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As this issue went to press, we received the exciting news that three 
scientists were awarded the Nobel Prize in Physics for their discovery of 
gravitational waves emanating from the collision of two black holes a billion 
light years distant. Einstein predicted gravitational waves as a consequence 
of his General Theory of Relativity a century ago, but theorized the signals 
would be so small as to be undetectable.

The scientists – Rainer Weiss, Kip Thorne and Barry Barish – are part of an international team 
of some 1,000 people representing many countries that conceived, operate and use data 
from the Laser Interferometer Gravitational Wave Observatory (LIGO) – the most sensitive 
measuring instrument ever made. The first observatories, funded by the National Science 
Foundation, were built in Livingston, Louisiana and Hanford, Washington. They made the 
initial confirmed observation in 2015. Other observations have since been made, with a third 
observatory in Pisa, Italy now adding to the science and soon to be joined by another in Japan.

An article in The Guardian on October 3 said “In the end, detection required a peerless 
collaboration between experimentalists, who built one of the most sophisticated detectors 
on Earth, and theorists, who figured out what a signal from two black holes colliding would 
actually look like.” See https://www.theguardian.com/science/2017/oct/03/nobel-prize-
physics-discovery-gravitational-waves-ligo

However, the article did not acknowledge the role played by integrated program 
performance management. Readers who attended EVM World in 2016 will recall the keynote 
by Mark Coles of NSF on “LIGO, Black Holes and the Management of Big Science Projects.” 
Or as he put it: “How was it possible for a few university physics professors to get and spend 
more than $1 Billion of federal money to design, construct, and operate a major scientific 
research facility?”

Mark’s answer was exactly what one would expect for a complex project. “Construction of 
LIGO contained these essential aspects of a modern mega-project:

• Work Breakdown Structure  
 - Matched to the organizational structure 
 - Deliverable oriented

• Bottom-up, risk adjusted budget

• Resource loaded schedule

• Earned Value Management system

• Configuration management system 
 - Formal scope and contingency control

• Rigorous oversight of major subcontractors”

CPM and NSF enjoy a strong relationship. The NSF Large Facilities Office, headed by Matt 
Hawkins, is implementing the “best practices” described in the GAO’s cost and schedule 
guides and sharing their experiences with our members. CPM is honored to support our NSF 
colleagues and to help them create more and better science through better management. 
We extend our congratulations to the Nobel awardees and the entire LIGO team.

MESSAGE FROM THE PRESIDENT
Wayne Abba
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LETTER FROM THE EDITOR(S)

Rick and I are ending our first year as editors of The Measureable News. As all editors would say, 
it’s been a journey. We’ve learned several things that would have been obvious to anyone trained 
in the editing business. I was told these things after the fact by a neighbor who is a journalist. 

• Stay focused on your audience – what do they need to hear about and read about to 
inform their lives and, in this case, inform their jobs

• Ruthlessly manage the content to meet that goal

• Solicit content from experts 

• Have a framework for the content

In our second year, we’ve made a pact to follow these guidelines. 

One framework for program success is described in the paper titled “The 5 Immutable 
Principles of Program Success.” Rick Price, Tom Coonce, and I have discussed these principles 
for many years. They originated on several Department of Energy programs I have worked. 
Rick and Tom have had similar experiences in their aerospace and defense careers.

With this set of Principles, Rick and I will now solicit, as well as screen, papers that fall into one or 
more of these principles, with the emphasis on increasing the probability of program success. 

We feel this will focus The Measureable News around Integrated Program Performance 
Management and support the CPM mission to share, promote, and advance the best of 
planning, control, and performance management for projects of all size and complexity.

Thanks to the 2017 IPMW Sponsors and Exhibitors!

www.ipmworkshop.org

Thanks to the 2017 IPMW Sponsors & Exhibitors! 

www.ipmworkshop.org 
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ABSTRACT 

 
1) Guide to Capability-Based 
Planning, The Technical 
Cooperation Program, JSA-TP-3

This paper describes 5 Immutable Principles, the practices that implement 
them, the artifacts that are generated from the practices, and most 
importantly, how the Program Manager can put these principles and 
practices to work in a variety of business and technical domains.

1. WHAT DOES DONE LOOK LIKE?
Done is the set of Capabilities delivered to the stakeholders, provided by the program. 
Capabilities answer the question–what does the system do to achieve the beneficial 
outcomes for the customer? 

Capability-Based Planning means: planning under uncertainty, to provide capabilities suitable 
for the wide range of needs for the business or mission, while working within an economic 
framework that requires choices be made.1

The work to deliver the needed Capabilities must be decomposed to clearly define both the 
outcomes and the work needed to produce those outcomes.

2. HOW ARE WE GOING TO GET TO DONE?
Starting with each desired capability, a set of technical and operational requirements must be 
built. Each requirement must be testable and traceable to the desired capability.

These requirements provide the Strategy for the successful completion of the program. 
This Strategy is further developed as a time-based schedule of the work needed to arrive 
at DONE. The Plan and the Schedule describe the increasing maturity of the program’s 
deliverables, in units of measure meaningful to the decision makers.

3. DO WE HAVE ENOUGH RESOURCES, TIME, AND MONEY TO GET TO 
DONE AS WE PLANNED?
Once we know what DONE looks we need to determine whether we have enough of 

“everything” and when it’s required to reach DONE to satisfy the customer. This includes staff, 
facilities, equipment, and material to reach DONE as planned.

4. WHAT IMPEDIMENTS WILL WE ENCOUNTER ALONG THE WAY?
Risk management continually assesses what can go wrong in the program, determines 
which of these risks are most important, and implements strategies to handle them. Risk 
Management is not Issue Management. Risks are things that may happen in the future with 
some probability of occurrence. Risks, when they do happen, will have an undesirable impact 
on the program.

5. HOW CAN WE TELL WE ARE MAKING PROGRESS TO PLAN?
With our plan, schedule, resources and a clear and concise description of DONE, how can 
we tell if we’re making progress toward DONE? Do we know how much progress we should 
make at some point in the future? What are the units of measure for this progress?
These measures must be in units of Evidence-Based Percent Complete against Planned 
Percent Complete. Doing “good work” is not enough.

THE 5 IMMUTABLE PRINCIPLES OF PROGRAM SUCCESS
By Rick A. Price, Tom J. Coonce, and Glen B. Alleman
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PRINCIPLE NUMBER 1
The 1st Immutable principle is to answer the question: What Does Done Look Like? The 
Program Management Institute (PMI) as well AACEI Total Cost Management (TCM) guidance, 
suggests we start by defining the requirements. Other program management methods 
suggest this as well. This is inadequate - requirements need a reason to exist.

Our approach starts with defining the needed System Capabilities, answering the question 
Why are we doing this program? Why is the customer willing to spend money to have the 
work performed?

If we don’t have an answer to Why, it is difficult to determine which of the requirements – 
technical or operational – can be assigned a value and which requirements take precedence. 
To answer the question Why, we must define a set of needed capabilities. 

The term capability, as used here, may be foreign to some program managers, so let’s look at 
a simple definition of the term:

ca·pa·bil·i·ty – the capacity of being used.

This definition is a bit too simple. It’s from TOGAF® (The Open Group Architectural 
Framework). The capacity of being used needs to be applied to a program and the products 
produced by that program. The noun capability can now be used with a verb in program 
management Capability Planning. We need to plan the needed capabilities the system will 
produce, before we can know why we are implementing specific requirements.

Capability–Based Planning has long been entrenched in the Defense domain in the US, UK, 
Australia, and Canada. The associated governance mechanisms, as well as rigorous capability 
derivation (capability engineering), has emerged from the systems engineering domain. What 
does a capability sound like? Here are some actual capability statements from programs 
we’ve worked:

• We need the capability to control the Hell Fire Missile with a new touch panel while 
maintaining existing navigation and guidance capabilities in the helicopter.

• We need the capability to change the Wide Field Camera and the internal nickel hydride 
batteries, while doing no harm to the telescope.

• We need the capability to fly four astronauts to the International Space Station, dock, 
stay six months, and return safely.

• We need the capability to upload software in flight for orbital maneuver corrections, to 
successfully enter Mars’ gravitational field for a safe landing.

• We need the capability to pre-process insurance claims at $0.07 per transaction rather 
than the current $0.11 per transaction.

• We need the capability to remove 1½ hours from the retail ordering process once the 
merger is complete.

• We need the capability to comply with FAR Part 15 using the current ERP system and its 
supporting work processes.

When we try to answer the question what does done look like, we need more than the 
cost, schedule, and technical requirements to be fulfilled. We need to see that there is a 
pre–agreed upon set of capabilities that are now available to the users of the resulting 
system. We need tangible evidence that the capability produced by the program is present, 
meets the Measures of Effectiveness and Performance and adheres to the Key Performance 
Parameters and Technical Performance Measures.

Five Immutable Principles
1. What Does DONE Look Like?
1. How Do We Get There?
1. Do We Have Enough Time, 

Resources, and Money To Get 
There?

1. What Impediments Will We 
Encounter Along The Way?

1. How Do We Know We Are 
Making Progress? 
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Figure 1 – Capabilities Based Planning starts with identifying customer needs through of scenarios rather than technical requirements. 
This approach answers the questions why do I want this and what am I going to do with it when I get it? The Concept of Operations 
(ConOps) containing the scenarios that implement the needed capabilities. With the ConOps, the requirements are derived that fulfill 
each Capability. [2] 

 

  

                                                           
2 “Guide to Capability-Based Planning: The Technical Cooperation Program, Joint Systems and Analysis Group, 
Technical Panel 3,” and Appendix B to Enclosure C, JCIDS Manual, 12 February 2015. 

Figure 1 – Capabilities Based Planning starts with identifying customer needs through 
scenarios rather than technical requirements. This approach answers the questions why 
do I want this and what am I going to do with it when I get it? The Concept of Operations 
(ConOps) contain the scenarios that implement the needed capabilities. With the ConOps, the 
requirements are derived that fulfill each Capability.2

PRINCIPLE NUMBER 2
With the description of Done established, the 2nd Immutable Principle tells us how to reach 
Done as planned. The first step is to distinguish planning from scheduling and the execution 
of the schedule. 

There are three elements in answering the question, How Do We Get There?

1. The Plan – the strategy for the successful completion of the program.
2. The Schedule – the steps and timing needed to fulfill the Plan.
3. Execution – the physical performance of these steps to deliver the results defined in 

the Plan.

A good Plan tells us:

• What DONE looks like in units of measure meaningful to the decision makers. These 
units include Measures of Effectiveness (MOE), Measures of Performance (MOP), Key 
Performance Parameters (KPP), and Technical Performance Measures (TPM). Notice that 
these measures do not include cost and schedule. While necessary, cost and schedule 
performance measures have little to do with the program’s ability to accomplish the 
technical mission of the stakeholders.

• What are the Accomplishments along the way toward done, that must be in place for 
success?

• What are the Criteria for each of these Accomplishments, which tell us that we’ve 
successfully completed them as defined?

• What is the sequence of the work that produces the tangible evidence of compliance 
with the Criteria?

• With the Plan established let’s look at Table 1 for ways to improve the credibility of the 
resulting Integrated Master Schedule.
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Table 1 – steps for improving the credibility of the Integrated Master Schedule. The activities 
and the artifacts increase the Probability of Program Success (PoPS). 
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▪ What are the Accomplishments along the way toward done, that must be in place for success? 
▪ What are the Criteria for each of these Accomplishments, which tell us that we’ve successfully completed 

them as defined? 
▪ What is the sequence of the work that produces the tangible evidence of compliance with the Criteria? 
With the Plan established let’s look at Table 1 for ways to improve the credibility of the resulting Integrated 
Master Schedule. 

Table 1 – steps for improving the credibility of the Integrated Master Schedule. The activities and the artifacts increase the 
Probability of Program Success (PoPS).  

Planning and Scheduling Activities Artifacts that provide improvements to the credibility of the schedule 

Build the requirements in a 
requirements management tool 

✓ A trace from requirements to the work activities of the schedule. 
✓ Only do the work that produces the planned value to the customer. 

Build the Plan before you build the 
program schedule 

✓ Define the strategy for success before defining the steps to implement that strategy 
✓ Define the Measures of Effectiveness (Customer facing) and Measure of 

Performance (Engineering facing). 

Manage the program with a program 
management tool 

✓ Excel and PowerPoint are worthless, don’t make lists, make activity networks 
instead. 

✓ All tasks need successors and predecessors to define the critical path 

Make task durations fit a duration 
guideline 

✓ Answer the question: How long are you willing to wait before you find out you’re late 
or over budget?  

✓ Define tasks to level of detail needed to integrate resources and produce an 
actionable status. 

✓ Make task durations match the risk.  

Use RACI to assign accountability for 
the deliverables ✓ Single points of accountability are required for all deliverables. 

Every task has a deliverable 
✓ Do only work that produces value to the customer.  
✓ Level of Effort is not necessary in the Plan but can be identified and tracked in the 

Schedule. 

Have a Plan–B and a Plan–C ✓ Bad things happen to good programs – plan on this and have alternatives. 

All costs and durations are random 
variables 

✓ Know the built in variances. 
✓ Never use Point Estimates to make decisions. 

Five Immutable Principles 

1. What Does DONE Look Like? 
2. How Do We Get There? 
3. Do We Have Enough Time, 

Resources, And Money To 
Get There? 

4. What Impediments Will We 
Encounter Along The Way? 

5. How Do We Know We Are 
Making Progress?  

With the Plan in place, the Schedule defines the sequence of work to produce the 
deliverables. The schedule provides the mechanism to assess forecasted impacts based on 
current status, much like a GPS recalculates as we move our vehicle down the road. But this 
schedule must define what DONE looks like first, before defining the work efforts to get to 
DONE. This approach starts with defining the maturity assessment points in the program 
where we ask and answer the question – what level of maturity for each deliverable is needed 
at this point in the program to continue to make progress as planned.

PRINCIPLE NUMBER 3
The 3rd Immutable Principle of successful program management processes is answered by 
the question Do We Have Enough Of Everything We Need To Reach Done as Planned? 

