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Along with the traditional meeting pro-
gram, this conference had a feel that 
was specific to the venue — right out-
side Washington D.C. The keynote 
speakers who are leaders in their 
fields provided insight into what is 
happening in Washington and else-
where. Along with the conference's re-
ceptions, the Bethesda North Marriott 
Hotel &  
Conference Center’s floor layout 
gave ample opportunities for informal 
networking. 

Program Highlights
IPM 2011 provided basic and ad-
vanced training in earned value man-
agement strategies. With introductory 
level training in project management 
and scheduling techniques to higher-
level seminars on integrating master 
planning, there was something offered 
for everyone.
Along with the training, there were 36 
practice symposia presentations in-
cluding six sessions focused on NDIA 

By Amanda Mitchell
IPM 2011 brought people from vari-
ous backgrounds involved in the finan-
cial future of government and industry 
together in one forum. With the joint 
sponsorship of PMI's Earned Value 
Management Community of Practice 
the National Defense Industrial 
Association (NDIA), and the Society of 
Cost Analysts (SCEA), the Integrated 
Program Managment conference 
keeps getting better and better. 

IPM 2011
The premier conference on Earned Value Management

Contents
IPM 2012 1

EVM World 2012: 
Call for Participation 4

EVM World 2012 7

Earned Progress Management — 
A Unified Theory of Earned Value  
& Earned Schedule Concepts 8

Implementing an Objective  
Performance Incentive  
Fee Structure 27

EVM Vendor / Services 30

How to Estimate and Use  
Management Reserve in an  
Earned Value Management  
System (EVMS) 32

Continued on p. 5.

http://www.pmi-cpm.org/pages/events/IPM11/conf_program.html


Contractors today are under more pressure than ever before 
to tightly manage project performance while also meeting 
stringent government reporting requirements such as Earned 
Value Management (EVM).  Managing projects effectively is a 
monumental challenge without the right tools. 
 
Deltek’s Enterprise Project Management (EPM) solutions 
seamlessly integrate cost, schedule, risk and resource 
information to deliver reliable program status and EVM reports 
to your program team.  Deltek EPM unlocks the value of 
program controls and EVM to  empower your team to better 
manage projects.  

Learn more about our EPM solutions
at deltek.com/epm  »

Unlock the real value of 
program controls and EVM

Know more.

http://www.deltek.com/epm


3

The Measurable News

2008–2011 Community Council  
Leaders & Staff
Community Manager

Susan Wood 
850-892-3747 • Susan.Wood@vcleader.pmi.org

Deputy Community Manager
Ray Stratton 

714-318-2231• Ray.Stratton@vcleader.pmi.org
Finance Lead
Catherine Ahye  

571-250-2382 • Cathy.Ahye@vcleader.pmi.org
Administrative Lead

Marilyn McCauley
937-878-7923 • Marilyn.McCauley@vcleader.pmi.org

Service Delivery Lead
Barry Schuler

703-456-0707 • Barry.Schuler@vcleader.pmi.org
Knowledge Management Lead

Joe Houser 
301-529-6697• Joe.Houser@vcleader.pmi.org

Research and Standards Lead
Kym Henderson

 61 414 428 537 • Kym.Henderson@vcleader.pmi.org 
Communication Lead 

Robert Horrigan
703-923-6094 • Robert.Horrigan@vcleader.pmi.org 

Immediate Past Community Lead
Neil Albert

703-506-4600 • Neil.Albert@vcleader.pmi.org
Executive Administrator

Gaile Argiro
703-370-7885 • Gaile.Argiro@vcleader.pmi.org

Executive Assistant
Stephanie Bautista

703-370-4301 • Stephanie.Bautista@vcleader.pmi.org

The PMI - Earned Value Community of Practice 
Newsletter is an official publication of PMI. .

