

Once the SRA results have been considered in establishing how much schedule margin is 
needed for successful project completion, projects can insert margin tasks to represent the 
time necessary to account for estimated uncertainty and schedule risks.23 Schedule margin 
must be introduced into the schedule at strategic locations so that it can effectively satisfy 
its intended purpose to absorb or mitigate risk and be easily accounted for as part of the 
critical path sequence. Margin is usually placed along the critical path in an amount up to 
the amount of total float that is available in the schedule, based on the project end date (or 
finish milestone). Any margin in excess of the total float will push the project end date to 
the right, so adding more margin is typically not an option for budget and/or launch date 
constrained spaceflight projects or projects with external commitments. It is important to 
note that schedule margin durations should not be used to hold a deliverable forecast to a 
static date, but should be based upon risks and uncertainties.24

Deliberate locations for margin might include placement along the critical path where risk 
impacts are expected to occur. These margin task durations can be established in a way 
that corresponds to their associated risk’s most likely impact. Margin tasks may also be 
placed just prior to key life cycle milestones or reviews, the duration of which can be based 
on uncertainties and/or risks in the schedule elements leading up to those milestones or 
reviews. For example, more margin might be attributed to critical areas of the schedule 
where tasks carry higher uncertainties, whereas less margin might be attributed to less 

“risky” areas of the schedule.

It is also recommended that some margin be placed at the end of the schedule network 
logic flow just prior to the appropriate set of project completion tasks or project finish 
milestone. For spaceflight projects, the work near the end of the schedule becomes more 
serial or single-flow in nature and realized risks tend to be more problematic because of 
decreased flexibility in the schedule to incorporate workarounds. In addition, if there is 
a significant amount of uncertainty in the schedule overall, the project may opt to take 
the remaining amount of days between the calculated early finish date and the project’s 
contract finish date (which should be represented by total float) and add a margin activity 
that applies an equivalent duration in the schedule to absorb any remaining float. This 
will make the primary critical path a zero-float path and maximize the amount of margin 
the project has available to manage risks and uncertainty. However, projects should use 
caution when applying margin near the end of the project. Project teams may interpret 
a lump sum of margin at the end of the schedule as being “up for grabs” to cover late 
activities. The intent of margin activities should be made clear; it is not to be consumed 
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due to performance delays, rather any margin near the end of the schedule should be 
closely managed and used strategically to absorb any late risk impacts or implement risk 
mitigations. Should performance delays occur, technical leads or control account managers 
(CAMs) may need to work weekends or extra hours to finish on time versus using margin. A 
contingency plan should be established such that when margin is eroded to a certain point, 
the project can enact the contingency plan and start double-shifting or working weekends/
holidays.25

Oftentimes, management will place small blocks of margin on a path due to its sensitivity to 
“critical tasks” or the assumption of a “technical critical path” composed of potentially high-
risk technical activities. These blocks of margin are typically referred to as “buffer” tasks. 
Determining the placement of buffers can be facilitated by analyzing both the uncertainty 
distributions (inputs), as well as the risk sensitivity/tornado charts (outputs). Trade studies 
can also be performed to understand the sensitivities in the paths where small changes 
in uncertainty may result in a larger impact on project completion. It may be helpful for 
projects to place buffers on near-critical paths that have associated risks, so that these 
paths do not overtake the schedule and become the primary critical path. As with margin, 
buffers can be converted to mitigation activities at a later time, when more information is 
known about a particular risk. If the project assigned high uncertainty to specific elements 
in the schedule that did not appear on the most likely probabilistic critical path, but perhaps 
show up in a criticality report as being near-critical, then the associated paths might warrant 
buffer activities. It is important to note that buffer activities associated with key events in 
the schedule may not fall on the project’s primary critical path and will by themselves have 
no effect on the project completion date. Care must be taken to ensure that the cumulative 
effect of buffer activities dispersed throughout the schedule do not inadvertently alter the 
project finish milestone/committed date, creating a new primary critical path that disregards 
the uncertainty- and risk-informed probabilistic critical path. 26

Keeping in mind the criticality results and by performing trade studies or “what if” analyses 
using the SRA, the project can make risk-informed decisions about where to establish or 
how to allocate margin and/or buffer activities throughout the schedule to prepare for 
uncertainty and risks. Figure 15 shows how margin and buffer tasks might be distributed in 
the Aurora Mission after the SRA results are considered. Margin activities are placed before 
Instrument 2 Pack and Ship, after Subsystem Development 3, after Integrate Systems, and 
before Launch Activities. A buffer activity is included after Subsystem Development 2, as 
Subsystem 2 was considered technically “risky” by management, had been assigned a 

“medium” uncertainty rating, and ultimately showed up on the criticality report as a likely 
near-critical path element. Should the risk and uncertainty impacts on the Subsystem 3 
→ Instrument 2 path end up being less than anticipated, the secondary critical path that 
includes Subsystem 2 will also be protected against risk by the buffer activity. Managing 
both margin and buffer activities is an effective way to proactively manage the schedule 
when dealing with any number of near-critical paths.Joint Space Cost Council, Scheduler’s Forum 2018 
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When applying margin to probabilistic critical paths, it is important to keep in mind that the 
most likely probabilistic critical path may not have been the primary deterministic critical 
path. What this means is that the probabilistic critical path may have more total float than 
the deterministic critical path than the deterministic critical path. In the Figure 15 example, 
the deterministic critical path had 22 days of float, and therefore would have been able to 
accommodate up to 22 days of margin. However, the SRA indicated that the project should 
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be tracking to an alternate critical path, which would include Subsystem 3 and Instrument 
2, in order to handle identified or “expected” risks and uncertainty. The Subsystem 3 path to 
the finish milestone had 24 days of float to the project need date, whereas the Instrument 
2 path had 33 days of float the project need date. Creating a case where both Subsystem 3 
and Instrument 2 fell on the primary critical path allowed for multiple margin tasks as shown 
in Figure 15, which produce a number greater than 22 days when simply added together. 
However, this does not mean that the project now has more than 22 days of effective margin. 
The schedule analyst needs to be careful when calculating the overall margin, or effective 
margin for a project.

Throughout this paper, the term “effective margin” will be defined as the overall duration of 
margin that is calculated by zeroing out the margin tasks.