By everything it means time, money, resources, facilities, support, and any other item needed 
to successfully complete the program. 

The first question has to be how do we know what we need? The answer to that starts with 
applying Reference Class Forecasting to development of the Performance Measurement 
Baseline (PMB). The PMB is a negotiated time–phased budget plan for accomplishing 
work, against which contract performance is measured. It includes the budgets assigned to 
scheduled control accounts and the applicable indirect budgets. What this means is we know 
what work we need to perform, in what order we need to perform that work, what we have 
budgeted for the performance of that work, and most importantly, what the outcomes of 
that work are and how they are connected to the answers to the first two questions – What 
does done look like and How do we get there?

When we look closer at the PMB, there are three baselines, as shown in Figure 2.

The Performance Measurement Baseline (PMB) is the primary assessment document for 
assuring the credibility of a program plan. The PMB is the baseline of the cost, schedule and 
deliverables for each Work Package in the plan.

Constructing the PMB requires knowledge of the business requirements, skill in developing 
the Work Packages that produce the deliverables for these requirements, and discipline 
in assembling the cost, schedule and relationships between the Work Packages. It is the 
discipline that requires the most focus for the planners and program controls staff. Without 
this discipline, the development of a credible baseline is simply not possible. 

In the end the Program Manager must “know” in intimate detail each work effort, its 
deliverables and resource requirements, the performance measurement criteria and the 
dependencies that form the critical path through the program schedule.

The concept of a Deliverable is at the core of the Performance Measurement Baseline (PMB). It 
results in the deliverables the customer purchased, not the work effort to produce the deliverables.

Five Immutable Principles
1. What Does DONE Look Like?
1. How Do We Get There?
1. Do We Have Enough Time, 

Resources, and Money To Get 
There?

1. What Impediments Will We 
Encounter Along The Way?

1. How Do We Know We Are 
Making Progress? 
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• Deliverables are the ultimate units of measure of progress to plan.

• Deliverables are what the customer has paid money for.

• Deliverables contain the business capabilities and the associated value that fulfills the 
requirements of the business plan.

The details of the three baselines in Figure 2 are: 

The Technical Performance Baseline is the requirements flowdown and traceability map for 
each end item deliverable in the program.

• A critical performance measure of the Technical Performance Baseline is the stability of 
requirements. The expected technical achievement for the actual progress is compared 
using periodic measurements or tests starts with the Technical Performance Baseline.

• An important aspect of the Technical Performance Baseline is to define the units of 
measure for each deliverable that defines what “done” looks like at each incremental 
assessment of maturity.

The Schedule Performance Baseline is the sequence and timing of Work Packages and 
Planning Packages that produce the products or services from the program. This baseline 
contains the schedule margin derived from the Monte Carlo simulation described in DID 
81861A, DID 81650 or similar requirements document.

The Cost Performance Baseline is the “authorized time-phased budget-at-completion (BAC) 
used to measure, monitor, and control overall cost performance on the program.” This budget 
is held in the cost accounting system and used to connect the work effort with the planned 
budget for each deliverable.

 

The details of the three baselines in Figure 2 are:  

The Technical Performance Baseline is the requirements flowdown and traceability map for each end item 
deliverable in the program. 

▪ A critical performance measure of the Technical Performance Baseline is the stability of requirements. 
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that produce the products or services from the program. This baseline contains the schedule margin derived 
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The Cost Performance Baseline is the “authorized time‒phased budget‒at‒completion (BAC) used to measure, 
monitor, and control overall cost performance on the program.” This budget is held in the cost accounting 
system and used to connect the work effort with the planned budget for each deliverable. 

 

Figure 2 ‒ The three elements of the Performance Measurement Baseline. The Technical Baseline is the requirements flow down and 
traceability map for each deliverable. The schedule baseline is the sequence of Work Packages and Planning Packages that produce 
the products or services from the program. The Cost Baseline is the “authorized time‒phased budget‒at‒completion (BAC) used to 
measure, monitor, and control overall cost performance on the program.” 

 

  

Figure 2 – The three elements of the Performance Measurement Baseline. The Technical 
Baseline is the requirements flow down and traceability map for each deliverable. The 
schedule baseline is the sequence of Work Packages and Planning Packages that produce 
the products or services from the program. The Cost Baseline is the “authorized time-phased 
budget-at-completion (BAC) used to measure, monitor, and control overall cost performance 
on the program.”
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3) Abstracted from Earnest Gann’s 
Fate is the Hunter, Chapter VI 
“Of Numbers and their power to 
reduce the presumptuous quickly.”

PRINCIPLE NUMBER 4
The 4th immutable principle of successful program management answers the question; 
What are the impediments we’ll encounter along the way and how do we deal with them to 
mitigate impacts to progress to ensure they are eliminated or minimized?

Discovering and handling risks is a primary role for program management and the technical 
staff. For this effort to be successful there must be sufficient skills and experience to both 
identify and manage identified risks. A useful quote that sets the tone for this effort:

Program managers should be continuously wary. This sustained attitude only comes from 
experience.3

The first step in managing risks is recognizing there is a step by step process for addressing 
each risk.
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Figure 3 – The US Department of Defense risk management process is a thorough and 
proven best practice.  

There are many Risk Management frameworks. The Department of Defense framework described in the Risk 
Management Guide for DOD Acquisition is the standard for all complex programs. Other frameworks leave 
out process details and may create more risk than they remove. 

Risk is a measure of future uncertainties in achieving program performance goals and objectives within 
defined cost, schedule and performance constraints. Risk can be associated with all aspects of a program 
(e.g., threat, technology maturity, supplier capability, design maturation, performance against plan) as these 
aspects relate across the Work Breakdown Structure (WBS) and Integrated Master Schedule (IMS). Risk 
addresses the potential variation in the planned approach and its expected outcome. While such variation 
could include positive as well as negative effects, this guide will only address negative future effects since 
programs have typically experienced difficulty in this area during the acquisition process.  

▪ Risk Management – is an organized, closed loop methodology for continuously identifying and 
measuring the unknowns; developing handling options; selecting, planning, and implementing 
appropriate risk mitigations; and tracking the implementation to ensure successful risk reduction. 

                                                           
3  Abstracted from Earnest Gann’s Fate is the Hunter, Chapter VI “Of Numbers and their power to reduce the presumptuous quickly.” 
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Figure 3 – The US Department of Defense risk management process is a thorough and 
proven best practice. 

There are many Risk Management frameworks. The Department of Defense framework described 
in the Risk Management Guide for DOD Acquisition is the standard for all complex programs. 
Other frameworks leave out process details and may create more risk than they remove.

Risk is a measure of future uncertainties in achieving program performance goals and 
objectives within defined cost, schedule and performance constraints. Risk can be associated 
with all aspects of a program (e.g., threat, technology maturity, supplier capability, design 
maturation, performance against plan) as these aspects relate across the Work Breakdown 
Structure (WBS) and Integrated Master Schedule (IMS). Risk addresses the potential 
variation in the planned approach and its expected outcome. While such variation could 
include positive as well as negative effects, this guide will only address negative future 
effects since programs have typically experienced difficulty in this area during the acquisition 
process. 

• Risk Management – is an organized, closed loop methodology for continuously 
identifying and measuring the unknowns; developing handling options; selecting, 
planning, and implementing appropriate risk mitigations; and tracking the 
implementation to ensure successful risk reduction.

• Effective risk management - depends on risk management planning, early identification 
and analysis of risks, early implementation of corrective actions, continuous monitoring 
and reassessment and communication, documentation, and coordination.

• Risk Planning – is the process of developing and documenting an organized, 
comprehensive, and interactive strategy and methods for identifying and tracking 
risk areas, developing risk handling plans, performing continuous risk assessments to 
determine how risks have changed, and assigning adequate resources.

• Risk Assessment – is the process of identifying and analyzing program areas and critical 
technical process risks to increase the probability / likelihood of meeting cost, schedule, 
and performance objectives.

• Risk Handling – is the process that identifies, evaluates, selects, and implements options 

Five Immutable Principles
1. What Does DONE Look Like?
1. How Do We Get There?
1. Do We Have Enough Time, 

Resources, and Money To Get 
There?

1. What Impediments Will We 
Encounter Along The Way?

1. How Do We Know We Are 
Making Progress? 



15The Measurable News    2017.03    |    mycpm.org

in order to set risk at acceptable levels given program constraints and objectives.

• Risk Monitoring – is the process that systematically tracks and evaluates the 
performance of risk handling actions against established metrics throughout the 
acquisition process and develops further risk handling options, as appropriate.

In nearly every guide for managing risk it is suggested that risk mitigation is the “handling” 
strategy. This only works where the uncertainty driving the risk is epistemic by nature. Risk 
that is either impossible or impractical to reduce needs to be addressed and handled by 
other means. This includes the use of schedule margin to manage a schedule risk when the 
risk cannot be effectively reduced by active, budgeted mitigation efforts.
.
PRINCIPLE NUMBER 5
The 5th and final immutable principle of successful program management answers the 
question How Do We Know We Are Making Progress as Planned? 

With a clear and concise description of DONE, in units of measure meaningful to the decision 
makers, with a Plan and a Schedule baseline established for delivering the outcomes, with 
confirmation that we have enough resources, time, and money, with the impediments 
identified and handling plans in place, the remaining question is how do we know we are 
going to make it on–time, with the planned budget, and that the product or service is going 
to work?

The solution starts with defining the measures needed to answer the question. These 
measures include:

• Mission need – stated in terms of Capabilities needed to accomplish the desired outcome. 
The mission, vision, and strategic goals are derived from the Program Management Plan 
(PMP), Program Charter, or Program Strategy (Program Balanced Scorecard).

• Measures of Effectiveness (MoE) – operational measures of success that are closely 
related to the achievements of the mission or operational objectives evaluated in the 
operational environment, under a specific set of conditions. These measures are stated 
in units meaningful to the buyer, focused on capabilities independent of any technical 
implementation, and are connected to the mission success.

• Measures of Performance (MoP) – characterize physical or functional attributes relating 
to the system operation, measured or estimated under specific conditions. These 
measures assure the system has the capability to perform and provide an assessment 
that ensures the system meets the design requirements that satisfy the Measures of 
Effectiveness

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

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

 

 

Figure 4 - these measures provide progress to plan. Each measure has units tailored to the needs of the recipient. The 
customer speaks in terms of Mission and Effectiveness. Providers (developers, engineers) speak in units of Performance, 
Key Performance Parameters and Technical Performance Measures. The unit of  measure connecting all of these is 
Earned Value. [4] 

All measures of Effectiveness and Performance are in tangible units. These Completion Criteria speak to Done. 
For example: 

▪ All drawings of the configuration controlled item completed per engineering procedures. Signed off, and 
entered into the database as completed. 

▪ Software module unit tested and peer reviewed to attest to the baseline functionality and requirements. 
▪ Technical data package for design of the fire detection system completed per engineering procedures 

and meets all baselined, allocated requirements, and technical performance criteria. 
▪ Courseware module completed per learning objective procedures. 
▪ Test procedure completed and approved and includes all baselines and allocated requirements. 

Phrases like this appear to be overkill. But ask this question how do we know what done looks like? The answer 
should be in tangible evidentiary materials delivered, typically defined in the Work Breakdown Structure 
Dictionary. 

Well defined criteria are the key to integrating all 5 Immutable Principles. In order for these principles to 
enable program success, you do not get to choose which of the 5 to implement.  All are mandatory. 

  

                                                           
4  “Technical Measurement: A Collaborative Projects of PSM, INCOSE, and Industry,” INCOSE-TP-2003-202-01 and 

“Systems Engineering Measurement Primer: A Basic Introduction to Measurement Concepts and Use of Systems 
Engineering,” INCOSE-TP-2010-005-02 
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Figure 4 - these measures provide progress to plan. Each measure has units tailored to the 
needs of the recipient. The customer speaks in terms of Mission and Effectiveness. Providers 
(developers, engineers) speak in units of Performance, Key Performance Parameters and 
Technical Performance Measures. The unit of measure connecting all of these is Earned 
Value.4

All measures of Effectiveness and Performance are in tangible units. These Completion 
Criteria speak to Done. For example:

• All drawings of the configuration controlled item completed per engineering procedures. 
Signed off, and entered into the database as completed.

• Software module unit tested and peer reviewed to attest to the baseline functionality and 
requirements.

• Technical data package for design of the fire detection system completed per 
engineering procedures and meets all baselined, allocated requirements, and technical 
performance criteria.

• Courseware module completed per learning objective procedures.

• Test procedure completed and approved and includes all baselines and allocated 
requirements.

Phrases like this appear to be overkill. But ask the question how do we know what done looks 
like? The answer should be in tangible evidentiary materials delivered, typically defined in the 
Work Breakdown Structure Dictionary.

Well defined criteria are the key to integrating all 5 Immutable Principles. In order for these 
principles to enable program success, you do not get to choose which of the 5 to implement. 
All are mandatory.

INCREASING THE PROBABILITY OF PROGRAM SUCCESS IS ABOUT 
MEASURING PROGRESS
Increasing the Probability of Program Success (PoPS) requires asking and answering the 
5 Immutable Principles. This is necessary but not sufficient. For success, program Health 
Factors are needed for calculating this probability of program success. These health factors 
provide objective and quantifiable measures for comparing and evaluating the likelihood of 
success for a program. This evaluation and comparison starts with determining the factors 
that adversely impact success of the program execution:

• Program Requirements
 – Parameter requirements – progress toward defining capability requirements and 

meeting those requirements through achievement of Measures of Effectiveness, 
Measures of Performance, Key Performance Indicators, and Technical Performance 
Parameters.

 – Scope evaluation – stability of capability requirements (scope or quantity) from the 
previously established baseline and the impact of requirements changes on program 
cost and schedule.

 – Concept of Operations (ConOps) – Progress toward developing the Concept of 
Operations (CONOPS) and using it to inform program requirements and strategies.

• Program Resources 
 – Budget – as affected by current year funding for the planned work.
 – Staffing – stability and adequacy of technical and managerial staff.