Editorial Staff
Publisher: PMI - Earned Value Community 
 of Practice

Managing Director: Gaile Argiro

Story Editor: Peter Schwarz

Designer: Amanda Mitchell

CoMMuniCationS LEaD - EVM CoP: 
 Robert Horrigan

Editorial Copy 
Editorial contributions, photos, and miscella-
neous inquiries should be addressed and sent 
to the editor at the Earned Value Management 
Community of Practice headquarters. Please 
follow the author guidelines posted on the 
PMI-Earned Value Management Community 
of Practice web site. Letters submitted to the 
editor will be considered for publication unless 
the writer requests otherwise. Letters are subject 
to editing for style, accuracy, space, and propri-
ety. All letters must be signed, and initials will be 
used on request only if you include your name. 
The Earned Value Management Community of 
Practice reserves the right to refuse publication 
of any letter for any reason. We welcome articles 
relevant to project management. The Measur-
able News does not pay for submissions. Articles 
published in The Measurable News remain the 
property of the authors.

advertising
Advertising inquiries, submissions, and pay-
ments (check or money order made payable 
to the College of Performance Management) 
should be sent to Earned Value Manage-
ment Community of Practice headquarters. 
Advertising rates are $1000 (taken) for inside 
front or back cover (full-page ad only), $800 
for other full-page ads, $500 for half-page ads, 
and $300 for quarter-page ads. Issue sponsor-
ships are available at $2500 per issue. Business 
card ads are available for $100 per issues (or 
free with full-page ad). Rates are good from 
January 1, 2011 – December 31, 2011. Earned 
Value Management Community of Practice 
reserves the right to refuse publication of any 
ad for any reason.

Subscriptions
All Earned Value Management Community of 
Practice publications are produced as a benefit 
for Earned Value Management Community of 
Practice members. All change of address or 
membership inquiries should be directed to: PMI 
Headquarters, Customer Care Department, Four 
Campus Boulevard, Newtown Square, PA 19073-
3299 • Phone 610.356.4600 • Fax 610.356.4647 • 
customercare@pmi.org.
 All articles and letters represent the view of the 
authors and not necessarily those of Earned Value 
Management Community of Practice. Advertis-
ing content does not signify endorsement by 
Earned Value Management Community of Prac-
tice. Please notify Earned Value Management 
Community of Practice for single copy or repro-
duction requests. Appropriate charges will apply.

© 2011 by the PMI - Earned Value Management Community of Practice. 
 All rights reserved.



CALL FOR PARTICIPATION
 

28th Annual International Conference & Training Seminars
May 30 – June 1, 2012 • Naples Grande Hotel, Naples, FL
Naples, FL • 888.722.1267 • 888.422.6177
www.naplesgranderesort.com • www.naples-florida.com

EVM World® 2012
THe ProJeCT PerForMANCe MANAGeMeNT CoNFereNCe

Join us and share your project performance management 
knowledge and experiences at the premiere conference and 
training seminar on earned value management (EVM) ...

Speaker Requirements
•	 All materials must be in the format as described in the Speaker Requirements available at the 

PMI-CPM web site.
•	 Submit your abstract [using a file name that includes the name of the author(s) so that the file will 

be easily identifiable] with a biography for the following sessions at http://www.pmi-cpm.org/sub-
mit/document.asp.

•	 Practice Symposia: Lessons learned and best practices on the implementation of 
earned value management, updates on recent developments, and integrating project per-
formance management with other management techniques. 
In the selection process, preference will be given to papers that address the tools and tech-
niques used to identify and implement Technical Performance Measures that are integrated 
with Earned Value Management or other program performance measures.

•	 Workshops: a forum to introduce and develop new and emerging practices and tech-
niques to improve program management using project performance management. Objec-
tives are to identify potential solutions. Workshops are not intended to provide training or 
instruction on project performance management.

•	 Tools Track: For Tools Track sponsorship information, contact Gaile Argiro at college@
pmi-cpm.org or 703.370.7885. Not intended to provide lessons learned nor best practices.

•	 For Training Seminars, contact Joe Houser at jsphhouser@gmail.com.