The schedule analyst can calculate the effective margin in several ways. The most common 
approaches consist of zeroing out the margin activities and either 1) analyzing the float 
calculation on the constrained project finish milestone, or 2) calculating how many days are 
between the unconstrained project finish milestone and the project need date. Although 
the margin along the Aurora Mission probabilistic critical path totals more than the original 
22 days from the deterministic schedule, the effective margin count is still only 22 days 
when using either of these two methods. It may seem counter-intuitive to include margin 
along a path that is not the deterministic critical path because the margin durations cannot 
be added in a straightforward manner to produce an effective margin count. However, 
placing margin activities at random along the deterministic critical path because it is easy 
to calculate the margin sum will lead to inefficient use of available margin days. Instead, 
establishing margin according to a risk-informed analysis will allow the project to make 
more effective use of available margin when making decisions about how to manage the 
uncertainty and risks that may impact the schedule.

Because margin is used for future situations that are not clearly defined, such as potential 
risks and uncertainty, no specified budget should be assigned to a schedule margin task; 
there is no known project scope involved. At the same time, it is very important that an 
adequate amount of project management reserve (i.e., budget) be available to cover a 
reasonable workforce level through the duration of the schedule margin activity. As part of 
the schedule risk analysis activity, this may be handled by creating a schedule risk in the risk 
registry, assigning margin at the appropriate point in the schedule, and then putting a lien 
against the management reserve. However, it should not be assumed that the project has 
appropriate budget to ensure that all float can be converted to margin/mitigation activities. 
Just because a schedule contains float that could be repurposed as margin, it does not mean 
the project has budget available to accommodate any potential future work that margin 
tasks imply.

Whenever additional scope is being considered for inclusion in the schedule, management 
must ensure that adequate reserves (budget) exist and resources are available to perform 
the work. Budget to cover the resources required for new activities will need to be 
appropriately allocated, and risk (threats, liens, encumbrances) lists will need to be updated 
in conjunction with the schedule to reflect current risk status, as well as any new or residual 
risks. This highlights another issue that can arise when applying margin in key areas of the 
critical path, which is gaps in resource needs. This tends to be especially relevant on projects 
requiring earned value management. Project management will need to carefully track how 
the addition of margin and buffer activities affect integrated cost and schedule reporting.

MANAGING THE SCHEDULE BY MAINTAINING RISK-INFORMED 
SCHEDULE MARGIN
The project should take a proactive approach in managing the schedule by maintaining a 
risk-informed schedule, which includes risk-informed schedule margin. Early in the project’s 
life cycle, processes should be established that describe and define the techniques and 
methods to be used in implementing schedule management processes. These processes are 
typically captured in a Schedule Management Plan, Schedule Control Plan, or as part of the 
Project Plan. Wherever they reside, the schedule management processes and best practices 
defined for a project should incorporate sound guidelines for margin management, including, 
but not limited to:

• Definition of who owns the margin and how it is distributed (i.e., transition of margin 
management from project manager to CAMs, contractors, etc.)

• Guidelines for planned margin requirements (i.e., organizational margin burn-down 
guidelines)
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• Process for utilizing margin
• Process for reassigning unused margin
• Processes for monitoring/tracking margin

Managing Margin When Margin Needs to Be Utilized
After the baseline has been set and margin has been established in strategic locations 
throughout the schedule, the project will need to actively manage the margin. This can be 
accomplished by continually performing SRAs to understand and address potential risk 
impacts to the project throughout its life cycle. When conducting a SRA on a baselined 

“time now” schedule (after margin has been established through a previous SRA exercise), 
any margin or buffer tasks in the schedule should be set to zero. If the margin tasks are 
not set to zero, the uncertainty and risk impacts are essentially doubled since they are 
accounted for in both the margin activity durations and the probabilistic risk analysis 
simulation of task duration uncertainties and discrete risk impacts. Thus, setting the margin 
activities to zero will allow a proper comparison of the schedule slip resulting from the 
uncertainty- and risk-impacted activities to the allocated schedule margin. 27

Throughout this paper, it is assumed that risks added to the simulation are pre-mitigated 
risks, which might require some amount of margin to either absorb the risk impact or 
mitigate the risk. Please note that simulations can also be run on post-mitigated risks or 
a mix of pre- and post-mitigated risks. The initial pre-mitigated risk assessment would 
help the project decide where to focus on mitigating risk to get back on schedule. The 
mitigation plans could then be added to the baseline schedule and the probabilistic risk 
analysis repeated with any residual risk to determine the necessary margin. However, analysis 
techniques using post-mitigated risks (mitigation activities and/or residual risks) are not 
expressly addressed within this paper.28

Once the simulation is run, the project should be able to determine whether the potential 
impacts of the uncertainty and risks can be absorbed given the allotted margin. If the finish 
milestone estimate does not move past the planned project completion date, then the 
project likely has appropriate margin given its identified uncertainty/risk posture. However, 
rather than waiting for the risks impacts to occur, proactive management might include 
adding risk mitigation activities to the schedule through the approved use of margin. The 
project may be able to implement a process for this to be accomplished via routine risk 
management meetings with project management approval.

Technical leads or CAMs will usually be the first to recognize potential areas for risk 
mitigation. They should compare what is actually occurring on the project with the results 
of the SRA to ensure the right risks are prioritized for mitigation. Most schedule risk analysis 
software will provide supplemental results from the probabilistic simulation, including a risk 
tornado chart showing the risks that have the most impact on the total schedule duration. 
Using the risk tornado chart to analyze the potential total impact of each risk is an important 
tool for management. Assuming management will plan to mitigate the risks with the 
greatest impact first, removing the top risk in the tornado chart and rerunning the simulation 
will provide an idea about how much impact the “top risk” has as it relates to the remaining 
risks. Risks should be backed out of the analysis one-at-a-time with a new tornado chart 
generated for each iteration to reveal the subsequent top risk. It is important to note that 
the order of top risks is dependent on the combination of risks applied to the simulation at 
any given time (i.e., some risks have greater overall impact on a schedule when combined 
with a particular set of other risks). Removing a risk may change the critical path, making 
other risks and activities more “critical,” which is why it is necessary to rerun the tornado 
chart after each simulation. If the project has identified some other order of risk mitigation 
due to funding, management priorities, or other constraints, risks can be worked-off the 
simulation according to management’s plan. Running different “what if” scenarios provides 
a good comparison of the impacts each mitigation approach has to “buy back” schedule 
through working off the risks in different orders to achieve the greatest and most realistic 
benefit.29