• Program Planning and Execution
 – Cost and schedule estimating – Adequacy and status of cost and schedule estimating 

activities, the confidence level associated with the current cost and schedule estimate, 
and the difference between independent cost estimates.

 – Cost and schedule performance – measures of physical percent complete against 
planned percent complete at planned evaluation intervals

 – Subcontractor planning and performance
 – Test and evaluation performance – progress toward defining and executing the Test 

and Evaluation Strategy/Test and Evaluation Master Plan (TEMP) and the adequacy 
of test resource capabilities to accomplish key test activities. Status of identified 
performance risks, issues and major deficiencies.

 – Technical maturity – Identification and tracking of Critical Technology Elements (CTEs) 
to ensure technologies are sufficiently mature [based on Technology Readiness Level 
(TRL) requirements] and available to meet the user’s needs.

 
4) “Technical Measurement: A 
Collaborative Projects of PSM, 
INCOSE, and Industry,” INCOSE-
TP-2003-202-01 and “Systems 
Engineering Measurement 
Primer: A Basic Introduction to 
Measurement Concepts and Use 
of Systems Engineering,” INCOSE-
TP-2010-005-02
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 – Program risk assessment – assessment of technical and programmatic risks, the risk 
handling processes and the risk retirement plans embedded in the Integrated Master 
Schedule (IMS) and Performance Management Baseline (PMB).

 – Contract execution – performance for major subsystems measured by the Earned 
Value Management.

• Externalities that positively and negatively impact program success
 – Fit for mission – solution alignment with ConOps and business or mission objectives.
 – Program advocacy – support for program demonstrated by key stakeholders.
 – Interdependencies – integration assessment of shared crucial, significant, or enabling 

interdependencies.

These health factors are decomposed into metrics, assessed using criteria tailored to the 
program’s lifecycle. 

With the 5 Immutable Principles stated as questions …
1. What does Done Look Like in units of measure meaningful to the decision makers?
2. What is the Plan to reach done with needed Effectiveness and Performance 

Measures, complying with the needed Key Performance Parameters, and having 
each deliverable meet the Technical Performance Parameters to accomplish the 
mission or fulfill the business strategy?

3. What are the needed resources, in the form of staff, facilities, technology, time and 
money?

4. What impediments will reduce the probability of success, what are the mitigations 
for those reducible impediments, and what is the margin for the irreducible 
impediment?

5. How are we measuring physical percent complete against the planned performance 
for each deliverable?

… we now need metrics that provide information on where to dig deeper to make sure 
things stay on track or identify what needs to change to get back on track. Metrics used in 
combination with other metrics can often be far more useful than any single metric, just as 
trends in metrics are far more revealing than single data points.

With the metrics that answer the questions of the 5 Principles, the program and technical 
management and the stakeholder will have insight into the probability of success of the 
program as well as the actionable information needed to Keep the Program Green.

By adhering to the Five Immutable Principles to establish, control, measure, and manage, 
Program Management is far more capable of making decisions that increase the probability 
of achieving program success.
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ABSTRACT A path, 10 years after NDIA’s Project Earned Value and Risk Management 
Integration (see graphic from 2007 NDIA Application Guide)

This article is about two mnemonics, CREST (Challenges, Resources, Evaluation, Schedule, 
Technical) and CAIRO (Constraints, Assumptions, Issues, Risks and Opportunities). The 
CREST items help you see in front of your project’s path, as you would as you ride the 
crest of a wave or look over the crest of a mountain. The first word in CREST is Challenges, 
which is the term I prefer these days rather than risk, as challenges are broader. I categorize 
challenges into the five areas in CAIRO. I use the two mnemonics as I assess programs or 
help teams set up program control methods. The following article is a quick summary of my 
path to CREST and CAIRO, ten years after the publishing of the EVM and Risk Management 
Integration process in the 2007 NDIA Application Guide.

ROAD TO CAIRO
In 2003, I was interviewed by Harold Kerzner for his book Advanced Project Management: 
Best Practices on Implementation, published in 2004. The interview focused on risk and my 
time on the Global Broadcast System, a major joint program I had taken over as Program 
Manager after it had breached schedule in late 1999. Harold notes the following from the 
interview [page 341]:

“A different approach had to be taken. Considering the risks on the program, a spiral 
development approach was taken. The requirements were broken into various initial 
operating capability packages to be delivered on one year increments… A critical chain 
schedule, an approach that places an emphasis on getting all work done as quickly as 
possible, was employed. The 'normal' schedule was built using standard estimates for 
how long each work package would take with both a success path and alternative paths 
for various risk mitigation strategies. Risk that could not be mitigated within the schedule 
were pushed off to a later release of the software. This revised level of work set the 
EVM baseline. The critical chain method then cut those standard estimates by 50% and 
built buffers at the need of the schedule. This pulled any slack out of the schedule and 
provided a sense of urgency on almost every package… In the first 6 month delivery, the 
program met the overall schedule because processes had been improved that reduced 
rework, but also buffers were available to absorb the realized schedule risk. Critical to the 
buy in by the team was setting the EVM baseline on the standard schedule and not on 
the critical chain schedule. “

I note this because I got flak from several “Earned Value experts” within various services 
about how I was doing earned value wrong with my risk mitigation approach. This topic 
made it all the way to the review with the Milestone Decision Authority (MDA) for the major 
joint program with a flag officer making a passionate speech that the program manager did 
not understand earned value. The MDA knew my father and his involvement as one of the 
creators of EVM. I was asked whether I had reviewed my approach with my father, which I 
had. The discussion reminded me of my father’s saying, “never let the tool control the hand 
that uses it.” My father’s emphasis was to use EVM as the management tool it was set up to 
be, not just as a reporting tool. GBS was a proven risky project, since it had already breached 
in schedule, in which setting baselines to aggressive schedules was going to produce a lot of 
negativity with no benefit. As it turned out, we not only delivered the first six months ahead 
of expectation, we also delivered the second round ahead of schedule. We put the program 
back on a delivery track. An active quantitative risk management approach was at the center 
of the effort.

That experience, along with numerous others from the other four major programs I worked 
on, formed my own saying, which is also quoted in Kerzner’s book, “A good measure of how 
well the risk process is working on a program is simply to ask yourself. ‘How many issues 

MY PATH TO THE CREST, LOOKING DOWN THE ROAD 
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biting at the project team were identified risks?’ If the answer is less than 50 percent, your 
management is more crisis than structured.” I have used this metric on numerous occasions 
to highlight to program leadership that more attention to CREST and CAIRO has huge 
benefit in avoiding a significant amount of the chaos on the program.

In early 2000, I was in NDIA’s working groups and got to co-chair the EVM and Risk working 
group for several years. Cost, Schedule, and Technical performance, often referred to as the 
three-legged stool to balance, is often well addressed on the program. Risk Management, 
especially quantitative risk management and general uncertainties within the established 
baselines for those three legs, has traditionally lagged in discipline and breadth. There is no 
reason we should not be just as disciplined. As I noted in my guest editor’s comments to 
the Acquisition Review Quarterly, Spring 2003, “risk management has been recognized as 
a critical process in weapons system acquisition since the 1960’s… Over the past ten years 
[that was late 1990s], the ability to integrate risk management tools with transitional cost, 
schedule, and performance monitoring tools has been greatly enhanced.” 

The processes continue to progress, with linkage of EVM and Risk outlined in the 2007 NDIA 
Application Guide, the result of the EVM/Risk working group. The 2009 GAO Cost Estimating 
and Assessment Guide, Best Practices for Developing and Managing Capital Program Cost, 
GAO-09-3SP, confirmed the linking of EVM and Risk Management was a best practice, along 
with linking cost, schedule, and performance. The GAO guide notes, “… efforts should result 
in an executable program baseline that is based on realistic costs, schedule, and technical 
goals and that provides a mechanism for addressing risks” (Page 200, Chapter 18). I often 
think we should add a criterion to the traditional EVM set of criteria which requires challenge 
transparency. That is, how challenged (think those CAIRO areas) is the baseline for cost, 
schedule, and technical? Should we not try to understand and document the challenges 
given the baseline that is set?

 

It has been 10 years since NDIA published the EV and Risk Management integration graphic (see 
graphic).  Over those 10 years, I’ve found it very useful to expand risk to challenges, a more neutral and 
broader term.  It is very useful to look beyond risks to constraints, assumptions, issues, risks, and 
opportunities.  Thus the mnemonic CAIRO.  The challenges, broken into the CAIRO structure should be 
based on the baseline that is set (we will come back to this thought later in the discussion).   Expanding 
the scope of risk management, which is the one knowledge/process areas listed in PMI standards at the 
portfolio, program and project levels, will help us understand what might drive changes to our baseline, 
and it the job of the program team to manage those challenges to the baseline, whether positive or 
negative.  Could your challenges on your program be better managed within earned value concepts if 
you also walked the road to CAIRO! 

If you take the road to CAIRO, you should embrace quantifying, not just qualifying, the challenges.  The 
GAO Cost Estimating and Assessment Guide, Best Practices for Developing and Managing Capital 
Program Cost, GAO-09-3SP, notes “risk and uncertainty are often used interchangeably,” but in 
statistics, which is key to this concept, “[r]isk is the chance of loss or injury … Uncertainty is the 
indefiniteness about the outcome of a situation.”  The guide notes that “point estimates alone are 
insufficient for good decisions.”  It goes on to discuss that “management needs a risk-adjusted point 
estimate based on an estimate of the range of confidence to make wise decisions.”  Qualitative analysis 
is not enough; we must take our analysis into quantitative modeling of cost and schedule of the system 
if we are to really improve our situation awareness in a manner which facilitates informed decision 
making.   NASA has coined this approach as Risk-Informed Decision Making (RIDM).   (Note - For further 
discussion on using challenges (risks) within a model to make decisions, there is a good discussion on 
Risk Informed Decision Making (RIDM) in the NASA Risk Handbook, SP-2011-3422. Version 1.0.)  One 
should embrace the approach so we can increases robustness in the transparency the management 
team has on the challenges affecting the control account tasks, and thus the overall effort’s baselines. 

It has been ten years since NDIA published the EV and Risk Management integration graphic 
(above). Over those ten years, I have found it very useful to expand risk to challenges, a more 
neutral and broader term. It is very useful to look beyond risks to constraints, assumptions, 
issues, threats, and opportunities. Thus, the mnemonic CAIRO. The challenges, broken into 
the CAIRO structure, should be based on the baseline that is set (we will come back to this 
thought later in the discussion). Expanding the scope of risk management (which is the 
one knowledge/process area listed in PMI standards at the portfolio, program and project 
levels that will help us understand what might drive changes to our baseline), is the job of 
the program team. They must manage those challenges to the baseline, whether positive 
or negative. Could the challenges on your program be better managed within earned value 
concepts if you also walked the road to CAIRO?

If you take the road to CAIRO, you should embrace quantifying, not just qualifying, the 
challenges. The GAO Cost Estimating and Assessment Guide, Best Practices for Developing 
and Managing Capital Program Cost, GAO-09-3SP, notes “risk and uncertainty are often used 
interchangeably,” but in statistics, which is key to this concept, “[r]isk is the chance of loss 
or injury … Uncertainty is the indefiniteness about the outcome of a situation.” The guide 
notes that “point estimates alone are insufficient for good decisions.” It goes on to discuss 
that “management needs a risk-adjusted point estimate based on an estimate of the range 
of confidence to make wise decisions.” Qualitative analysis is not enough. We must take our 
analysis into quantitative modeling of cost and schedule of the system if we are to really 
improve our situational awareness in a manner that facilitates informed decision making. 
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NASA has coined this approach as Risk-Informed Decision Making (RIDM). (Note - For further 
discussion on using challenges [risks] within a model to make decisions, there is a discussion 
on Risk Informed Decision Making [RIDM] in the NASA Risk Handbook, SP-2011-3422. Version 
1.0.) One should embrace the approach to increase the transparency to the challenges 
affecting the control account tasks, and the overall effort’s baselines.

PATH TO THE CREST 
We will focus on control accounts because that should be the highest level at which a 
program is being managed. It has been a best practice for decades for the control account 
manager (CAM) to “develop reliable Estimate Costs at Completion” [AFSC October 1976, 
page 101]. How we do those estimates is key. Are we reading the qualitative risks and 
opportunities and creating a quantitative analysis?

Path to the CREST  

We will focus on control accounts because that should be the lowest level in which a program is being 
managed.  It has been a best practice for decades for control account manager (CAM) to “develop 
reliable Estimate Costs at Completion” [AFSC October 1976, page 101].    But how we do those 
ESTIMATES is key.   Are we reading 
our qualitative risks and 
opportunities and in our head 
coming up with a three point 
estimate, or are we moving to true 
quantitative analysis.  

What are the challenges to consider 
in the “future conditions” of the 
baseline.   The EVM guidelines 
states the  
following: 

Guideline 2.5(f) reads, “Develop revised estimates of cost at completion based on performance 
to date, commitment values for material, and estimates of future conditions. Compare this 
information with the performance measurement baseline to identify variances at completion 
important to company management and any applicable customer reporting requirements, 
including statements of funding requirements.”  Guideline 2.5(e) reads today, “Implement 
managerial actions taken as the result of earned value information.” 

These detailed EV guidelines specific come under the general areas of “determining value and using the 
data to drive management actions.”  Challenge modeling allows implementation of managerial actions 
that optimizes future conditions as the result of increased situational awareness today about that 
future.   This allows for proactive management within a systems management environment.   This is 
done by looking into the future at a minimum with a cost model that can produce a cumulative 
distribution function. 

We don’t just need baselines, we need to understand the range of possibilities and what drives the 
ranges for the future work in the baseline (see chart).  In this example, the Mission Control/Ground 
Station software portion of the baseline has a range of approximately $90M to 105M on the remaining 
work, the ETC.  Given the inputs that drove the range, the performance to date and the challenges in the 
future,  we can get visibility in how past performance and current and future challenges might impact 
our plan.   Our goal is for management to affect short- and long-term change to the plan, and thus the 
activities of the team, through timely wise decision-making.  This allows us to have a proactive posture, 
which should be our goal in control account management.   