General Conference Info
college@pmi-cpm.org • 703.370.7885 • www.pmi-cpm.org

VP for Conferences and Events
Barry E. Schuler

http://www.pmi-cpm.org/pages/events/EVM12/conf_program.html
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EVM policy and topical workshops. 
There were offerings for any back-
ground, with symposia as diverse as 
“You Don’t Have to Lose a Million 
Dollars a Year, Cost/Price 
Analysis in Winemaking” 
to  “How DoD Determines 
if EVM Is Required”.

Keynote speakers
The keynote speakers at 
this year's conference really 
stood out. Each discussed an 
aspect of U.S. and global con-
cerns that can deeply affect proj-
ect management.
Dave Walker from the Comeback 
America Initiative focused on the fi-
nancial future of the United States 
should current federal policies and po-
litical rivalry remain.
Dr. Jacques S. Gansler of the School 
of Public Policy at the 
University of Maryland indi-
cated that government and 
industry policies and struc-
tures must adjust to the real-
ity of current security issues, 
all while working with declining 
resources to minimize nation-
al debt. 
W. Todd Grams of the 
Department of Veteran Affairs 
encouraged the audience by 
pointing to the fact that the econ-
omy is not getting better but 
strong leadership and project 
management discipline 
can achieve suc-
cess in this 
era of ever-
decreasing 
budgets.

networking
The IPM confer-
nece always al-
lows for networking. 
There is a recep-
tion for the speakers, 
where everyone gets 
to rub shoulders with 
the movers and shak-
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ers of EVM. There is a New Attendee 
reception where junior folks can learn 
the ropes, as well as the All-Attendee 
Reception, where everyone can let 
their hair down and enjoy great food 
and entertainment.
Along with formal receptions, howev-
er, casual conversations can be the 
best vehicle to learning and positive 
change. The conference planning staff 
specifically sought to encourage these 
types of encounters by providing infor-
mal opportunities for casual conversa-
tions. These included daily breakfasts, 
a business center to check-in at the 
office, and lobby niches to promote 
a natural flow of conversations from 
one program highlight to the next. 

exhibits
Networking breaks in the Exhibitor Hall 
allowed attendees to catch-up on all 
the latest innovations as well as the 
tried-and-true software available to 
help in day-to-day activities of those 
involved in EVM. Every year, more ex-
hibitors are added to showcase what 
there is to know about project man-
agement. With EVM World 2012 fast 
approaching, EVM CoP needs your 
assistance to make the program a 
success.

Looking Forward to eVM  
World 2012
As with any conference, there is no 
resting on your laurels. With EVM 
World 2012 fast approaching in July, 
EVM CoP needs you to make the 
program a success. With a wonder-

ful location in Florida and 
the promise of more in-

novative ideas in the field, 
you won’t want to miss 

the opportunity to be in-
volved in this educational 

event. The theme is “Setting 
the Baseline” and EVM CoP 

is currently accepting presen-
tations for consideration. Check 

out the Web site at www.pmi-cpm.
org or contact Gaile Argiro at Gaile.

Argiro@vcleader.pmi.org for more 
information.



28th Annual International Conference & Training Seminars
May 30 – June 1, 2012 • Naples Grande Hotel, Naples, FL
Naples, FL • 888.722.1267 • 888.422.6177
www.naplesgranderesort.com • www.naples-florida.com

EVM World® 2012
THe ProJeCT PerForMANCe MANAGeMeNT CoNFereNCe

•	 Update your skills with the latest Earned 
Value Management (EVM) trends, tools, 
and techniques

•	 Learn through training, practice symposia, 
as well as workshops

•	 Earn PDUs (for PMPs)

•	 Network with earned value professionals 
from around the work

•	 For more information…  
Gaile Argiro  
phone: 703.370.7885  
email: gaileargiro@vcleader.pmi.org

PMI Earned Value Management Community of Practice • 101 South Whiting Street, Suite 320 • Alexandria, VA 22304 • 703.370.7885 • 703.370.1757• www.pmi-cpm.org

http://www.pmi-cpm.org/pages/events/EVM12/conf_program.html
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Earned Progress Management — 
A Unified Theory of Earned Value & 
Earned Schedule Concepts
James R. Egnot, PE, MBA