When mitigation activities are added to the schedule, margin activity durations, or some 
portion of margin activity durations are converted to the risk mitigation activity or set 
of activities, and then linked to reflect an appropriate logic flow within the schedule. The 
mitigation activities become part of the project’s plan, and the margin is accordingly 
reduced in duration to maintain the project’s planned finish date. It is important to note that 
the duration and cost of a mitigation activity may not be the same as the duration and cost 
of the risk impact; in most cases, it should require less money to mitigate the risk ahead of 
time than to recover from the risk impact(s), which is why projects should aim to mitigate 
risks, when possible. Sometimes when a risk is mitigated, the impact is not completely 
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reduced or some level of threat remains. This net risk after controls or mitigations have been 
put in place is referred to as residual risk. If any residual risk exists that cannot be mitigated, 
it should be accounted for in the project’s risk list and considered in future iterations of 
the SRA for the proper allocation of margin. There may be enough information about the 
residual risk (usually an “accepted” or “transferred” risk) to capture margin where the risk 
impact might occur, or the margin to cover the risk impact may need to be included in the 
lump sum of margin held near the end of the schedule.

Technical leads or CAMs, in addition to the schedule analyst, will also usually be the first to 
recognize the need to use margin for risk impact purposes. Although SRA risk prioritization 
may show that a particular risk may significantly and adversely affect the project’s critical 
path, sometimes risk mitigations are either too costly or do not provide the project 
significant time savings. The project may anticipate a possible need for technical rework 
but choose not to make changes until verifying the need for rework through testing. In this 
case, the margin held after testing can be translated into new work to manage the impact 
of the failed test. In other cases, the risks may result from external factors that are out of 
the project’s control, such as an anticipated late delivery from a partner. These risks might 
be those that have already been “accepted” by the project. Thus, the project may allow 
these risks to occur and use margin to handle the impacts. Margin must be allocated to the 
associated activities in these instances so that status can be tracked. “Margin”, however, is 
not a work activity and should never be statused.

Whether margin will be used for mitigation purposes or to manage risk impacts when risks 
are realized, the project should follow pre-determined processes for approving the use of 
margin. The project will need to determine the trigger point at which margin should be 
released to manage the risk. It will be important for the project team to understand whether 
certain margin is held/managed by the Program Office, the Project Management Office or 
Project Manager, or the technical leads/CAMs, and how it is “released” from one level to 
the next if/when necessary. Waiting too late to use margin may result in an inefficient use 
of the available time (i.e., the margin may not be as helpful as it could have been if released 
earlier). The project support team will need to incorporate any scheduling changes, such as 
the addition of mitigation activities or the transformation of margin into new work activities 
to address risk impacts. Only as risk mitigation activities are identified and approved, should 
they be incorporated into the project’s plan as specific tasks in the schedule and budget 
made available to perform the new work. For tracking purposes, the margin task(s) and 
effective margin calculations should be reduced accordingly.

Managing Margin When Margin Does Not Need to Be Utilized
Sometimes expected risk impacts do not occur, work takes place as planned, and tasks finish 
on time. Schedule margin (or buffers) along these “on-time” paths should not simply be 
wasted or consumed through “waiting” for the next work activity to start. Margin tasks do 
not represent contract scope and cannot be statused, so it benefits the project to find a way 
to repurpose the margin and possibly start subsequent tasks earlier. CAMs need to be aware 
of what others on the project are doing. There may be opportunities that the project can 
take advantage of by repurposing or redistributing the resources expected to be consumed 
during the margin period. The project should actively analyze the schedule to determine 
whether any subsequent activities can start earlier than planned (i.e., prior identification 
of early start dates may help facilitate this analysis). If tasks can start as soon as their 
predecessors are finished, this can save the project money by completing work sooner and 
perhaps gaining total slack later in the schedule to help with potential performance issues or 
unknown risks. The project may also consider re-shifting and using the “available resources” 
to offset delays in other areas of the schedule. This assumes that reserves/workforce would 
have been available during the original margin task duration. If there are no other areas of 
the schedule that need to effectively take advantage of the “available resources” to get back 
on track, the project may consider performing value engineering or additional testing for 
certain technical elements to enhance technical performance (e.g., reliability, supportability, 
maintainability, survivability, etc.), or simply returning the margin duration to the project as 
float (i.e., an earlier end date) if the risk associated with the margin task no longer exists.

If none of these are viable options, the margin may be able to be moved downstream in 
the project workflow. While the calculation should be the same for incorporating a margin 
task at any point along the critical path, it may not be feasible to move the entire duration 
margin task to the end of the schedule. How the margin translates from one point in the 
schedule to a later point in the schedule may be dependent on how much total float is on 
the primary critical path versus the secondary critical path; this will dictate whether the 
original primary critical path remains as the primary critical path after the removal and 
subsequent reallocation of margin, or whether the original secondary critical path becomes 
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the new primary critical path. The full margin duration that was available to a particular 
subsystem or instrument in the spacecraft schedule may not translate one-day-for-one-day 
as it moves toward the end of the schedule. For instance, if the margin activity had a larger 
duration than the difference in total float between the primary and secondary critical path, 
the secondary critical path may now become the primary critical path. Figure 16 shows how 
removing a margin activity from the original primary critical path of a “time now” schedule 
with the intent of reallocating margin to what was the secondary critical path may result in a 
smaller duration of effective margin on what is now the “new” critical path.

Joint Space Cost Council, Scheduler’s Forum 2018 
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FIGURE 16: EXAMPLE OF UNUSED MARGIN BEING MOVED DOWNSTREAM IN THE SCHEDULE 
 

In the Figure 16 example, with the margin removed, it is obvious that the path with Activity B was the 
deterministic critical path, pre-margin allocation. This suggests that Activity A might have been a new 
technology that was “inherently riskier” (i.e., had greater uncertainty) than Activity B, indicating that it 
appeared on the probabilistic critical path and necessitated some allocation of margin. However, the 
uncertainty did not manifest itself and therefore the margin was not used. The path with Activity A was 
no longer critical and management could redistribute the margin throughout the schedule. With careful 
analysis, it became apparent that the schedule would only be able to recoup 5 days of margin “activity” 
due to the next most-critical path having only 5 days of float to the project need date. In other words, 
the project only ever had 5 days of “effective margin” because while there were 10 days of margin on 
the probabilistic critical path, the pre-margin-allocation deterministic critical path had only 5 days of 
float to the project need date. This simple example illustrates how critical path analysis on the 
deterministic and probabilistic critical paths aids in determining how much margin can be adequately 
accommodated at various points within the schedule, as well as how much effective margin the 
schedule is actually carrying with respect to the project end/need date. 