What are the challenges to consider in the “future conditions” of the baseline? The EVM 
guidelines states:

Guideline 2.5(f) states, “Develop revised estimates of cost at completion based 
on performance to date, commitment values for material, and estimates of future 
conditions. Compare this information with the performance measurement baseline to 
identify variances at completion important to company management and any applicable 
customer reporting requirements, including statements of funding requirements.” 
Guideline 2.5(e) reads, “[Today] implement managerial actions taken as the result of 
earned value information.”

These EVM guidelines specifically come under the general areas of “determining value and 
using the data to drive management actions.” Challenge modeling allows implementation 
of managerial actions that optimize future conditions as the result of increased situational 
awareness today about that future. This allows for proactive management within a systems 
management environment. This is done by looking into the future at a minimum with a cost 
model that can produce a cumulative distribution function.

We do not just need baselines, we need to understand the range of possibilities and what 
drives the ranges for the future work in the baseline. In this example, the Mission Control/
Ground Station software portion of the baseline has a range of approximately $90M to $105M 
on the remaining work, the ETC. Given the inputs that drove the range, the performance to 
date, and the challenges in the future, we can get visibility of how past performance and 
current and future challenges might impact our plan. Our goal is for management to affect 
short-term and long-term change to the plan, and thus the activities of the team, through 
timely decision-making. This allows us to have a proactive posture, which should be our goal 
in control account management.

The individual distributions are driven by the selected findings incorporated into the model 
- those that look back on past performance, in this case the EVM performance metrics, 
along with those looking forward at the upcoming challenges. This combination produces a 
cumulative distribution curve that represents the possibilities when placed within the cost 
model. This can be done at any summary level of the WBS that has data below it. The chart 
below shows the Estimate at Completion (EAC) for the Firebird program six months post 
CDR where the contractor's EAC is just over $850M. The models incorporating the team’s 
findings have produced distribution curves over the past several months (Mar, Apr, May and 
Jun) that show a wide range of possibilities, (approx. over $150M) that are getting wider and 
have migrated farther away from the contractor's Latest Revised Estimate (LRE).

The model shows the contractor’s estimates over the past four months (all have been the 
same point estimate) are likely unrealistic given the findings documented by the team. 



22 The Measurable News     2017.03    |    mycpm.org

Within the model, the program team can drill down to specific major WBS’s, such as the 
Mission Control Subsystem and find the major drivers to the uncertainties. In this case, the 
contractor’s LRE at this lower level WBS is just under $59M while the team’s distribution is 
from $88M to $106M, a considerable increase over the contractor’s prediction. The team can 
further drop into specific WBS elements at the control account level and see the WBS 1.3.6.2, 
Mission Attack Software Development, and 1.3.10.1, Control Station Software Integration, are 
the major cost drivers. These are the areas in which the team needs to consider changes to 
the baseline, cost, schedule and/or technical, to get the overall program back on a realistic 
plan. Earned Value concepts allow for this visibility, but when the baseline varies far from the 
realities, decisions and actions are needed to get the baseline back to a manageable state.

The individual distributions are driven by the selected findings that are incorporated into the model. 
Those that look back on past performance, in this case the EV performance metrics, along with those 
looking forward at the upcoming challenges.  The combination produces a cumulative distribution curve 
that represents the possibilities when placed within the costs model.   This can be done at any summary 
level of the WBS that has data below it.  The chart below shows the Estimate at Completion (EAC) for 
the Firebird program 6 months post CDR where the contractors (KTR) EAC is just over $850 million.  The 
models incorporating the team’s findings have produced distribution curves over the past several 
months (Mar, April, May and Jun) that show a wide range of possibilities (approx. over $150M) that is 
getting wider and migrated farther and farther away from the contractors point Latest Revised Estimate 
(LRE).   The model shows that the contractor’s estimates over the past four months (all have been the 
same point estimate) are likely very unrealistic given the findings documented by the team.   Within the 
model, the program team can drill down to specific major WBSs, such as the Mission Control Subsystem 
(see chart above) and find the major drivers to the uncertainties.   In this example case the contractors 
LRE at this lower level WBS is just under $59M while the team’s distribution is from $88M to $106M, a 
considerable increase over the contractor’s prediction.   The team can further drop into specific WBS 
elements at the control account level, if the model is run at that level, and see the WBS 1.3.6.2, Mission 
Attack Software Development, and 1.3.10.1, Control Station Software Integration, are the major costs 
drivers.   These are the areas in which the team needs to consider changes to the baselines, cost, 
schedule and/or technical, to get the overall program back on a realistic plan.   Earned Value concepts 
allow for this visibility,  but when the baseline varies so far from the realities, decisions and action is 
needed to get the baseline back to a manageable state.   

The mathematical approaches have been around for years and don’t need to be complicated.  
Aerospace Report AIAA-
92-1054, FRISK – Formal 
Risk Assessment of 
System Cost Estimates by 
Philip H. Young was 
published in 1992 and 
provides a basic method 
of statistical summation 
of WBS elements up 
through the child parent 
relationship.    Industry tools, such as SNA Software’s Proteus Envision tool, and government tools such 
as ACE-IT, have relatively easy steps to accomplish capturing the linkages and development of the 
distribution curves.  Many of the tool already integrates EVM, Schedule, and Risk analysis with easy 
methods to pull in other data elements as desired.   We will focus on control accounts because that 
should be the lowest level in which a program is being managed.  It has been a best practice for decades 
for control account manager (CAM) to “develop reliable Estimate Costs at Completion” [AFSC October 
1976, page 101].   

The mathematical approaches have been around for years and do not need to be 
complicated. Aerospace Report AIAA-92-1054, "FRISK – Formal Risk Assessment of System 
Cost Estimates," by Philip H. Young was published in 1992 and provides a basic method of 
statistical summation of WBS elements up through the child parent relationship. Industry 
and government tools have relatively easy steps to accomplish capturing the linkages and 
development of the distribution curves. Many of the tools integrate EVM, Schedule, and 
Risk analysis with easy methods to pull in other data elements as desired. The details of 
this approach can be found in US Patent Pending: US 2012/0215574 A1 document posted at 
http://www.google.com/patents/US20120215574.
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ABSTRACT The application of Earned Value Management (EVM) provides insight to 
a project’s performance, thereby providing management information 
useful for project control. Many projects, especially those that are large, 
establish milestones in their schedules. Milestones are used to assess 
progress, usually by evaluation of product characteristics, at an interim 
point significant to the project. Although EVM plays a role, the method is 
not focused on milestone achievement. To address this perceived void, this 
paper introduces an Earned Schedule method for determining, in process, 
the achievability of a specific milestone.

INTRODUCTION
EVM and ES provide management information about current performance; i.e., performance 
efficiency and variance from the cost and time estimates comprising the project’s 
performance baseline. As well, the two methods are used to forecast the cost and duration 
at project completion. EVM and ES are oftentimes applied to components of a large project 
to provide more management granularity. The categories of management information, 
derived for project components, are identical to the total project; i.e., performance efficiency, 
variance, and end-point forecasts. In this mode, the EVM/ES approach does not provide an 
assessment regarding achievement of a project milestone.2

Assessing milestone achievement through the application of EVM and ES is somewhat of a 
mind-twist. The assessment desired is different from their current use. That is, it is not for 
present or past status periods, nor for project completion. Rather, the analysis interest, the 
milestone, is scheduled at a time in-between the two. This difference is significant and raises 
the question:

Using EVM/ES methods, is assessment of milestone achievability possible?

Describing the approach, the calculations, and methods is the goal of this paper. Hopefully, 
by the conclusion the answer will be recognized, “Yes, it can be done.” 

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]. 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]. As well, to simplify and encourage 
usage the ES Calculator spreadsheet is freely downloadable from the ES website.2 
Additionally, commercial EVM tools provide ES analysis capability.3

 
Article was published previously in 
February 2017 issue of PM World 
Journal (Vol VI, Issue 2).
1) For this paper, the term 
“milestone” is intended as a 
generic term, interpreted as any 
event important to the project that 
has dependence upon achievement 
of earned value.
2) The ES website URL is www.
earnedschedule.com.
3) Refer to the EVM Tools page of 
the ES website.

FORECASTING SCHEDULE VARIANCE
USING EARNED SCHEDULE
By Walt Lipke, PMI® Oklahoma City Chapter
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4) Recent research has shown that 
PF(t) = 1.00 provides reasonable 
forecasts. [Vanhoucke et al., 2015].
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4 Refer to the EVM Tools page of the ES website. 
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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.

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(t)

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(t) term, appearing in formula 2, is a performance factor; for example, SPI(t) 
for the last three performance periods could be used when believed it better represents the 
expected future execution efficiency.4 

The creation of ES also provides facility for determining the performance efficiency required 
to complete the project within the PD, an estimated or desired duration (ED), or specified 
date. The to complete schedule performance index (TSPI) is defined as follows:

 TSPI = (PD – ES) / (PD or ED – AT)

The values computed at each project status point for IEAC(t) and TSPI provide very good 
management information. It is well established that ES yields reasonably good project 
duration forecasts that improve with project progress. [Vanhoucke et al., 2007] [Crumrine et 
al., 2013] [Lipke, 2015] Recently, research of TSPI, using real data, has shown that when the 
value of the indicator exceeds 1.10 the likelihood of completing the project on time is very low. 
[Lipke, 2016]

MILESTONE ASSESSMENT
It is an interesting problem: 

Just how can SPI(t), SV(t), IEAC(t), and TSPI be evaluated for a milestone?

Assessing performance for milestone achievement is similar to the ES application to critical 
path (CP) analysis. [Lipke, 2006] To analyze performance for the CP, its performance 
baseline is required. From the schedule and the estimated values of cost and duration for the 
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tasks comprising the CP, the associated PMB can be created. Having the baseline, ES analysis 
of the CP can be performed just as for the project.

Milestone analysis capability is created in the same manner. The project tasks specifically 
required for milestone success are identified and used to prepare its performance baseline, 
i.e. PMBM. Just as for the CP, once the performance baseline is established, analysis is 
facilitated for milestone achievement.

To differentiate the EVM and ES measures associated with the milestone baseline, they are 
given the subscript “M”: PVM, EVM, and ESM. As well, the milestone schedule performance 
indicators use the “M” subscript to separate them from those for the project:

 SPI(t)M = ESM / AT
 SV(t)M = ESM – AT

Additionally, the forecasting and prediction formulas require modification for milestone 
application. Instead of project completion, the determination is for the milestone of interest. 
Thus, the duration used in the formulas must change from the project (PD) to the milestone 
duration (MD). Substituting MD for PD, the formulas become:

1. IEAC(t)M = MD / SPI(t)M
2. IEAC(t)M = AT + (MD – ESM) / PF(t)
3. TSPIM = (MD – ESM) / (MD or EDM – AT)

where EDM is the estimated or desired milestone duration.

Usually, the milestone duration will not coincide with the conclusion of a status period. Thus, 
as a general case, it will have a value that is not an integer.

Because the durations associated with milestones are at interim points within the project, 
a forecast schedule variance is reasoned to have good management utility. The forecast 
indicates how many days the project is ahead or behind at the scheduled duration of the 
milestone. As well, the project manager knows the amount of calendar time between now 
and the milestone date; i.e., the window of opportunity to correct or make use of the forecast 
variance.

The forecast schedule variance, F-SV(t), for a milestone is computed using the following 
formula:

 F-SV(t) = MD – IEAC(t)M

As can be deduced, when IEAC(t)M is greater than MD, F-SV(t) will be negative, indicating the 
milestone may not be achieved at the planned time. And, of course, when F-SV(t) is positive 
the expectation is milestone success. 

A milestone may have planned a number of days of slack, for which completion within that 
short period is acceptable. A manager desiring information about milestone achievement 
within the slack period could substitute EDM for MD in the F-SV(t) expression, where 
  EDM = MD + number of days of slack
Milestone Analysis Example
For the example, let’s assume weekly status periods. The period preceding the milestone 
date is number 18; the milestone date is set for 4 days after period 18 with slack equal to one 
day. The project is planned for completion in 27 periods. Thus far, there have been 13 periods 
of execution.
 Figure 2 shows the computed values for the indicators, F-SV(t) and TSPIM. IEAC(t)
M equation 1 was used to calculate the duration forecasts. As observed, there is general 
improvement for both indicators. In an average sense, each is better over the last six periods 
as compared to values during weeks 1 through 7.
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 At week 13, F-SV(t) indicates the project will miss the milestone by two days, 
including the one day of slack; without the slack, the variance would be minus three 
days. The TSPIM value of 1.024 lets the manager know that, with proper action, it is 
possible the two days can be recovered within the next five periods and the milestone 
met. 

Calculation Aid 
A calculation aid has been created, easing the effort of milestone performance analysis. 
The Excel spreadsheet, ES Calculator – Milestone SV(t) Forecast, is available for 
download from the Calculators page of the ES website. 
 A cropped screenshot of the Milestone Forecast worksheet is shown in figure 3. 
It is the calculation results for the analysis example discussed in the previous section. 
For those familiar with ES, you will note, when viewing the full worksheet, that the 
portion of the spreadsheet to the left of the Period column has been taken from the 
basic ES Calculator. Fundamentally, if you are already using the ES Calculator, 
expanding to milestone performance assessment should be a simple matter. 

Figure 2. Milestone Analysis
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At week 13, F-SV(t) indicates the project will miss the milestone by two days, including the 
one day of slack; without the slack, the variance would be minus three days. The TSPIM value 
of 1.024 lets the manager know that, with proper action, it is possible the two days can be 
recovered within the next five periods and the milestone met.

CALCULATION AID
A calculation aid has been created, easing the effort of milestone performance analysis. The 
Excel spreadsheet, ES Calculator – Milestone SV(t) Forecast, is available for download from 
the Calculators page of the ES website.

A cropped screenshot of the Milestone Forecast worksheet is shown in figure 3. It is the 
calculation results for the analysis example discussed in the previous section. For those 
familiar with ES, you will note, when viewing the full worksheet, that the portion of the 
spreadsheet to the left of the Period column has been taken from the basic ES Calculator. 
Fundamentally, if you are already using the ES Calculator, expanding to milestone 
performance assessment should be a simple matter.
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The milestone analysis calculator includes an Instruction sheet as well as an 

Example Data & Results (ED&R) sheet to encourage familiarity and understanding. The 
ED&R sheet contains trial data and computed results. The worksheet also includes a 
Notes insert, providing definitions for the terminology used. 