Abstract
Since its introduction in 2003, Earned Schedule Management (ES) has been perceived and treated as an aug-
mentation to traditional Earned Value Management (EVM) methods. In this paper, the author explores the proposi-
tion that these two methods are related in much more fundamental ways. It postulates that EVM and ES are simply 
expressions of a more general unified concept that is termed Earned Progress Management (EPM). A structured 
framework is developed to support a unified theory for EPM, and a generalized lexicon is defined to allow the fun-
damental concepts of EPM to be easily expressed in both the time and value domains. Unified common metrics are 
articulated that are applicable to both domains. Utilizing the established framework, a general formulation of earned 
schedule methodology is articulated that extends the utility of earned schedule from being a project-oriented anal-
ysis tool to a tool that can support intermediate roll-up levels. New concepts for calculating “at compete” forecasts 
and a new method that offers a potentially better solution for presenting summarized EVM data are explored. In ad-
dition, a concise graphical format is proposed that allows “at-a-glance” access to the data in both domains. 

ry of Earned Schedule in a published 
paper.1 Through the work of many by 
the end of the first decade of the 21st 
century, Earned Schedule Analysis 
has emerged as an adjunct to the 
venerable Earned Value Analysis. In 
late 2011, the Project Management 
Institute (PMI) issued a revised 
Practice Standard for EVM, which 
included an appendix for Earned 
Schedule, but Earned Schedule has 
yet to be incorporated into standard 
tool sets in any significant way. 
This paper is an in-depth exploration 
of the proposition that EVM and ES 
concepts are related in far more fun-
damental ways and proposes a uni-
fied theory that could have significantly 
more utility that either approach alone. 

A Unified theory of  eV and es 
In the course of the author’s work in 
developing a specialized EVM tool, 
Earned Schedule concepts were incor-
porated, but in doing so, a number of 
“issues” were encountered. The reso-
lution of those issues has led to some 
inescapable conclusions: 
• Earned Value, as traditionally de-

fined, and Earned Schedule, as 

contemporarily defined, are sim-
ply two equally valid expressions 
of the same ideas and phenomena 
but operating in two distinct time 
and value domains (Postulate 1).

• Every parameter and relationship 
in one domain has a complemen-
tary parameter and relationship 
in the other domain, and further-
more, the mathematical behaviors 
are the same and congruent in 
both domains (Postulate 2).

When viewed this way, a certain struc-
tural elegance emerges that allows 
both the concepts of Earned Value and 
Earned Schedule to be more fully gen-
eralized. It is important to be very clear 
that no attempt is being made to argue 
that the time domain and the value do-
main are operationally and fully equiv-
alent. They, indeed, are quite distinct. 
This postulate puts forth that behavior 
of the relationships that exist are con-
gruent in the time and value domain, 
and this fact permits the articulation of 
a common set of useful relationships 
for both domains. 
As the arguments presented in this pa-
per are developed, they will be tested 

Introduction
Earned Value Management has been 
the gold standard for measuring true 
progress during the life of a proj-
ect since the mid-20th century, and its 
roots can be traced to the dawn of the 
industrial revolution. With such a long-
standing record of usefulness, there 
becomes a sense among the commu-
nity that the book has been written and 
procedures established, and all that 
one need know is documented in pro-
cesses and enshrined in established 
practices, even garnering its own 
American National Standards Institute 
standard and a place in the Project 
Management Body of Knowledge. This 
is all appropriate and proper, yet at the 
same time, it is known that as useful 
as EVM has been, it has its weakness-
es. As a predictor of final project cost, 
EVM’s record is excellent; as a predic-
tor of final completion dates, it has fall-
en short. It is well known too that EVM 
can be weak in other aspects, such as 
consolidated summaries. 
This situation was the accepted norm 
until the early part of the 21st century 
when Walt Lipke noted that “Schedule 
is Different” and articulated the theo-