Figure 16: Example Of Unused Margin Being Moved Downstream In The Schedule

In the Figure 16 example, with the margin removed, it is obvious that the path with Activity B 
was the deterministic critical path, pre-margin allocation. This suggests that Activity A might 
have been a new technology that was “inherently riskier” (i.e., had greater uncertainty) than 
Activity B, indicating that it appeared on the probabilistic critical path and necessitated 
some allocation of margin. However, the uncertainty did not manifest itself and therefore the 
margin was not used. The path with Activity A was no longer critical and management could 
redistribute the margin throughout the schedule. With careful analysis, it became apparent 
that the schedule would only be able to recoup 5 days of margin “activity” due to the next 
most-critical path having only 5 days of float to the project need date. In other words, the 
project only ever had 5 days of “effective margin” because while there were 10 days of 
margin on the probabilistic critical path, the pre-margin-allocation deterministic critical 
path had only 5 days of float to the project need date. This simple example illustrates how 
critical path analysis on the deterministic and probabilistic critical paths aids in determining 
how much margin can be adequately accommodated at various points within the schedule, 
as well as how much effective margin the schedule is actually carrying with respect to the 
project end/need date.

If the project encounters a situation where margin near the end of the schedule will not 
be needed to address risks or uncertainties and reallocation of the margin at this point 
in single-flow activity is not viable, then project management may need to explore more 
creative options. While not likely an option for most spaceflight projects, some projects 
may be able to move up the finish milestone (i.e., deliver earlier, launch earlier, etc.). Another 
option may be for project teams to focus on completing any outstanding documentation 
(i.e., waivers, approvals, signatures). Still other projects may decide to allow personnel 
some down time prior to launch activities, for example. Depending on how much margin is 
remaining and the particular constraints on the project, the project manager may be able 
to explore opportunities for utilizing margin for purposes other than to address risks, such 
as adding back in previously descoped work, for example. Again, this assumes that there 
were “available resources” associated with the margin duration (even though margin has no 
specified scope or budget).

Management would likely need to go through an approval process to use management 
reserve to add in new work.

Managing the Need for More Margin Than Is Available
Projects may need to consider what to do when SRAs indicate the need for more margin 
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than the project schedule has the capacity to incorporate. When performing a SRA, if the 
finish milestone estimate moves past the planned project completion date through the 
simulation of uncertainty and risk impacts to the schedule, then the schedule “slip” has a 
greater overall impact than the allotted margin duration can accommodate. This can also 
be reflected in a “low” confidence level associated with the project finish milestone date. 
Management should determine reasonable confidence level thresholds for projects to meet; 
thresholds may vary from organization to organization.

Going back and reviewing the SRA output from Figures 11 and 12, showing the Aurora 
Mission simulation results with uncertainty and risks included, the mission has a 15% 
confidence level of making its launch date. Such a low confidence level indicates that the 
project likely does not have enough margin to absorb the risk impacts and successfully 
achieve the project finish milestone.

If the project encounters low confidence level results prior to establishing and allocating 
margin (i.e., prior to baselining the schedule), the indication might be that there is not 
enough float to accommodate the needed margin to account for the potential uncertainty 
and risk impacts. The project should consider viable options in modifying the project plan/
schedule to regain appropriate total float, and ultimately establish adequate margin. Should 
any “time now” (post-baseline) SRA results indicate a low confidence level or the need for 
margin in excess of what is planned to meet a higher confidence level, the project may need 
to consider similar schedule workarounds. In the case of the Aurora Mission, the project may 
need to take into account other workflows, workarounds, or contingency options that were 
not previously considered to “buy back” schedule margin.

Possibilities for re-planning primary critical path elements (and near-critical path elements, 
as needed) may include looking at restructuring workflows to include parallel paths or 
alternate logic, combining tests, adding resources, expediting procurements by paying a 
premium, etc. The goal should be to develop an achievable, risk-informed schedule that 
provides the needed margin. Schedule workarounds may take into account viable schedule 
compression techniques for activities along the critical path, such as performing tasks in 
parallel (fast tracking), adding resources (crashing), or utilizing other replanning methods to 
capture recovery or new technical approaches. The project may be able to replan particular 
elements of the schedule to regain float (and ultimately margin), while still working to the 
planned end item finish date or project end date, or re-baseline the entire schedule with a 
new project finish date to ensure a more realistic and achievable plan. However, the project 
manager will need to weigh the potential addition of new risks to the project through these 
techniques. For example, performing work in parallel may add new risks to the project, 
whereas adding resources could be expensive. Taking these risks and uncertainties into 
account in a SRA on the hypothetical, “replanned” schedule and evaluating the resulting 
confidence level will help the project manager to have a good grasp on whether the benefits 
outweigh the risks.

Monitoring, Tracking, and Controlling Margin Consumption
Monitoring the actual consumption of schedule margin as the project moves through its 
life cycle is important.30 As previously discussed, margin can be consumed by risks and 
uncertainties in several ways: risks become realized and slow down current work or require 
additional, new work; risk mitigations are developed and incorporated into the project plan/
schedule; or uncertainties become realized, slow down current work or require additional, 
new work. For each of these instances the margin is essentially allocated, either as extended 
task durations, as mitigation activities, or as new tasks, thereby reducing the effective 
margin by an amount equal to the overall impact that would be incurred at the point of the 
margin task. For any zero (0) float paths, this may be an amount equal to the duration of the 
wait time, new work, or mitigation activities. For any non-zero float paths, the margin may 
not need to be reduced by an amount equal to total duration of the wait time, new work, or 
mitigation activities, as there may be positive float on the path that will absorb some of the 
risk/uncertainty impact. Careful tracking of schedule margin consumption/reallocation and 
comparison to critical path total float provides an indication of how realistic the schedule 
completion date is.