Summary 
EVM and ES are constructed to provide management information useful for project 
control. As presently employed, they do not directly assist managers in the achievement 
of project milestones. 
 Using the general concepts of EVM and ES, methods are developed for 
computing milestone duration and schedule variance forecasts, IEAC(t)M and F-SV(t), 
respectively. As well, the to complete schedule performance index is adapted for 
milestone management, i.e. TSPIM. The methods created are generally applicable to 
any event, important to the project manager or customer, that has dependence upon the 
achievement of earned value. 
 A milestone management example is presented, illustrating the combined use of 
the forecast schedule variance, F-SV(t), and TSPIM. The resolute nature of the forecast 
variance is shown to provide increased management utility. 

Figure 3. Calculation Aid Screenshot

The milestone analysis calculator includes an Instruction sheet as well as an Example Data & 
Results (ED&R) sheet to encourage familiarity and understanding. The ED&R sheet contains 
trial data and computed results. The worksheet also includes a Notes insert, providing 
definitions for the terminology used.

SUMMARY
EVM and ES are constructed to provide management information useful for project control. 
As presently employed, they do not directly assist managers in the achievement of project 
milestones.

Using the general concepts of EVM and ES, methods are developed for computing milestone 
duration and schedule variance forecasts, IEAC(t)M and F-SV(t), respectively. As well, the to 
complete schedule performance index is adapted for milestone management, i.e. TSPIM. The 
methods created are generally applicable to any event, important to the project manager or 
customer, that has dependence upon the achievement of earned value.

A milestone management example is presented, illustrating the combined use of the forecast 
schedule variance, F-SV(t), and TSPIM. The resolute nature of the forecast variance is shown 
to provide increased management utility.

The calculation aid, ES Calculator – Milestone SV(t) Forecast, has been created to assist 
managers in their effort to achieve milestone success. The calculator is available for 
download from the ES website. 
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In this paper, I give a summary of the research done at the Operations 
Research and Scheduling (OR&S) group on project management and 
control. Much of the research is based on and inspired by professional 
project managers active and experienced in the field. Their valuable input 
has been crucial for defining my research agenda. 

The research outcomes our OR&S research group has obtained in the form of academic 
publications are thanks to their critical comments and never-ending source of inspiration 
from their practical point-of-view. As a researcher in project scheduling, the step towards 
risk analysis and project control, and hence to the Earned Value Management (EVM) 
methodology, seemed to be an obvious step. However, this step was not as easy as I initially 
thought, not because of the huge complexity of the EVM methodology, but rather because 
this field has its origin and roots in the practical (i.e. real) world, and little to nothing was 
done to extend this wonderful and elegant method into a more theoretical setting. In 
the academic workshops I mainly attended at the beginning of my academic career, no 
attention was paid to EVM research, and the focus was mainly on presenting algorithms to 
schedule projects within limited resources. My initial meetings with professionals, through 
my own consultancy, but also by attending workshops such as the ones organized by the 
College of Performance Management, made me realize that there is a strong need for good 
and accurate project control methodologies, such as EVM, rather than only algorithms for 
scheduling projects. From that day, I decided to study this topic from an academic point 
of view. A challenge it was, and grateful I am to everyone who contributed to this inspiring 
search. Keywords: Earned Value Management; Earned Schedule; Academic Research

1. INTRODUCTION
In this paper, I will give a brief overview of the past decade of research done in the field 
of project management and control using Earned Value Management (EVM) and Earned 
Schedule (ES) (further abbreviated as EVM/ES). The purpose of the paper is not to give a 
full overview of the existing material in literature, but rather to give a summary of the last 
10+ years of research done in this field at my OR&S research group in Ghent (Belgium). Since 
much of the work done at OR&S has been inspired and/or defined by various members of 
the College of Performance Management (CPM), I believe that, as a token of my gratitude, 
giving an overview is here at the right place. On the website of the College of Performance 
Management, the Measurable News is presented as a way to provide an opportunity to 
share success-story, innovative practices, or opinions on EVM with the community. Since I 
have been in contact with various members of CPM for years now, I therefore believe that 
an overview of my research outcomes might be interesting and valuable. It is thanks to the 
numerous contacts with professionals from the field that I was able to define my research 
agenda, and I hope that the results did not only contribute to the academic literature, but 
also acted as a source of inspiration for the professionals who helped me so much. However, 
I immediately have to admit that the overview in this manuscript will only contain references 
to academic journals, and not to the more professional oriented journals. Although I truly 
believe in the relevance of these professional journals, I think they differ in one important 
aspect that is crucial to an academic (like me): academic journals only accept papers after a 
peer-reviewed process.

The literature on project control and EVM is rich and diverse, and is spread over various 
journals, some of them with a peer-reviewed process and focusing on academic 
contributions, others with a more business-related orientation and focusing on practical 
relevance. Most of the academic journals are ranked in the Journal Citation Reports of the 
Web of Science and are able to report an impact factor. This index reflects the relative 
importance of a journal, measured by the number of citations to recent articles in the journal. 
On the other hand, numerous articles on EVM are published in journals that provide a reliable 
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source of information for a wide audience and report relevant results or ideas that are 
interesting and of public concern. Quite often, however, these articles lack a methodological 
ground and test of logic and can therefore not always be readily used for research purposes. 
Hence, I believe that the choice of submitting an article to a peer-reviewed academic journal 
or to a more professional oriented journal (such as the Measurable News) is not a matter 
of quality, but rather a choice inspired by and based on the aim of the contribution. As an 
academic, the most important ambition is to add a contribution to the methodology, aiming 
at presenting new results, or performing new experiments, in order to improve the current 
state-of-the-art knowledge. Practical relevance, although crucial for each research study, 
often is of secondary importance, and comes after the theory. This manuscript focuses on the 
theoretical and academic research, and not on the practical relevance of my research studies. 
For this reason, I will only report my academic contributions in this manuscript, and skip any 
other references to professional journals or other outlets.

During numerous conversations I had in the last decade with professional project managers, 
I had the impression that the existence of such a peer-review process is not well-known. In 
academic publishing, the goal of peer review is to assess the quality of articles submitted for 
publication in a scholarly journal. Before an article is deemed appropriate to be published 
in an internationally recognized journal, it must undergo a process to check and recheck its 
quality, to make sure that its contribution is based on a sound and accepted methodology. 
In my book “The Art of Project Management: A Story about Work and Passion” (Vanhoucke, 
2017), I wrote the following about the peer-review process:

“This process is often unknown or not well-understood by practitioners and non-
academics who write articles in the more business-oriented journals. Despite the high 
relevance of these business journals, it is interesting to know that every academic paper 
is the result of years of hard work, literally months of testing on fast computers using a 
sound and proven methodology, additional months to years of working on the revisions 
and of course also a little bit of luck. Every little detail matters and the smallest ambiguity 
can lead to a rejection. There’s no need to mention that we (academics) are proud on the 
outcome of our research.”

Performing academic research is like living a life on its own, sometimes far from reality, 
other times close to business, but always inspired by professional needs. Let me give you an 
overview of the research results at the OR&S group in the next paragraphs.

2. THREE PHASES
Looking back at the research studies done with my team during the last decade, I believe 
that the work has progressed in three major phases. In each phase, I was supported by 
many people from the field, some of them were colleagues and academics from different 
universities and business schools, but often times the people who helped me the most were 
professional project managers I have met at various workshops and company trainings. 
Figure 1 shows a summary of the three research phases, and a short overview of these phases 
is given along the following sections.
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Figure 1: The three phases of my EVM research study 

 
 
2.1  Phase 1. The early years 
 
A comparative study. My initial steps into the world of Earned Value Management started in 
the early years of 2000, when I was working together with Stephan Vandevoorde on the 
integration of scheduling and risk analysis for some projects at the airport. At the time, we were 
running simple Monte Carlo simulations to get an idea about the expected duration and cost of 
real projects, and were looking for an easy-to-use methodology to implement a project control 
system. We quickly ended up with Earned Value Management as an easy-to-implement 
technique, and started to implement the basics of this technique into our spreadsheets. In an 
attempt to rely on the best performing methods to forecast the total project duration, we quickly 
noticed that the popular literature was not always unambiguously clear, and the results were 
not well-structured, or spread among different publications, mostly in the popular literature, 
almost never in the academic literature. That brought us to our idea to write an easy article that 
aimed at comparing three forecasting methods, two of them were well-known and published in 
the literature (the Planned Value Method and the Earned Duration Method ) and a third one (at 
time of doing our simulations somewhat unknown) was presented as the novel Earned 
Schedule Method. This comparative study has been published in the International Journal of 
Project Management (Vandevoorde and Vanhoucke, 2006) and has, in retrospect, 
undoubtedly been the start of much more work in this field. But at that time, we did not realize 
that this could become much bigger than it initially intended to be. On the contrary, as a pure 
academic, I have to confess that this publication was one of the first papers in which I (with co-
author Stephan) did not present very novel methodologies or techniques, no computational 
experiments or complex algorithms, just an easy but fair comparison between three existing 
techniques and that’s it. None of us could have ever predicted that it would become one of our 
most read papers ever (as measured on ResearchGate). 

A simulation study. Happily surprised by the positive reactions of readers, and inspired by 
the findings and fruitful collaboration with Stephan, we quickly decided to repeat the 
comparative study, but this time not by illustrating our findings using simple and trivial 
examples, but rather by an extensive detailed computer experiment. The use of Monte Carlo 
simulation to imitate real world progress in projects is of course a well-known technique in 
academia, but I believe that the specific design of the simulation study (the well-known 9 
simulation scenarios that made a distinction between critical and non-critical activities) was the 
major contribution of the study. It allowed us to test in which scenarios EVM/ES methodologies 
work and in which scenarios they fail, and it also enabled us to detect the main drivers of the 
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implement a project control system. We quickly ended up with Earned Value Management 
as an easy-to-implement technique, and started to implement the basics of this technique 
into our spreadsheets. In an attempt to rely on the best performing methods to forecast 
the total project duration, we quickly noticed that the popular literature was not always 
unambiguously clear, and the results were not well-structured, or spread among different 
publications, mostly in the popular literature, almost never in the academic literature. That 
brought us to our idea to write an easy article that aimed at comparing three forecasting 
methods, two of them were well-known and published in the literature (the Planned Value 
Method and the Earned Duration Method ) and a third one (at time of doing our simulations 
somewhat unknown) was presented as the novel Earned Schedule Method. This comparative 
study has been published in the International Journal of Project Management (Vandevoorde 
and Vanhoucke, 2006) and has, in retrospect, undoubtedly been the start of much more 
work in this field. But at that time, we did not realize that this could become much bigger 
than it initially intended to be. On the contrary, as a pure academic, I have to confess that 
this publication was one of the first papers in which I (with co-author Stephan) did not 
present very novel methodologies or techniques, no computational experiments or complex 
algorithms, just an easy but fair comparison between three existing techniques and that’s it. 
None of us could have ever predicted that it would become one of our most read papers ever 
(as measured on ResearchGate).

A simulation study. Happily surprised by the positive reactions of readers, and inspired 
by the findings and fruitful collaboration with Stephan, we quickly decided to repeat the 
comparative study, but this time not by illustrating our findings using simple and trivial 
examples, but rather by an extensive detailed computer experiment. The use of Monte Carlo 
simulation to imitate real world progress in projects is of course a well-known technique 
in academia, but I believe that the specific design of the simulation study (the well-known 
9 simulation scenarios that made a distinction between critical and non-critical activities) 
was the major contribution of the study. It allowed us to test in which scenarios EVM/ES 
methodologies work and in which scenarios they fail, and it also enabled us to detect the 
main drivers of the accuracy of the methods. One of the most well-known results was that 
the serial/parallel indicator (that expresses the closeness of a project to a complete serial or 
parallel network) could best predict the degree of accuracy of the forecasting techniques. 
The study has been published in the well-recognized Journal of the Operational Research 
Society (Vanhoucke and Vandevoorde, 2007), which made me realize that even the academic 
world could be interested in Earned Value Management. And being an academic in every 
bone of my body, I quickly decided to turn this wonderful domain deeper and closer towards 
academia!

Towards academia. Until that point in time, most of the work I had published in peer-
reviewed academic journals was related to (resource-constrained) project scheduling, 
presenting algorithms and methodologies to improve the quality of project schedules. At 
that time, I was heavily involved in teaching “Project Management” course modules in 
business schools, and I quickly realized that project scheduling is important, as long as you 
could convince the students that this schedule can be useful for something. That something 
quickly became risk analysis and project control. Indeed, while it was often hard to convince 
my MBA students that they should spend some time at building a project baseline schedule, 
it was easy to convince them about the relevance of risk analysis and project performance 
measurement and control. This has directed my research agenda to the integration of 
scheduling, risk analysis and project control which I labelled later as “dynamic scheduling” 
(Vanhoucke, 2012). The problem however was that I had done lots of research on scheduling, 
but little to nothing on the two other facets of dynamic scheduling (risk analysis and project 
control). So I started a new research project, this time with only one goal in mind: extending 
my current research line from scheduling to risk and control and presenting sound and 
novel results that can be published in flagship journals! In my first paper in Omega - The 
International Journal of Management Science (Vanhoucke, 2010b), I relied on the well-known 
schedule risk analysis technique and tested the potential of several well-known schedule 
risk metrics (such as the criticality index, the schedule sensitivity index and the significance 
index) for their power to predict schedule risk. In a second publication in the same journal 
(Vanhoucke, 2011), I extended this study and compared the so-called bottom-up control 
approach with the top-down project control approach and measured the control efficiency 
of both methods. The study experimentally revealed that the structure of the project 
network was the main driver to choose between a top-down or bottom-up project control 
approach. I can fairly say that these two publications (who costed me months of hard work 
behind a computer screen running all kinds of different experiments) have literally changed 
my professional life. From that moment on, I knew that the bridge between academic 
experiments (working on the frontier of knowledge) and practical relevance (providing 
insights to business) is a matter of giving and taking, listening to the professionals at some 
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times, but also forgetting the practical issues at other times, and returning to the ivory tower 
for setting up computational experiments when necessary. My MBA students were my main 
inspiration for keeping the topics close to practical needs, while my academic background 
and urge to explore new research paths kept me going without bothering too much about 
practical issues of implementation. My first book “Measuring Time” (Vanhoucke, 2010a) was 
published by the well-recognized publisher Springer and awarded by the Belgian chapter 
of the Project Management Institute in 2007 and the International Project Management 
Association in 2008. At that time, I was fully aware of the research potential of this research 
topic, and I just knew it could be the beginning of much more. And it was.