1Walt Lipke. 2003. Schedule Is Different. The Measurable News. 
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against these fundamental postulates 
to determine if they violate the con-
gruent relationships between the do-
mains. The arguments also will be 
tested against the very real question: 
Does the argument produce an intel-
lectually satisfying result or clearly the 
wrong answer? 

need for an Updated Lexicon 
It is necessary to justify the need for 
some changes to the EVM lexicon. 
Because EVM terminology is so long 
standing, confusion is created when 
Earned Schedule is discussed. Earned 
Schedule was born out of the insight 
that the Schedule Performance Index 
metric SPI was flawed and had no pre-
dictive value in the mid-to-late stages 
of a project. SPI always returns to unity 
no matter how early or how late a task 
finishes. Earned Schedule shows that, 
if the same methodology is used for 
the time metric that is used for the cost 
metric, substituting time-based param-
eters, a metric emerges that works. So 
with this great insight, did the meaning 
of SPI get redefined? No, a new met-
ric was developed SPI(t) that is not at 
all analogous to SPI; rather, it is analo-
gous to the Cost Performance Index 
(CPI). Even the definitions of the fun-
damental domains upon which these 
analyses are built are not congruent. 
Value is a scalar; it only has magnitude. 
Schedule is, in a sense, more “vec-
tor like” as it has magnitude as well as 
a beginning and an end, distinguish-
ing it from Duration, which is analogous 
to how the word “Value” is presently 
used. These differences are not sim-
ple semantics. To articulate this unified 
theory, a new fundamental lexicon is 
needed as well as a new fundamental 
framework for discussion.

A structured Framework 
Development of the framework begins 
by examining very fundamental meth-
ods, beginning with the Cartesian co-
ordinates that are used for analysis. 
The two domains involved are desig-
nated the “time domain” and the “value 
domain”, represented by the horizontal 
and vertical axes, respectively.2 
In the context of this framework, it is 
helpful to think in terms of there be-
ing two independent but related as-
sets: time and currency. These assets 
are plotted on the horizontal and ver-
tical axes, respectively. Next, atten-
tion must be focused on the concept 
of measure or how demarcation is to 
be handled for each of the assets. 
The general measure of choice in the 
time domain is Durations, expressed 
in units of days (or hours or minutes 
for that matter). The general mea-
sure of choice in the value domain will 
be what is termed “Allocations”, ex-
pressed in units of dollars (or euros 
or pound sterling). These terms are 
used in the general sense here, and 
they will be assigned more specific 
meanings.
Within the framework, there are three 
fundamental parameters: PLANNED, 
ACTUAL, and EARNED. These pa-
rameters exist in both domains, and 
the characteristics and behaviors of 
each are congruent with their counter-
part in the other domain. It also should 
be noted that these are the only fun-
damental parameters, and everything 
else is a property of one or more of 
these parameters.3 Because of this 
congruence, these parameters can be 
analyzed independent of the domains 
in which they exist. 
The fundamental reason for perform-
ing earned value analysis is to mea-
sure true progress in a high-fidelity 
way and to make future predictions 

based on past performance, but these 
high-fidelity assessments need to be 
accomplished in both the value and 
the time domains. Because this frame-
work, with its congruent elements, al-
lows examination of the parameters 
independent of the two self-contained 
and distinct domains, the analysis of 
the processes and relationships that 
follows will be domain agnostic where 
possible. The results will be applied 
in each domain in the same man-
ner. This unified form of data analysis 
shall be designated “Earned Progress 
Management” (EPM). 
In order to periodically measure true 
progress, one must have a basis stan-
dard for making assessments. That 
standard or yardstick for measurement 
is the plan as expressed in both the 
time and value domains. 