Understanding how margin is utilized and being able to identify where margin activities 
are housed in the schedule are critical elements in tracking margin. In other words, both 
margin and buffer activities should be clearly identifiable when included within the project 
schedule.31 As margin is consumed or reallocated and critical paths change, buffer activities 
that were once on less-critical paths may end up on the new, primary critical path, now as 

“margin” activities. It is important to recalculate the total amount of effective margin as these 
changes occur.
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It is also good practice to maintain a log indicating the changes in schedule margin and the 
reason for those changes. The project may have a pre-determined “planned depletion” of 
margin over the life cycle of the project. For instance, an organization may have developed 
standard margin guidelines based on past project performance. Figure 17 shows an example 
of margin guidelines related to particular phases/milestones in a typical spaceflight project 
life cycle. Joint Space Cost Council, Scheduler’s Forum 2018 
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From (point in life cycle) To (point in life cycle) Amount of Planned Margin 
Confirmation Beginning of Integration & Test 1 month of schedule margin per year 
Integration & Test Shipment to Launch Site 2 months of schedule margin per year 
Delivery to Launch Site Launch 1 week of schedule margin per month 

 

FIGURE 17: EXAMPLE OF PLANNED SCHEDULE MARGIN REQUIREMENTS 
 

Analyzing the SRA results and comparing the SRA-based margin establishment/allocation to the 
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float available, contingency days should be the next option prior to the consideration of margin. 
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Analyzing the SRA results and comparing the SRA-based margin establishment/allocation to 
the predetermined guidelines can serve as a cross-check between the project management’s 
initial expectations and the particular nuances of the project’s risk posture. Deviations from 
the organization’s planned depletion guidelines should be supported by the SRA results, 
with rationale clearly documented.

Understanding the difference between available margin days and other non-working 
calendar days is an important aspect in calculating effective margin. Margin should be 
allocated according to working days in the schedule. It is worth noting the distinction 
between the available “working days” (i.e., margin days) and any “non-working” days, 
such as weekends or holidays (i.e., contingency days). Whereas margin days are defined 
as “working days” available in a schedule (where the project does not already have work 
defined/planned) to mitigate or absorb schedule risk, contingency days or “non-working 
days” should only be used as a resource to the project manager to recoup delays due to 
poor schedule performance so as to not utilize schedule margin. Project management 
should keep in mind that contingency days will likely cost the project more money than 
using available float, but if there is no float available, contingency days should be the next 
option prior to the consideration of margin.

A tracking issue may arise when a project distributes the margin and includes weekends and/
or holidays into its margin totals (e.g., if the margin activities are initially tied to non-working 
days and are later reallocated to risk changes, the project’s effective margin totals could 
change without any adjustment to the actual duration on the margin tasks, which would 
create a margin tracking problem). If the project monitors schedule margin in working days 
and contingency days separately, the project management will have a better understanding 
of the time resources available to the project at any given point in time. Figure 18 illustrates 
how a project can track schedule margin (and contingency) depletion/erosion (and 
restoration) over time against the planned depletion.
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FIGURE 18: TRACKING SCHEDULE MARGIN 
 

The chart in Figure 18 distinguishes between margin (i.e., working days) as “W”, contingency days 
(weekends or holidays) as “Contingency”, and calendar days as “C.” The solid red (margin) and green 
bars (contingency) are stacked to show the number of days available at a particular month’s start that 
are not planned work days. The crosshatched red (margin) and green (contingency) bars show the 
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The chart in Figure 18 distinguishes between margin (i.e., working days) as “W”, contingency 
days (weekends or holidays) as “Contingency”, and calendar days as “C.” The solid red 
(margin) and green bars (contingency) are stacked to show the number of days available 
at a particular month’s start that are not planned work days. The crosshatched red (margin) 
and green (contingency) bars show the actual month-end days available, with the point 
at the top of the bars showing the total number of month-end days available (i.e., margin 
+ contingency). The lower blue line indicates the planned margin burn down; whereas the 
upper blue line indicates the actual month-end margin remaining. The percentage at the top 
of each set of bars shows the percentage of total days of margin and contingency available 
as a percentage of the days-to-go in the schedule.

PROGRAM AND PROJECT SUCCESSES UTILIZING PROBABILISTIC 
SCHEDULE RISK ANALYSIS

NASA’s Landsat Data Continuity Mission 
Landsat satellites have continuously acquired multispectral images of the global land 
surface since the launch of Landsat 1 in 1972. The Landsat data archive constitutes the 
longest continuous moderate- resolution record of the global land surface as viewed from 
space. A major objective of the Landsat program is thus to ensure data continuity, with a 
strong desire to have at least two satellites operating on-orbit at any given time to provide 
desired ground revisit frequency.

The focus during development of the Landsat Data Continuity Mission (LDCM) (later to 
be named Landsat 8 once on orbit) was to launch a successor before either of the two 
operating satellites, Landsats 5 and 7, failed. With the Landsat 7 instrument component 
failure in May 2003, which caused a 22% loss of data on all future images from this satellite, 
it increased pressure even further on the LDCM launch date.

During mission formulation, which began in 2001, the LDCM project was directed to pursue 
a series of unsuccessful acquisition approaches that delayed mission development (i.e., a 
commercial data buy, flying a Landsat instrument on NPOESS weather satellites, a firm-
fixed-price mission procurement, etc.). In late 2006, when the project was finally directed 
to develop a satellite using more traditional acquisition methods, pressure to launch quickly, 
prior to the demise of Landsats 5 and 7, was very high. In the NASA Report to Congress 
Regarding Landsat Data Continuity Mission (LDCM) Data Continuity, April 2008, NASA 
management stated, “both Landsat 7 and Landsat 5 are presently experiencing technical 
problems and are expected to run out of fuel in late 2010. Combine this with the most 
expedient development for LDCM and the outcome is that a Landsat data gap is inevitable.” 
This highlights the schedule pressure that was being placed on the project to launch on the 
earliest possible date.

Leading up to LDCM’s Key Decision Point C (KDP-C) of the NASA project lifecycle in 
December 2009, the project performed a Joint Confidence Level (JCL) analysis. The JCL 
was new to the Agency process for establishing project budget and schedule commitments. 
The JCL was used to assess the project baseline and risk posture to calculate two 
confidence levels (50% and 70%) to set two launch dates and associated costs. The analysis 
concluded that the LDCM 50% confidence launch readiness date (LRD) was Dec 2012, 
while the 70% confidence LRD was June 2013. These results were used to clearly illustrate 
to Agency management that even a date of December, 2012 was aggressive, and hence, 
an earlier LRD was not credible. The results also provided a plausible basis to establish 
sufficient budget levels that were correlated with development schedules. As a result, the 
project was directed to baseline the December 2012 LRD while the Agency established an 
external commitment to the Administration and Congress to launch no later than June 2013. 
The JCL analysis proved to be an important tool to analyze and illustrate the degree of risk 
associated with budget and schedule trades, and was effective, in the case of LDCM, to help 
establish sensible Agency direction.