2.2 Phase 2. Adding statistics
In 2011, I submitted a research proposal entitled “Searching for static and dynamic project 
drivers to predict and control the impact of management/contingency reserves on a 
project’s success” at Ghent University and received one of the most prestigious grants at our 
university to carry out academic research. The research proposal was intended to be carried 
out at Ghent University (Belgium), in close collaboration with the two business schools 
(Vlerick Business School (Belgium) and UCL School of Management (UK)) where I work, but 
was also strongly supported by people of the George Washington University (USA) and 
CERN (Switzerland). Research is seldom done in isolation, and I am indebted to thank many 
people who helped me defining the research proposal, and the research outcomes resulting 
from it which I will describe here below.

Statistical project control. The extension of project control to statistical project control looked 
like an obvious next step to take, but nothing could be further from the truth. It is indeed easy 
to apply some basic statistical techniques on the EVM metrics to analyse the performance 
of projects in progress, and some attempts had already been done in the popular literature. 
The challenge, however, was not to come up with easy ways to integrate statistics in project 
control but rather in the correct use of these statistical techniques in a sound and theoretically 
correct way. Statistical process control is well-known in the process industry, and collects data 
on a repetitive basis to construct control limits for a manufacturing process. Projects, however, 
are unique endeavours, and therefore, no data is available to construct these control limits. 
Hence, the use of Monte Carlo simulation to generate artificial data for the project under study 
is necessary, and requires a good definition of in-control and out-of-control project behaviour 
(the so-called desired state of project progress), as well as the use of statistical distributions 
to model project uncertainty that imitates reality in the best possible way. The first paper we 
have published about the use of statistical project control was the most difficult one (Colin 
and Vanhoucke, 2014). We had the strong feeling that we had to “convince” the referees that 
the new statistical project control approach has its merits, and that the experiments had 
been carried out in an academic and sound way, following all the specific requirements that 
statistical techniques typically have (such as relying on the correct assumptions, carrying out 
the experiments under a full factorial design and other things that typify academic research). 
In my book “The Art of Project Management: A Story about Work and Passion” (Vanhoucke, 
2017), I have written a chapter entitled “Academic publishing: Quality control using a peer 
review mechanism” in which I wrote the following about our first submission on the use of 
statistical project control:

“One of the first papers we have written about Statistical Process Control is an excellent 
illustration of how hard a peer review process can be, but also how it finally results in 
a much more improved version of the initial manuscript. Our paper has been initially 
submitted in January 2012, and three additional revisions were necessary, leading to 
literally almost 100 extra pages of material and terabytes of additional data to run new 
tests, before it could be accepted. Finally, the paper has been accepted in the third 
revision round in June 2014 under the title “Setting tolerance limits for statistical project 
control using earned value management”.”

Typically in academia, once you have published your first paper on a novel topic, you can rely 
on this foundation to extend the work to more advanced topics. A first paper often gives the 
authors some credibility and allows them to publish much more advanced stuff. In the years 
that followed our first paper, we wrote papers about the comparison of our statistical project 
control methodology with some other similar quantitative approaches in the literature (Colin 
and Vanhoucke, 2015b). We observed that no formal definition existed in the literature for 
defining a desired state of project control, and the unavailability of a benchmark dataset as 
well as the absence of measures to quantify the performance of these methods made the 
comparison of statistical project control methods difficult or even impossible. Therefore, we 
presented a unified framework for testing alternative statistical project control methods 
and set up an exhaustive experiment to compare and to discuss their value for the project 
management practice.
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In a follow-up paper (Colin et al., 2015), we even extended the statistic project control 
methodology to a more advanced multivariate approach using a principal component 
analysis to reduce the number of control metrics. Two new multivariate schedule control 
metrics have been proposed (called T2 and SPE) that can be used to dynamically monitor 
project control charts. A further extension of this multivariate regression approach has 
been discussed in Vanhoucke and Colin (2016), but now using a kernel principal component 
regression method with a radial base function kernel. Heavy stuff at some times, but it always 
resulted in new insights and possible paths for future research. In the paper written by Colin 
and Vanhoucke (2015a), we integrated these EVM/ES methods within a multiple control 
points concept inspired by critical chain/buffer management (CC/BM), and we showed that 
the EVM/ES control approach can be complementary to the concept of using a buffering 
control approach. It is shown that the combined use of different EVM/ES top-down control 
methods can overcome some of the drawbacks of traditional EVM/ES mentioned in the 
literature, while minimally increasing the effort spent by the project manager.

All previous papers made use of Monte Carlo simulations to generate artificial project 
progress data in order to be able to construct control charts with easy or advanced statistics. 
The use of distributions for running the Monte Carlo simulations is key to the accuracy of 
the control charts, and should reflect the real-life behaviour of the project. To that purpose, 
we have written a final paper about the use of a procedure to transform empirical data into 
statistical distributions (Colin and Vanhoucke, 2015c). The paper illustrates how data from 
the construction industry can be used to derive realistic input distributions, and makes use 
of the so-called parkinson simulation model with a lognormal core initially proposed by 
Trietsch et al. (2012). Three possible uses are presented for the calibration procedure and the 
classification in project management simulation studies, and these were validated using a 
case study of a construction company.

Artificial intelligence. The previous studies clearly demonstrated that the use of easy 
or advanced statistical methods can lead to improvements in the quality of accuracy of 
control methods, and inspired us to extend these methodologies to even more advanced 
methodologies borrowed from the field of artificial intelligence and machine learning. 
Although we recognize that the practical implementation of these methods is not for 
tomorrow, they nevertheless showed us that improvements can be found when a data-
driven approach is taken for monitoring projects in progress. In Wauters and Vanhoucke 
(2014), we tested the use of so-called support vector machines for controlling the timing of 
projects, and saw that this advanced machine learning method can lead to improvements 
in the accuracy of project forecasts. Inspired by these promising results, we later extended 
this method to the use of many other advanced methods such as decision trees, bagging, 
boosting and random forests (Wauters and Vanhoucke, 2016) as well as to a much more 
intuitive (and therefore easier to implement) method known as the nearest neighbour 
method (Wauters and Vanhoucke, 2017). Finally, in a last study (Wauters and Vanhoucke, 
2015), the possible trade-off between accuracy and stability when predicting time and 
cost of a project in progress is studied. By means of a large computational experiment on 
a topologically diverse data set, we have analysed how and when accuracy and stability of 
predictions for a project in progress can be obtained.

An overview. Needless to say that the previous search of extending EVM to statistical 
project control and artificial intelligence was an exciting period for our research group, and 
has given us much more new insights that we initially thought. But academic research goes 
slow, and it took us years and years to get all the papers published. It also took me almost 
10 years after my first publication on Earned Value Management before I believed that I 
started to understand the dynamics of project control, and I decided to wait until 2015 to 
write an overview and summary paper about the exciting research done in the literature. The 
summary paper of Willems and Vanhoucke (2015) therefore gives a good overview of the 
current state-of-the-art research in project control and EVM, and highlights some important 
directions for future research.

2.3 Phase 3. Empirical evidence
So far, much of the research done at my research group was highly theoretical, aiming 
at contributing to the academic literature, without focusing much on the practical 
implementation and validity for business. From an outsider (i.e. a non-academic), this 
might look rather strange, working on methods in an artificial setting, ignoring real-world 
applications and testing methodologies on artificial projects, but I believe it is the only 
approach that leads to academic improvements. In one of my books, I used the subtitle “first 
the theory, then the practice” (Vanhoucke, 2014), which is exactly the approach I proposed to 
follow all my research proposals. It makes academic research really academic research. But 
that doesn’t mean I ignored reality!
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About data. Most of the work done so far was tested on artificial project data, either 
taken from literature, or generated by one of our random generators. It is a common 
misunderstanding that generating artificial data is easy as pie, and nothing could be further 
from the truth. During my research stay in Lisbon in 2015 and 2016, me and my friend and 
colleague José Coelho decided to collect everything that we currently knew about the use 
and generation of artificial project data and summarized it in a paper (Vanhoucke et al., 
2016). But apart from our strong focus on artificial data, I believe that the time was ready 
for aiming at some empirical evidence. After years of collecting data, we finally decided to 
propose a framework to collect and evaluate real empirical data such that they can be used 
in studies similar to the ones discussed in the previous paragraph (Batselier and Vanhoucke, 
2015a). From that moment on, we (and others) could test new (theoretical) methods using 
both artificial and real-life data. And so we did.

Empirical validation. We basically re-started much of the work done in the previous 
statistical project control study, but now we aimed at validating our theoretical results on the 
empirical data. Our ambition was to confirm or reject the theoretical findings, and to create 
some insights on how and why some methods worked, and why others failed so miserably. 
This is exactly the same ambition as the previous theoretical research, but now done on 
empirical data! In a first paper (Batselier and Vanhoucke, 2015b), the traditional EVM/ES 
techniques to predict the final project duration and costs were used on a set of 51 real-life 
projects, while Batselier and Vanhoucke (2015c) extended this research to the so-called novel 
earned duration management approach. The results showed us that most of the theoretical 
outcomes still hold when using real data, but some minor deviations could also be observed, 
and taught us a lot about the advantages and disadvantages of using artificial data. Overall, 
the conclusion is that both types of data have merits, but the dialogue between theoretical 
research and empirical validation is the method that leads to the biggest understanding. 
Given these positive results and the often positive reactions coming from both the academic 
and business world, we decided to extend this empirical research in three ways, as shortly 
described below.

In a first study (Batselier and Vanhoucke, 2016) the well-known reference class forecasting 
(RCF) technique is compared with the most common traditional project forecasting 
methods. Reference class forecasting bypasses human judgment by basing forecasts on the 
actual outcomes of past projects similar to the project being forecasted. The results have 
shown that RCF outperforms the traditional predictive techniques for both cost and time 
forecasting, and therefore supports the practical relevance of the technique. In another study 
(Batselier and Vanhoucke, 2017a), we aimed at improving the project forecast accuracy 
by integrating earned value management with exponential smoothing techniques, which 
are well-known and widely used for predicting the demand of products but which, to the 
best of my knowledge, have never been tested in a project control setting. Finally, in a 
paper by Batselier and Vanhoucke (2017b), we have analysed the impact of a new project 
characteristic, which we called the project regularity as a measure to predict how accurate 
the time and cost predictions will be.

Extensions. Academic research has no end. It doesn’t have to have one. There are always 
new topics that need further investigation, and I therefore hope that the research outcome 
will continue to grow. Two recent extensions on the topic of data-driven project control are 
worth mentioning, although I hope that by the time you read this paper, they are already 
outdated. In a first extension, we have extended another line of research (not mentioned 
in this manuscript) on project contracting with incentives and proposed a project control 
system called earned incentive management to control not only the project time and cost, 
but also its incentives (Kerkhove and Vanhoucke, 2017). Secondly, at the time of writing this 
manuscript for the Measurable News, I received the positive news that the latest research 
topic entitled “A buffer control method for top-down project control” was accepted for 
publication after 3 revisions (and more than a year under submission) in the European 
Journal of Operational Research (Martens and Vanhoucke, 2017). This research aims at 
proposing a project control method that holds the middle ground between the easy EVM/
ES methods used today and the (too) advanced methods proposed in our statistical project 
control research line. Finally, a few days before finalising the draft of this manuscript, we 
received the wonderful news that the presentation “In pursuit of more accurate project 
forecasts: Integration of earned value management with exponential smoothing and 
reference class forecasting” based on the research of Batselier and Vanhoucke (2016, 2017a) 
has received the Elsie Cropper Award for Best Paper presented at YOR20 in London (UK). 
Wonderful stuff. To be continued.
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3. CONCLUSION
In this manuscript, I gave a complete overview on the last decade of research at my research 
group related to project management and control using earned value management. In the 
manuscript, I only referred to my own research outcomes, and largely ignored important 
contributions made by others. It is of course needless to say that all of this research work 
is based on the excellent work of other researchers. I have chosen not to mention the 
enormous list of references to papers and books that I have used as a background or source 
of inspiration for my own research for two reasons. The first and most obvious reason is 
that the list of references would simply become too long, and the risk that I should forget 
an important reference is not worth to be taken. A second and to what I believe a very 
pragmatic reason is that most, if not all, of the references can be found in my own work 
(books, papers, websites) that I have mentioned. However, by not mentioning other sources 
from literature, I do by no means wish to give the impression that these external references 
and their authors are less important. On the contrary! I realize that research is a dialogue 
between people, and all these other authors that I haven’t mentioned have been crucial 
in formulating my own research ideas and hypotheses. They undoubtedly have played an 
essential role in defining my own research agenda. They have been my main inspiration and 
driver for gradually defining my own research track, and without them, there was no me.