Plans, Budgets, and Durations
Since the plan is the standard against 
which progress is assessed, it is im-
portant to understand all the properties 
of the plan in the context of the unified 
framework of EPM. A Plan has a de-
fined beginning, a defined end, and a 
fixed quantity of an asset available to 
be expended. 
With this in mind, a closer examina-
tion of the Plan parameter in the con-
text of the time domain and the value 
domain is in order. In the time do-
main, the Plan is represented by the 
Schedule. The properties of a sched-
ule are its Start and Finish Dates and 
its Duration. In the value domain, the 
Plan is represented by what is termed 
the “Allocation”, which has several 
properties as well. The properties of 
an Allocation are its beginning value, 
its ending value, and its Budget.4 This 
may not be obvious because the low-
er boundary, by practice and for con-
venience, is normalized to zero, which 

2 It is tempting to omit the use of the word “value” here because of its historic context. Moreover, from a fundamental perspective, values exist in both 
domains; however, for clarity the word “value” will be used but excluded from discussions of the time domain.

3 For example, “budget” is a property of the “plan” in the value domain. Concepts like total allocated budget (TAB) are useful accounting extensions of 
the fundamental theory, but they are not central to the analysis so they are not included in the discussion.

4 This is a little more difficult to appreciate because, in classic EVM, the budget is treated as an independent parameter, and in fact, in the classic EVM 
context, “budget” is more akin to what has been termed the “allocation”.
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makes the upper boundary equal to 
the Allocation. Nevertheless, for pur-
poses of the framework, it is important 
to keep the abstract version in mind to 
demonstrate congruence between the 
domains. 
At this point, a clear disconnect between 
classic Earned Value Management and 
Earned Schedule is apparent. But ES 
is called Earned Schedule for a good 
reason. It is not only about measur-
ing magnitude but boundaries as well. 
Earn Value largely ignores this; Earned 
Schedule embraces it. Earned Progress 
puts both domains on equal footing. 
(See Figure 1/2.) 
One may ask if this level of rigor in 
definition is absolutely necessary. After 
all, EVM has been successful for more 
than half a century. Because in the 
value domain, the budget is bounded 
on the lower end by zero, much of this 
discussion for that domain becomes 
less important from a practical stand-
point. However, this analysis is im-
portant to demonstrate that the value 
domain has the same analogues prop-
erties as the time domain. This touch-
stone is essential to the arguments 
that follow. 
This concept can be summarized by 
saying that the yardstick for mea-
surement derives from the Plan. All 
three properties of the Plan, Fixed 
Beginning, Fixed End, and its Quantity 
of Asset, must be accounted for in 

the analysis. In the value domain, the 
Asset property of the Plan is called 
the Allocation when it is bound to its 
fixed beginning and end points. The 
unbound version of the Allocation is 
the Budget property of the Plan or 
Planned Budget (PB). In the time do-
main, the Asset property of the Plan is 
called the Schedule when it is bound 
to its fixed beginning and end points. 
The unbound version of the Schedule 
is the Duration property of the Plan, or 
Planned Duration (PD). The general 
framework is depicted graphically in 
Figure 1/2.
With this formal definition of the frame-
work, it is possible to expand the 
discussion of the three traditional pa-
rameters, as well as their properties. 
But because the three classic param-
eters and their relationships are equal-
ly valid in both domains, the behaviors 
and relationships can be generally de-
scribed within this framework and then 
specifically applied to each domain.

A Generalized structured  
Basic Lexicon
To derive value from the framework 
articulated, it is helpful to shed the 
notation and the lexicon that has de-
veloped over many years that has led 
to the confused meaning of SPI and 
SPI(t) noted earlier. A formal lexicon 
and notation method is developed to 
support clarity of analysis. 

The three fundamental parameters 
are represented by the letters P, A, 
and E as defined later in this paper. 
Remember they are equally valid in ei-
ther domain. Each of these three fun-
damental parameters has a number of 
properties, and they will be generally 
defined here. They fall into two cate-
gories: points and ranges. The points 
are the origin, completion, status, and 
progress. The ranges are the differ-
ences between these points: (comple-
tion, origin); (status, origin); (progress, 
origin). 
In classic EVM, the range property 
known as the Budget is formally called 
Budget at Completion (BAC), but for 
the unified basic framework, a broad-
er term is needed. Since this property 
can define the net asset value, it will 
be represented by the letter “N” for 
equations that are domain agnostic. In 
order to facilitate the predictive capa-
bility of the framework, the letter “F” is 
defined to represent future or forecast 
values. 