Later launch vehicle manifest changes pushed the LDCM LRD to February 2013. In the end, 
LDCM indeed launched in February 2013, and both Landsat 5 and 7 survived longer than 
expected, although Landsat 5 performed in a more limited capacity for the last year of its 
operational life. Landsat 5 began decommissioning in January, 2013, and Landsat 7 was still 
operational at the time of launch (and still is today), thus avoiding a long-term data gap.
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INTELLIGENCE COMMUNITY SPACE-BASED SIGNAL DETECTION AND 
PROCESSING PROGRAM

Due to the classified nature of the program, the program will not be named. However, the 
story is still valid to the point of this paper… The program was struggling to meet its delivery 
commitments due to ambiguous scope, lack of management discipline, and technical 
challenges. In late 2015, the program and acquisition offices (AO) jointly determined that an 
OTB/OTS was necessary to re-plan the remaining work to provide meaningful earned value 
data and a realistic performance measurement baseline going forward. The program had a 
history of poor cost and schedule performance, and it probably would’ve been cancelled if 
it weren’t critical to national security. Therefore, the program team knew that it had one last 
chance to accurately plan the remaining scope to meet mission needs and avoid cancellation 
of the program and any potential follow-on work.

The program team coordinated and implemented a re-planning effort without constraining 
work to specific dates, but rather coming up with a high-confidence plan to accomplish the 
remaining scope.

The team worked shoulder-to-shoulder with the AO to define scope with clear, objective exit 
criteria and detail plan the scope into an executable IMS. This strategy created buy-in and 
accountability for the IMS across all stakeholders. Risk and opportunity management boards 
(ROMBs) were held throughout the shoulder-to-shoulder process to define and capture risks 
and opportunities to the new plan. The R&Os were qualitatively assessed for pre-mitigated 
probabilities of occurrence and minimum and maximum schedule impacts if realized. 
Risk mitigations were defined and captured to determine post- mitigated probabilities of 
occurrence and corresponding schedule impacts if realized.

Prior to finalizing the IMS, an integrated schedule risk assessment (SRA) was performed to 
determine the amount of schedule margin necessary to provide a high-confidence (80%) 
plan. All program projects were included in the SRA to model impacts across project 
handoffs. The entire R&O register was also included to model the probabilistic impact from 
each discrete risk and opportunity to the program IMS. Risk factors were applied to each 
IMS task to measure the estimation variability or duration uncertainty of the task durations. 
Along with the probabilistic quantitative measurement for estimation variability and discrete 
risks, the SRA simulation measured the schedule impact due to merge bias. The SRA 
software combined all three of these contributing factors to produce a probabilistic S-curve 
for each major milestone within the IMS. The program team used the results of the SRA to 
determine the necessary margin duration and placement within the IMS along the critical 
path to yield an 80% probability for each major project delivery. The margin was discretely 
planned as margin tasks within the IMS and folded into the program’s margin management 
philosophy. Schedule margin was tracked weekly, and margin usage required program 
manager approval. This planning strategy and margin management philosophy proved to 
be very successful. All of the remaining project deliveries within the program were delivered 
on time or early to the baseline plan dates, and the final project delivery completed in July 
of 2017. This was a huge success story and magnificent turnaround for a distressed program, 
which ultimately lead to sole-source follow-on work. There is no question that the follow-on 
work will use the same probabilistic modeling strategy to determine the baseline plan.

NRO Implementation of SRAs
The National Reconnaissance Office is maturing capabilities to use Schedule Risk 
Assessment across the enterprise. Contractors perform SRAs to provide confidence 
levels associated with milestone dates. Government program offices perform SRA in 
advance of Integrated Baseline Reviews, Standing Review Boards, and Milestone Decisions. 
Independent groups such as the Cost and Acquisition Assessment Group and Aerospace 
Corporation provide independent schedule risk assessment when requested by programs 
or senior management. Here are two specific examples when the SRA provided insightful 
and actionable information: In support of a milestone review for a satellite technology 
demonstration program, the review chair requested a series of independent schedule risk 
assessments. The SRA of the space segment provided insight into the confidence level 
of the baseline launch date as well as 50th and 80th percentile launch dates for program 
planning. An SRA of the integrated schedule for space and ground identified a need for 
more integrated planning of ground contracts, modeling interdependencies between 
contracts in the IMS. As a result of the SRAs and associated discussions, the standing review 
board was able to assess schedule achievability for the milestone decision, and the program 
developed a better vertically integrated schedule.
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NRO relied upon schedule risk assessment results and analysis to respond to Congressional 
Intelligence oversight committee inquiries for an NRO Program. The committee wanted to 
know the status of a satellite launch that would deliver a new capability, and asked for a 
range of dates with the probability of success of each date. The NRO performed this analysis 
and provided a credible response to Congressional oversight. Congress accepted the NRO’s 
recovery plan.

REFERENCES - STANDARDS AND GUIDANCE THAT ALREADY EXIST ON 
THIS TOPIC:

Existing government and industry guidance on topics related to validating and verifying the 
critical path and margin through probabilistic analysis are as follows:

The Defense Contract Management Agency (DCMA) Manual 3101-02, Program Support 
Analysis and Reporting, provides guidance on program support analysis and reporting, 
including both cost and schedule indicators.32 The DCMA EVMS Program Analysis 
Pamphlet (PAP) includes the DCMA 14 Point Schedule Metrics, which were developed 
to identify potential problem areas within a contractor’s schedule. Overall, the metrics 
encourage the development of a CPM schedule, and the CPLI metric tests the integrity 
of the critical path by intentionally delaying tasks to ensure no broken logic exists within 
the network. DCMA also highlights the importance of variance analysis to identify top 
cost and schedule drivers. However, no insight is given on the importance of SRA and 
how to account for and manage schedule margin.33

The Department of Defense (DoD) requires an Integrated Program Management 
Report (IPMR) Implementation Guide per the Data Item Description (DID) 81861A. The 
IPMR Implementation Guide contains data for measuring contractor’s cost and schedule 
performance on DoD acquisition contracts. The IPMR DID suggests that the use of 
margin is an optional technique, and that margin activities, when used should only be 
placed as the last task before key contractual events, significant logical/test milestones, 
end item deliverables, or contract completion. The document discusses using SRAs for 
determining margin durations, but not for establishing margin task locations. In addition, 
the IPMR DID does not distinguish between margin and buffer.34