Therefore, a special thank you goes to all the people I have met throughout the years and who 
were, and still are a source of inspiration. First and foremost, I am grateful to my co-authors 
with whom I have made this search to improvements possible. Without them, OR&S would 
simply not exist. Moreover, the close collaborations with many people from PMI Belgium 
and EVM Europe as well as the interesting talks with researchers at project management 
conferences have greatly contributed to the direction of my work at Ghent University, Vlerick 
Business School, University College London and OR-AS. The meetings with project managers 
in Belgium and the UK and the consultancy done at various companies have forced me to put 
the theoretical concepts into the right perspective. The discussions with some members of 
the American College of Performance Management have shown me that research can act as 
a bridge between Europe and the US, and brings researchers closer to the business. Last but 
not least, the intense work with my team at the OR&S research group of Ghent University has 
brought me where I am right now, and will probably bring us to new directions in the coming 
years. I won’t mention names. Just a thank you to all of you. I also acknowledge the support 
provided by the “Bijzonder Onderzoeksfonds” (BOF) for the project with contract number 
BOF12GOA021, by the “Fonds Wetenschappelijk Onderzoek” (FWO) for the project with 
contract number G015711N and by the National Bank of Belgium (NBB).
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1) A similar calculation for schedule 
performance (TSPI) is included in 
the Earned Schedule extension to 
EV: TSPI = (PD – ES) / (PD – AT) 
targeting planned duration, or
TSPI = (PD – ES) / (ED – AT) 
targeting and ‘expected’ duration.
For more information see: http://
www.earnedschedule.com/
Terminology.shtml
2) EAC can be calculated in 
many different ways, see: http://
www.mosaicprojects.com.au/
WhitePapers/WP1081_Earned_
Value.pdf

The To Complete Performance Index (TCPI) in Earned Value Management 
describes the performance efficiency required to achieve a cost objective; 
it is the measure of the required future cost performance that must 
be achieved with the remaining resources in order to meet a specified 
management goal1.

The TCPI indicator is a ratio of the work remaining to be accomplished divided by the amount 
of unspent funding:

• The work remaining is calculated from the difference between the total project budget 
(Budget at Completion or BAC) and the Earned Value (EV) accrued.

• The funds remaining are the difference between the Actual Cost (AC) incurred to date 
and the target total cost (TC) the project is required to achieve, either the original BAC, 
or a different target cost agreed by management. Therefor the funds remaining can be 
assessed in several different ways, the two most common are:

 – The difference between the AC and the BAC, or
 – The difference between the AC and an Estimate At Completion (EAC) approved by 

management (this may be the current EAC2 or a different approved EAC)

As with other aspects of the earned value methodology, the way the TC is determined is 
decided at the planning stage and only varied if the change is formally approved.
The TCPI index is defined as follows:

 TCPI = (BAC – EV) / (TC – AC)

When the desired final cost is the original project budget:

 TCPI = (BAC – EV) / (BAC – AC).

When the desired final cost is an estimate at completion:

 TCPI = (BAC – EV) / (EAC – AC).

Notes:
1. If the current EAC is calculated as BAC/CPI (and is used as the EAC) the TCPI 

will always resolve to 1 because the EAC has been adjusted based on the current 
performance.

2. If the EAC is calculated using a ‘bottom up’ estimate of the remaining work, the 
TCPI can validate this estimate (a TCPI of 1.0 would suggest the estimate is reliable).

3. Other options for calculating EAC can be similarly validated; eg, IEAC = BAC/(CPI * 
SPI).

4. The EAC may simply be an approved target total cost.

Worked Example
Your project has a BAC of $1000, the earned value (EV) is $400, the actual costs (AC) are 
$500 and management have approved the release of $150 of management reserves creating 
a target total cost (EAC) of $1150.

The current Cost Performance Index (CPI) for this project is $400 / $500 = 0.8,
its Cost Variance CV = $400 - $500 = -$100. The project is clearly in financial trouble. 

UNDERSTANDING THE USE OF TCPI IN EVM  
By Patrick Weaver, Mosaic Project Services, South Melbourne, Victoria, Australia
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The change in performance needed to recover to achieve the BAC is

 TCPI = (1000 - 400) / (1000 - 500) = 600 / 500 = 1.2

The change in performance needed to achieve the authorised EAC is

 TCPI = (1000 - 400) / (1150 - 500) = 600 / 650 = 0.923

Note: The TCPI reverses the usual EV approach to values, for TCPI a number greater than 1 
indicates a problem (whereas for CPI and SPI values greater than 1 are ‘good news’) – see 
next section...

Understanding the TCPI results
The TCPI result should always be a number close to 1.0

• If the result is less than 1 the target should be relatively easy to achieve or better.

• If the result equals 1 the target will be achieved by maintaining the current level of 
performance.

• If the result is greater than 1 (say TCPI = 1.1) an improvement in performance is required.

From the example above, to achieve the original BAC the TCPI is 1.2, this means all remaining 
work has to be completed with a cost performance that is 20% better than the original plan. 
This step change in performance is unlikely to be achieved:

• You are currently performing at 80% of the planned level (CPI = 0.8).

• You are required to improve to 20% better than planned (CPI = 1.2).

• The increase in performance required to achieve target is 1.2 – 0.8 = 0.4.

• But your current performance is only 0.8.

• The increase in cost performance required is 0.4 / 0.8 = 50% increase in performance.

Considering the BAC ‘total cost’ target: While in the example the improvement against plan 
is only 20% you are not currently achieving the plan… the improvement has to be made from 
the current levels being achieved, presumably with everyone already working to capacity. For 
this, and a number of other reasons, most authorities consider a target total cost with a TCPI 
greater than 1.1 is unlikely to be achieved3 – for all practical purposes the target total cost (the 
BAC) is now unachievable.

Considering the EAC ‘total cost’ target: Achieving the target EAC of $1150 will be much 
easier. A TCPI of 0.923 indicates that the final cost of the project will be less than the desired 
total cost if the current cost performance efficiency is maintained. In fact the efficiency 
can fall off a little (but not too much) and the target will still be met. In this circumstance 
routinely monitoring the TCPI and watching its trend will tell you if the project is continuing 
towards success, or if corrective actions are needed.

Time is critical
The cost variance identified above of -$100 was recorded relatively early in the project; only 
40% of the work had been accomplished. The same cost variance at the 80% stage has far 
more serious consequences. If the EV = $800 and the AC = $900 the CV remains at -$100 
but the TCPI calculation changes significantly.

The change in performance needed to recover to achieve the BAC is

 TCPI = (1000 - 800) / (1000 - 900) = 200 / 100 = 2.0

The cost variance is the same but because there is significantly less work remaining for the 
improvement to occur within, consequently the amount of improvement per ‘dollar’ is much 
higher4.

 
3) The heuristic that a TCPI of 1.1 
means the project is unlikely to 
achieve the desired target cost 
has been validated as ‘reasonable’ 
but at the moment there does not 
appear to be any empirical data 
correlating the TCPI value with a 
statistical probability of achieving 
the desired total cost of the 
project.

4) The need for the early 
identification of issues and 
appropriate corrective actions is 
a key tenet of successful project 
management. These concepts 
are discussed in: The Project 
Start-Up Conundrum: http://
www.mosaicprojects.com.au/
PDF_Papers/P003_Conundrum.
pdf Avoiding the 'Tipping 
Point to Failure': http://www.
mosaicprojects.com.au/PDF_
Papers/P143_Avoiding%20_the_
Tipping_Point_PPT.pdf



38 The Measurable News     2017.03    |    mycpm.org

White Paper 

3 www.mosaicprojects.com.au 

This work is licensed under a Creative Commons Attribution 3.0 Unported License. 
For more White Papers see: http://www.mosaicprojects.com.au/WhitePapers.html 

 

 

 
 

target will still be met. In this circumstance routinely monitoring the TCPI and watching its trend will tell 
you if the project is continuing towards success, or if corrective actions are needed. 

 
 

Time is critical 

The cost variance identified above of -$100 was recorded relatively early in the project; only 40% of the 
work had been accomplished.   The same cost variance at the 80% stage has far more serious 
consequences. If the EV = $800 and the AC = $900 the CV remains at -$100 but the TCPI calculation changes 
significantly. 

The change in performance needed to recover to achieve the BAC is 

TCPI = (1000 - 800) / (1000 - 900) = 200 / 100 = 2.0 

The cost variance is the same but because there is significantly less work remaining for the improvement to 
occur within, consequently the amount of improvement per ‘dollar’ is much higher4. 

 

 

As shown in the graph above – a consistent level of substandard performance is relatively easy to correct 
near the beginning of the project and becomes increasingly difficult as the work progresses. As the end of 
the project approaches the rate of increase in the TCPI increases rapidly; and once the threshold of 1.1 is 
crossed there is very little likelihood of recovery – the project is ‘out of control’. 

 
 

TCPI is a reliable early indicator of problems 

There are three measures of cost performance CPI, CV and TCPI, of the three TCPI provides the best early 
indicator of emerging problems as the two cases below demonstrate. 

 
 

 

4 The need for the early identification of issues and appropriate corrective actions is a key tenet of successful 
project management. These concepts are discussed in: 
The Project Start-Up Conundrum: http://www.mosaicprojects.com.au/PDF_Papers/P003_Conundrum.pdf 
Avoiding the 'Tipping Point to Failure':  
http://www.mosaicprojects.com.au/PDF_Papers/P143_Avoiding%20_the_Tipping_Point_PPT.pdf 

As shown in the graph above – a consistent level of substandard performance is relatively 
easy to correct near the beginning of the project and becomes increasingly difficult as the 
work progresses. As the end of the project approaches the rate of increase in the TCPI 
increases rapidly; and once the threshold of 1.1 is crossed there is very little likelihood of 
recovery – the project is ‘out of control’.

TCPI is a reliable early indicator of problems
There are three measures of cost performance CPI, CV and TCPI, of the three TCPI provides 
the best early indicator of emerging problems as the two cases below demonstrate.

Case 1 the CV remains constant at -$50 in the project described above.
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Case 1 the CV remains constant at -$50 in the project described above. 
 

 

In this example the CV remains constant which allows the CPI to improve steadily (but is still below 1 which 
indicates a problem). The TCPI shows the project is unlikely to recover from the 60% stage onwards, and as 
work progresses the likelihood of recovery is continually diminishing. 

Case 2 the CPI remains constant at 0.9. 
 

 

In this example (numbers are rounded for clarity), the CPI is constant, this generates a steady increase in 
the value of the CV (the CV is getting slowly worse). Whereas the TCPI shows a clearly deteriorating trend 
with the rate of deterioration accelerating as work progresses (similar to the scenario plotted in the graph 
above). Again the 1.1 threshold is crossed well before the 60% stage and the BAC is unlikely to be achieved 
from that point on. 

 
 

Summary 

CV and CPI are based on performance to date, they tell you what’s occurred, not what is likely to happen in 
the future. Calculating the EAC (or IEAC) provides a projected cost outcome but does not of itself show  
how much effort is needed to recover and achieve the target cost, this need insight and interpretation.  The 
TCPI is a measure focused on predicting the degree of difficulty associates with achieving the target cost, 
either the BAC or a revised target and over time tells you if this objective is becoming easier or more 
difficult to achieve.  Accepted orthodoxy is that once the TCPI exceeds 1.1 the current target is 
unachievable; studies suggest this heuristic is reasonable in most circumstances. 

As with all project management, successful management of a project requires action to correct negative 
trends early – the two cases above clearly show this. 

In this example the CV remains constant which allows the CPI to improve steadily (but is still 
below 1 which indicates a problem). The TCPI shows the project is unlikely to recover from 
the 60% stage onwards, and as work progresses the likelihood of recovery is continually 
diminishing.

Case 2 the CPI remains constant at 0.9.
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SUMMARY
CV and CPI are based on performance to date, they tell you what’s occurred, not what is 
likely to happen in the future. Calculating the EAC (or IEAC) provides a projected cost 
outcome but does not of itself show how much effort is needed to recover and achieve the 
target cost, this need insight and interpretation. The TCPI is a measure focused on predicting 
the degree of difficulty associates with achieving the target cost, either the BAC or a revised 
target and over time tells you if this objective is becoming easier or more difficult to achieve. 
Accepted orthodoxy is that once the TCPI exceeds 1.1 the current target is unachievable; 
studies suggest this heuristic is reasonable in most circumstances.
As with all project management, successful management of a project requires action to 
correct negative trends early – the two cases above clearly show this.
Note: This White Paper is a supplement to our paper on Earned Value Formulae, download 
from: http://www.mosaicprojects.com.au/WhitePapers/WP1081_Earned_Value.pdf
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INTRODUCTION Earned Duration Management (EDM) is a state-of-the-art project control 
technique for the time dimension. Introduced by Khamooshi and Golafshani 
in 2014, this technique has the purpose to decouple the schedule 
performance and cost measures. Due to the novelty of the EDM approach, 
there clearly is a need to demonstrate the potential of this technique.

This paper is based on a project executed by five master students Business Engineering with 
a focus on Operations Management at Ghent University - Annelien Boelens, Hendrik D’hondt, 
Eline Hoornaert, Evelyn Mareels and Jens Martens – for the course module entitled “Project 
Management”. This project, called ‘Illustration of EDM by students”, was selected as one of 
the best contributions by an external jury that included prof. dr. Mario Vanhoucke, research 
assistant Tom Servranckx and local consultants from PMI Belgium. In this project, the 
students applied the EDM technique upon a project in their everyday environment, i.e. the 
real-time follow-up of a student association event to control and compare the actual and the 
scheduled performance. During periodic meetings with the board members of the student 
association, the students discussed the project progress and recommended corrective 
actions in order to improve the performance.

In this paper, the starting event of Capitant, a famous student association in Belgium, is 
used as a case study to demonstrate the benefits and drawbacks of the EDM methodology. 
Since the main objective of a project from a student association is to meet the pre-defined 
deadline (i.e. the start of the event) and all board members are students, who are working 
on a voluntary and non-paid basis, the time dimension is the most important dimension to 
control the performance of the project. Therefore, this student association event is a relevant 
project to illustrate the potential of EDM.
 
Capitant is the largest student organization with a focus on finance in Belgium. Their 
main goal is to be the student's gateway to the financial market. This is made possible 
by organizing lectures and workshops about international finance in all its aspects. Their 
network of partner companies offers students an extra-curricular forum to contact these 
companies and to apply for an internship or a job.  Capitant is active in Antwerp, Leuven, 
Brussels and Ghent. Capitant Ghent has more than 400 registered members a year that are 
participating in different lectures, workshops and events in order to get certified. Each year, 
more than 700 students are attending the starting event of Capitant Ghent, which is the 
subject of this case study. 