The Government Accountability Office (GAO) Schedule Assessment Guide identifies 
its Best Practice 6 as “Confirming That the Critical Path is Valid.” It highlights how to 
ensure that the schedule is continuous through all activities and that the network is free 
from constraints and lags. The Schedule Assessment Guide recognizes the importance 
of managing a critical path as it relates to project success. It states that “without clear 
insight into a critical path, management cannot determine which slipped activities will 
be detrimental to key project milestones and program finish date.”35 The document also 
provides guidance on the importance of SRA with respect to critical path management 
stating that “conducting a schedule risk analysis (Best Practice 8) may reveal that, with 
risks considered, the path most likely to delay the program is not critical path or longest 
path in the static (deterministic) CPM schedule. The risk analysis may identify a different 
path or paths that are risk-critical.”36 The Schedule Assessment Guide provides guidance 
for performing SRAs to aid in establishing “contingency” (i.e., “margin” as it relates to 
this paper); however, it does not discuss reallocating margin that ends up not being 
needed or is needed elsewhere in the schedule to manage new risks.

National Aeronautics and Space Administration (NASA) provides guidance on how 
to identify and manage a critical path in its Schedule Management Handbook. The 
guidebook gives the characteristics of credible critical path and explains how it can be 
dynamic as the schedule evolves. It also recommends conducting a SRA to determine 
the adequacy of schedule margin and gives guidance for schedule margin placement, 
but does not go into specifics of how to analyze the SRA for the establishment and 
allocation of margin.37

The National Defense Industrial Association (NDIA) Planning and Scheduling 
Excellence Guide (PASEG) also provides guidance on the importance of critical 
path analysis, schedule risk assessments (i.e., analysis) and how it relates to schedule 
margin. Guidance is given on how to analyze the critical path and the necessity of 
using the results of SRA to identify probable schedule growth. “The Schedule Risk 
Assessment (SRA) enables Program Managers to estimate the time and significance 
of those risks. This is achieved by identifying the highest risk items along the critical 
and near critical paths in the schedule.”38 It also states that the concepts of schedule 
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margin and using critical and driving paths to make Program decisions is necessary 
to project management.39 This guide supports that schedule risk analysis helps 
validate the sufficiency of schedule margin duration.40 The PASEG does not discuss 
specific processes for updating the SRA results as a means to continually manage and 
potentially reallocate schedule margin.

The Project Management Institute (PMI) Project Management Body of Knowledge 
(PMBoK) and Practice Standard for Scheduling provide information on critical path 
method (CPM) schedules and how float is calculated, as well as critical chain method 
schedules and the use of buffers to account for uncertainties. The PMBoK describes 
modeling techniques based off of schedule duration uncertainties and alternate (risk) 
scenarios for performing what-if analysis that “can be used to assess the feasibility 
of the project schedule under adverse conditions, and in preparing contingency and 
response plans to overcome or mitigate the impact of unexpected situations.”41 The 
Practice Standard for Scheduling states that “in CPM, a significant margin is contained 
in all activities, but when exposed and aggregated (instead of being distributed 
and hidden in individual activities), its risk absorption will be greater by orders 
of magnitude.”42 These documents also discuss topics such as “safety margins,” 

“managing time buffers,” and “contingency reserve,” but do not explicitly discuss 
the concept of schedule margin or explain the process for establishing or “exposing” 
schedule margin.

CONCLUSION

The DCMA, DoD, GAO, NASA, NDIA, and PMI each have guidance on critical path analysis 
and margin allocation; however, none of the guidance follows through with a process 
description of how to iterate these activities to identify a risk-informed critical path coupled 
with establishing and managing margin. This white paper purports to bridge that gap by 
providing projects management techniques that can be employed throughout the project’s 
life cycle, which will help to continually validate and verify allocated schedule margin based 
on a thorough analysis of deterministic critical path activities, as well as the schedule 
uncertainties and risks that may or may not be on the deterministic critical path. This more 
holistic approach of understanding how the project’s true critical path results from the 
consideration of task durations and sequencing, as well as schedule risks and uncertainties 
at any given point in time, provides a solid basis of estimate for not only establishing and 
tracking margin, but for actively managing margin activities. The continual use of SRAs to 
risk-inform the schedule allows for risk impacts and the impacts of mitigation activities to be 
better understood and can aid in providing justification for project management decisions 
on how risks are managed and margin is allocated.

TERMS AND DEFINITIONS
Buffer – Blocks of time within the schedule (working days) that are associated with key 
events or risks, but are not located on the primary critical path, thereby not impacting the 
project’s completion date. Note: Buffer activities should not be confused with margin or 
contingency.

Crashing – A technique whereby resources are applied to tasks to perform the work in 
shorter period of time, thereby accelerating the overall schedule duration.

Critical Path – A sequence of tasks or activities that represents the longest path through a 
project, which determines the shortest possible project duration.

Critical Path Method (CPM) – A project modeling technique used to estimate the minimum 
project duration and determine the amount of flexibility in each of the logic network paths.

Critical Tasks (activities) – Any task that may or may not be on the critical path but has 
been identified by management to be given this distinction due to the inherently “risky” or 

“uncertain” nature of the task.

Contingency (days) – Non-working days in the schedule (such as holidays or weekends) that 
could be used to overcome performance delays. Note: Contingency is not to be confused 
with margin/working- days that are used to overcome uncertainties and risks.

Deterministic Critical Path – The critical path as defined by a logically-linked schedule 
without the inclusion of margin.
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Discrete Risk – An uncertain event that can be quantified by a likelihood (probability) 
of occurrence and a distribution of consequences (impacts). Impacts can be positive or 
negative outcomes.

Driving Path – Effectively, the critical path to an end item other than project completion.

Effective Margin – The overall duration of margin that is calculated by zeroing out the 
margin tasks.
Note: The cumulative margin may not equal the sum of the individual margin durations.

Fast Tracking – A technique whereby task are performed in parallel to accelerate the plan.

Hammock Tasks – A grouping of tasks that "hang" between two end dates to which the 
grouping is tied.

Hard Constraints – Constraints that restrict an activity from starting or finishing earlier 
or later than planned, eliminating the logic-driven flow within the schedule and ignoring 
dependencies. Examples are Must Finish On, Must Start On, Start-No-Later-Than (SNLT), and 
Finish-No-Later-Than (FNLT). Note: Hard constraints should be avoided in a SRA. 43

Management Reserve – A portion of the authorized project budget value set aside to handle 
uncertainty and risks.

Margin (days) – A separately planned quantity of time (working days) above the planned 
duration estimate to be used specifically address risks and uncertainty.

Probabilistic Critical Path – The most likely critical path identified after a Schedule Risk 
Analysis has been run. This path represents the sequence of tasks on a logically linked 
schedule that determines the shortest duration of the project, with the consideration of 
duration uncertainty and discrete risks. It is also referred to as the stochastic critical path.

Schedule Risk Analysis (SRA) – An analytical process of using statistical techniques to 
quantify the likelihood of meeting project’s milestone with the consideration of schedule 
risks and uncertainty.

Slack/Float – The amount of time an activity can be delayed prior to impacting the 
completion date of the project.

Soft Constraints – Constraints that restrict an activity from starting or finishing early, but 
allow the activity to start or finish later than planned. Start-No-Earlier-Than (SNET) and 
Finish-No-Earlier-Than (FNET) are considered soft constraints. Delays are allowed to 
permeate the schedule and given available float, possibly impact the project’s completion 
date.44

Technical Critical Path – A path identified by the project that is composed of high-risk 
technical activities that are presumed to be “critical.” Note: The technical critical path may 
not be the deterministic critical path or the probabilistic critical path; a SRA should be run to 
confirm whether or not the technical critical path might in fact be critical.

Uncertainty (Duration Uncertainty) – The indefiniteness about a project’s baseline plan. An 
unknown event that cannot be quantified, usually reflected as percentages of task durations, 
although, it may be quantified as a three-point task duration estimate.

Footnotes:
1) The deterministic schedule is one that does not take into account any variability or randomness in 
the project’s completion time. Thus, the deterministic critical path is calculated from the deterministic 
estimate of activity durations.

2) Project Management Institute (PMI). A Guide to the Project Management Body of Knowledge 
(PMBOK), Fifth Edition. ANSI/PMI 99-001-2013. 2013. Page 177.

3) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 59.

4) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 59.

5) Dangling task or activities are those that do not have logic start and/or finish ties (i.e., tasks that do 
not have at least one successor or predecessor), and are therefore not connected to the overall network.
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6) “A hammock activity (also hammock task) is a schedule or project planning term for a grouping of 
tasks that ‘hang’ between two end dates it is tied to.” https://en.wikipedia.org/wiki/Hammock_activity

7) Government Accountability Office (GAO) Schedule Assessment Guide. December 2015. Pages 82-86.

8) PMI. PMBOK, Fifth Edition. ANSI/PMI 99-001-2013. 2013. Page 177.

9) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 26.

10) Defense Contract Management Agency (DCMA). Earned Value Management System (EVMS) 
Program Analysis Pamphlet (PAP). DCMA-EA PAM 200.1. October 2012. Page 32.

11) DCMA. EVMS PAP. DCMA-EA PAM 200.1. October 2012. Page 19

12) GAO. Schedule Assessment Guide. GAO-16-89G. December 2015. Page 118.

13) PMI. Practice Standard for Scheduling, Second Edition. 2011. Page 35.

14) GAO Schedule Assessment Guide. GAO-16-89G. December 2015. Page 99.

15) NASA. Working Whitepaper - Methodologies for Modeling Uncertainty in JCL Analysis. March 2015. 
Page 5.

16) NASA. Working Whitepaper – Methodologies for Modeling Uncertainty in JCL Analysis. March 2015. 
Page 5.

17) Opportunities may be similarly modeled, such that they have associated probabilities and impacts. 
The difference is that the impacts will reflect potential gains in schedule or schedule buy-back.

18) NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 15.

19) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 46. 

20) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 65. 

21) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 67.

22) NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 73.

23) NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 73.

24) NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 74.

25) Additional discussion on “contingency” can be found in the sections entitled, Managing the Need for 
More Margin than is Available (p. 24) and Monitoring, Tracking, and Controlling Margin Consumption (p. 
25).

26) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 46 and 65.

27) This is consistent with how deterministic schedules are defined for use in SRAs. The National 
Defense Industrial Association (NDIA) Planning and Scheduling Excellence Guide (PASEG) states, “If a 
Schedule Margin task is used in the IMS, its durations should be zeroed out prior to running a SRA such 
that the Schedule Margin task does not impact the probability calculations of the discrete tasking in the 
IMS.” Page 150.

28) Additional guidance on integrating post-mitigated risks (risk mitigation efforts and residual risks) 
are documented in the paper, “Methodology for Integrating Risk Mitigation Activities into JCL Analysis. 
(Hornback, Justin and James Taylor. 2015 ICEAA Conference

29) The authors of this paper acknowledge that while risk tornado charts based on correlation 
coefficients are widely used and supported by probabilistic risk analysis tools, recent research has 
shown that “ranking risks by correlation coefficients is not a good sensitivity measure, especially for 
schedule.” (Kuo, Fred. “A Mathematical Approach for Cost and Schedule Risk
Attribution.” NASA 2014 Cost Symposium.) Another alternative for determining “optimal” schedule 
margin allocation is the Ruhm-Mango-Kreps Algorithm. (Fussell, Louis. “Margin Allocation Using the 
Ruhm-Mango-Kreps Algorithm.” 2016 NASA Cost Symposium.)

30) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 59.

31) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Pages 45-46.

32) Defense Contract Management Agency (DCMA). Manual 3101-02, Program Support Analysis and 
Reporting. DCMA-MAN 3101-02. November 2017.

33) Defense Contract Management Agency (DCMA). EVMS PAP. DCMA-EA PAM 200.1. October 2012. 
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Page 28.
34) Department of Defense (DoD). Integrated Program Management Report (IPMR) Implementation 
Guide. February 5, 2016. Page 36.

35) GAO Schedule Assessment Guide. GAO 16-89G. December 2015. Page 87.

36) GAO Schedule Assessment Guide. GAO 16-89G. December 2015. Page 88.

37) NASA Schedule Management Handbook. NASA/SP-2010-3403. March 2011. Page 124.

38) NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 149

39) NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 207.

40) NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 17.

41) PMI. PMBOK, Fifth Edition. ANSI/PMI 99-001-2013. 2013. Page 180.

42) PMI. Practice Standard for Scheduling, Second Edition. 2011. Page 15.

43) NDIA, Integrated Program Management Division. PASEG, Version 3.0. March 9, 2016. Page 57.
44) GAO Schedule Assessment Guide. GAO 16-89G. December 2015. Page 37.
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