FOREWORD BY MARIO VANHOUCKE
Before you read the remainder of this paper, it might be useful to clarify how this work 
has begun and how it finally resulted in – in my view – an exiting search for better control 
done by young students from our university. In my course module “Project Management” 
(PM) at the Faculty of Economics and Business Administration, I give my master students 
a full overview on how to manage a project using scheduling techniques, risk analysis 
methodologies and control methods such as Earned Value Management (EVM) and its time-
based extension Earned Schedule (ES). Part of the evaluation of this course module is based 
on a written exam containing exercises and questions to test their understanding on the 
topic. However, another important part of the final evaluation consists of a group assignment 
in which I ask my students to rely on the PM concepts discussed in class and apply them in a 
real and critical way. Rather than giving my students a well-defined task to solve, I give them 
full freedom to explore the exiting world of PM, and ask them to apply and criticize concepts, 
improve them, tell me why some concepts work, and other fail, and any theme is good, as 
long as it is related to the course content. The best group assignments are nominated for the 
PMI Belgium University Contest and the winner is then invited to present their findings to 
professional project managers.

EARNED DURATION MANAGEMENT FOR A STUDENT 
ASSOCIATION PROJECT
By Mario Vanhoucke, Annelien Boelens, Hendrik D’hondt, Eline Hoornaert,  
Evelyn Mareels, Jens Martens and Tom Servranckx
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Students are not used to receiving such a task. Most of the tasks are well defined and have 
a clear goal, while mine is rather vaguely described, and it is up to the students to exactly 
define what they want to do. The students of the manuscript have chosen to apply the EVM/
ES methodology for their own real projects (at Capitant) but quickly came up with a paper 
found at the International Journal of Project Management that discusses a new technique, 
Earned Duration Management (EDM), which is not discussed in my class. They asked me 
whether they could rely on this technique since it fit, in their opinion, better to what they 
needed. “It’s your work, so you choose”, was my immediate response, and I left them in the 
dark. Below you find an overview of what they did. 

PROJECT
The network representation of the project investigated in this paper is given below. The 
critical path is marked in blue. The activity durations are indicated above the nodes 
(expressed in hours) and the resource requirements of each activity are displayed below the 
nodes. A distinction was made between three different types of resources: project leader, 
designer and team member. Even though in reality the students work for free, we assigned 
costs to the different resources in order to compare EDM with EVM/ES. We assumed for the 
project leader, designer and team member a cost of respectively 5, 3 and 1 euro. These costs 
are used to express the level of experience rather than real costs of the different resource 
types and are, therefore, assigned based on the relative difference in experience and 
expertise levels of these resources.

Figure1: The Capitant event project network.
Figure1: The Capitant event project network  

 

The following resource constraints should be considered in order to obtain the baseline 
schedule presented in figure 2. 
 

• The resource constraint is equal to 7, since Capitant Ghent counts 14 members of 
which 7 were assigned to this project. There are 5 team members, 1 team leader and 
1 graphical designer. 
 

• The team members of Capitant are students, so they cannot work 8 hours a day on a 
project. Therefore, we restricted a working day to a maximum of 4 hours a day. Only 
on the day of the event, we relaxed this constraint to 8 hours. 

   
• One of the main requirements of this project is that it should be finished on October 

11th. Neither later, nor earlier. That is why the constraint “Must Start On” was added to 
the final check-up activity. We also added this constraint to some other activities, as 
they had to be done on the day of the event: Making wraps, Move goods to place of 
the event, Put tables and Check technology Quetelet. 

 

The following resource constraints should be considered in order to obtain the baseline 
schedule presented in figure 2.

• The resource constraint is equal to 7, since Capitant Ghent counts 14 members of which 
7 were assigned to this project. There are 5 team members, 1 team leader and 1 graphical 
designer.

• The team members of Capitant are students, so they cannot work 8 hours a day on a 
project. Therefore, we restricted a working day to a maximum of 4 hours a day. Only on 
the day of the event, we relaxed this constraint to 8 hours. 

• One of the main requirements of this project is that it should be finished on October 11th. 
Neither later, nor earlier. That is why the constraint “Must Start On” was added to the final 
check-up activity. We also added this constraint to some other activities, as they had to 
be done on the day of the event: Making wraps, Move goods to place of the event, Put 
tables and Check technology Quetelet.
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Figure 2: The baseline schedule of the Capitant event project 

 

 

 

 

Figure 2: The baseline schedule of the Capitant event project

ANALYSIS WITH EDM
In order to measure the performance of projects with EDM, the following key metrics are 
required: Earned Duration (ED), Total Planned Duration (TPD), Actual Duration (AD) (this 
is similar to the Actual Time (AT) metric used in EVM/ES) and Total Earned Duration (TED). 
The used performance index is the Duration Performance Index (DPI), which is calculated as 
ED / AD. Since we want to focus in this article on the illustration of the EDM technique rather 
than providing a complete theoretical explanation, we would strongly advice the interested 
reader to consult the article “Introduction to Earned Duration” from The Measurable News 
(2015.02) written by Vanhoucke, Andrade, Salvaterra and Batselier. In the table below (figure 
3) a summary of the metrics and performance measures that are used in our analysis is given. 
It also shows the correspondence between the EVM/ES and EDM metrics.
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 EVM ES EDM 

Key Metrics Planned Value (PV) 
Actual Cost (AC) 
Earned Value (EV) 

 
 
 

Earned Schedule (ES)

 

Total Planned Duration (TPD) 
Total Actual Duration (TAD) 
Total Earned Duration (TED) 
Earned Duration (ED) 

Performance 
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Schedule 
Performance Index 
(SPI) 

Schedule 
Performance Index 
(SPI(t)) 

Duration Performance 
Index (DPI) 
 

Figure 3: Key and performance metrics used in this analysis 
 
Figure 4 provides a plot of the TPD and TED over the entire project horizon. This indicates the 
periods in which the project suffers from a delay (TPD > TED) or is ahead of schedule (TPD 
< TED). 
 

 
Figure 4: Evolution of the EDM Key metrics for the Capitant project 
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Some conclusions can be drawn, based on this graph:

• The Total Duration at Completion (TDC) is equal to 158 days.

• In general, the student association performed very well according to the baseline 
schedule as no significant delays could be identified throughout the project progress.

• From September 5th till September 26th, Capitant accomplished to stay ahead of 
schedule as the event speakers were much faster contacted than originally planned. 
A detailed discussion with the project members of Capitant taught us that this good 
schedule performance could be achieved thanks to the extensive professional network of 
the Capitant members. 

• However, when we take a closer look, the performance of the project dropped towards 
its deadline on the 11th of October. 

In the remainder of this section, we will provide a more in-depth analysis of the project 
performance towards the project completion. The period from September 20th till October 
2nd is represented in the first part of figure 5. In order to better understand the drop in 
project performance, the key EDM metrics for this period are provided below:

• September 20th: DPI = 119% 
The time dimension is expressed in hours. Since we allocate 4 hours per day, September 
20th corresponds to 88 hours (AD). The Earned Duration (ED) at September 20th can be 
computed exactly and is equal to 104,59 hours. A graphical estimation is shown on the 
graph in figure 5 (a). 
 
DPI = 104,59 hours / 88 hours = 1,19.

• September 29th: DPI = 95% 
September 29th corresponds to 124 hours (AD) and the equivalent ED level equals to 118 
hours. 
 
DPI = 118 hours / 124 hours = 0,95.

Indeed, the performance has dropped with 24 percentage points in only 9 days. The strength 
of the EDM project control technique is that the project managers of Capitant can identify 
the cause(s) of the problems in that particular period of time in order to identify important 
lessons learned for the future. We immediately noticed delays in activity 8 and activity 9.

• Activity 8 “Send reminder to the speakers”: This delay was caused by a negligence of the 
team members, who forgot to start this activity on time. Based on this observation, we 
decided to build in some safety checks to avoid that this problem would occur in future 
projects. 

• Activity 9 “Design the flyers”: We already mentioned that Capitant has a brand new 
designer this year. We would strongly recommend Capitant to have a talk with this board 
member in order to get to know the reason for the delay. Either we scheduled this task 
too sharp or the learning curve of the inexperienced designer will allow us to finish the 
task on time in future projects. 

We used “meeting 3” to discuss these findings with the board members of the student 
association.

In the second part of figure 5, the project performance during the last week (i.e. October 3rd 
till October 11th) before the event is represented. We can conclude that the performance 
during this period (see figure 5 (b)) was below the average performance during the entire 
project (TPD > TED). The most considerable activities with delays are activity 13 (Confirm 
the supplier of drinks), activity 14 (Send reminder to the speaker + Ask and check for their 
PowerPoint presentation) and activity 19 (Prepare own introduction).
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ANALYSIS COMPARED TO EVM/ES
Given the available data to control the performance of the project, the EVM/ES technique 
can also be used. The evolution of the Planned Value (PV) and the Earned Value (EV) of the 
last two weeks of this project are represented in figure 6.

Analysis compared to EVM/ES 

Given the available data to control the performance of the project, the EVM/ES technique can 
also be used. The evolution of the Planned Value (PV) and the Earned Value (EV) of the last 
two weeks of this project are represented in figure 6. 
 

 
Figure 6: EVM/ES Key metrics 

When we compare the graphs on figure 6 with the evolutions of the TPD and TED (see figure 
5), there are no major differences detected between both techniques at first sight. But in order 
to thoroughly compare the two project control techniques, it might be useful to plot the 
evolution of DPI and SPI(t) over time on the same graph. This comparison is presented in 
figure 7. 
 

Figure 7: evolutions of the schedule performance indexes 

Figure 6: EVM/ES Key metrics

When we compare the graphs on figure 6 with the evolutions of the TPD and TED (see figure 5), 
there are no major differences detected between both techniques at first sight. But in order to 
thoroughly compare the two project control techniques, it might be useful to plot the evolution 
of DPI and SPI(t) over time on the same graph. This comparison is presented in figure 7.

Analysis compared to EVM/ES 

Given the available data to control the performance of the project, the EVM/ES technique can 
also be used. The evolution of the Planned Value (PV) and the Earned Value (EV) of the last 
two weeks of this project are represented in figure 6. 
 

 
Figure 6: EVM/ES Key metrics 

When we compare the graphs on figure 6 with the evolutions of the TPD and TED (see figure 
5), there are no major differences detected between both techniques at first sight. But in order 
to thoroughly compare the two project control techniques, it might be useful to plot the 
evolution of DPI and SPI(t) over time on the same graph. This comparison is presented in 
figure 7. 
 

Figure 7: evolutions of the schedule performance indexes Figure 7: evolutions of the schedule performance indexes

We can conclude that DPI and SPI(t) are in general following the same trend. Nevertheless, 
there are some differences that might indicate that the EDM project control technique is 
more accurate than EVM/ES for the time dimension in this case study. At three particular 
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moments in time - that are highlighted in yellow in figure 7 - the project schedule 
performance indicated by DPI is lower than the schedule performance indicated by SPI(t). 
When we explore the real project data in more detail, we notice indeed a delay in the 
activities scheduled on September 1st, 2nd and October 5th. This delay in activities can be 
faster detected with the DPI schedule performance indicator. This is the main argument to 
prefer the EDM to the EVM/ES project control technique for this project. Obviously, these 
results cannot be generalized based on a single case study. Nevertheless, it was an important 
lesson to learn for the authors of this paper, particularly for the young master students with 
little to no real-life experience in managing projects.
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 Figure 8: performance indexes from October 3 until October 10 

For the sake of clarity, the observation of the schedule performance of the project around 
October 5th is explained in more detail. The conclusions for September 1st and 2nd can be 
drawn analogously. Figure 8 shows the evolutions of the DPI and SPI(t) performance 
indicators in more detail around October 5th. According to the project data of the baseline 
schedule (see figure 2), three activities are scheduled on October 5th: activity 11, 13 and 14. 
In reality, both activities 13 and 14 suffered from delays, which immediately resulted in a small 
drop of the DPI on October 5th. At the same time, the SPI(t)-indicator remained relatively 
constant on October 5th. However, the decline of the SPI(t) schedule performance is observed 
one day later, on October 6th. This delay can be explained as follows. When we explore the 
data of activities 11, 13 and 14, we notice that the delayed activities 13 and 14 have a relatively 
low cost rate per day compared to activity 11, which was executed on time:  
 

• Activity 11: € 39,00/day 
• Activity 13: € 2,00/day 
• Activity 14: € 3,00/day.  
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indicators in more detail around October 5th. According to the project data of the baseline 
schedule (see figure 2), three activities are scheduled on October 5th: activity 11, 13 and 
14. In reality, both activities 13 and 14 suffered from delays, which immediately resulted in 
a small drop of the DPI on October 5th. At the same time, the SPI(t)-indicator remained 
relatively constant on October 5th. However, the decline of the SPI(t) schedule performance 
is observed one day later, on October 6th. This delay can be explained as follows. When we 
explore the data of activities 11, 13 and 14, we notice that the delayed activities 13 and 14 have 
a relatively low cost rate per day compared to activity 11, which was executed on time: 

• Activity 11: € 39,00/day

• Activity 13: € 2,00/day

• Activity 14: € 3,00/day.  

As such, the contribution of activities 13 and 14 to the SPI(t) is relatively low compared to 
the contribution of activity 11. Because activity 11 was completed on time, the SPI(t)-value 
remained relatively high on October 5th despite the fact that there were two other activities 
delayed that day.

CONCLUSION
The purpose of this paper was not to investigate the advantages and disadvantages of 
EVM/ES/EDM techniques, but rather to illustrate that young students at Ghent University 
with a background in Operations Management and Project Management, but with little to 
no real-life experience, are able to rely on well established as well as novel project control 
methodologies to run their projects. It can be concluded that, during this specific case 
study, DPI was experienced to be a better performance controller for the time dimension 
than SPI(t). This is because EDM reacts more quickly than ES (at least, in this case study), so 
the delays are observed more in advance and a corrective action can be taken sooner. For 
projects where schedule performance is the main goal, we strongly recommend the use of 
EDM project control techniques as a valuable alternative for the time control methodology 
proposed by ES.
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