P – Planned: The cumulative val-
ue at a point in time of the do-
main asset that is expected to be 
expended.

A – Actual: The cumulative value 
at a point in time of the domain 
asset that has actually been 
expended.

E – Earned: The cumulative value 
at a point in time of the domain 
asset that is representative of 
true progress.

N – Net Asset: The amount of an 
asset given by the differences in 
values at the origin and comple-
tion points.

F – Future: The anticipated amount 
of a parameter, or property, in 
the future based on present 
conditions. 

In addition, some standard notation is 
necessary to describe time and val-
ue anchors and other defined points 
in each domain for clarity. These also 
could be defined generically and re-
ferred to with (v) and (t) notation, but 	   Figure 1/2. A congruent framework for analysis.
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it would make the analysis less clear. 
Since it is not central to the arguments 
being put forth, and to avoid confu-
sion, these anchors will be given tradi-
tional names that make them distinct 
in the two domains. This simplifica-
tion does not impact the analysis that 
follows. 
The defined points in the time do-
main are:

start: A date on the time domain 
axis when something begins. To 
avoid confusion and to maintain 
structure, this word will typically 
be used as a suffix and spelled 
out in lower case.

finish: A date on the time domain 
axis when something ends. To 
avoid confusion and to maintain 
structure, this word will typically 
be used as a suffix and spelled 
out in lower case.

progress: A date on the time domain 
axis that represents how much 
time has been earned as of the 
status date.

status: A date on the time domain 
axis at which specific measure-
ments of the parameters are 
made.

The defined points in the value domain 
are defined as

min: The lowest value axis point 
corresponding to the start date 
on the time line for the scenario.

max: The highest point on the value 
axis that corresponds to the fin-
ish date on the time line.

progress: A point on the value axis 
that represents how much has 
been earned as of the current 
status date.

status: A date certain on the time 
domain axis at which specific 
measurements of the parameters 
are made. 

Similarly, the range property for the 
asset N is given different names in the 
two domains simply to avoid confusion 
that would be created by using N(t) 

and N(v). As before, this simplification 
is not material to the analysis that fol-
lows. It also should be noted that while 
these properties are fundamental to all 
three parameters, their utility is largely 
focused around the P parameter.

L – Allocation: The bounded value 
spanning from the min point to 
max point inclusive in the value 
domain.

B – Budget: The unbounded proper-
ty of L representing the absolute 
difference in the min point and 
the max point.

S – Schedule: The bounded value 
spanning from the start value to 
the finish value of the duration 
value.

D – Duration: An unbounded scalar 
property of the schedule indicat-
ing days between start and finish 
inclusive.

In practice, it is necessary to denote 
which domain is actually being re-
ferred to at a given moment. For this 
purpose, two suffixes are established 
that can be lower or upper case, de-
pending upon need and context. 

V, (v) – The value domain (either 
form in appropriate context).

T, (t) – The time domain (either form 
in appropriate context).

Most of the analysis that follows is 
based upon accumulated quantities, 
which is typical practice in traditional 
EVM analysis. So lack of any further 
qualification in notation denotes cumu-
lative quantities, while specific period 
values if needed will be further quali-
fied by appending the word “period” as 
necessary. 
This section concludes by defin-
ing fundamental notation for generic 
Earned Progress variance and index 
metrics that are valid in both domains. 
When referring to a specific domain, 
the appropriate V or T notation will be 
added. 

PPV – Plan Performance Variance: 
The difference between E and P

APV – Actual Performance 
Variance: The difference be-
tween E and A

PPI – Plan Performance Index: The 
ratio of E to P

API – Actual Performance Index: 
The ratio of E to A

Formalized earned Progress 
Management terminology
The basic unified lexical elements pre-
viously defined are summarized Figure 
3. When analyzing an element or re-
lationship that is domain agnostic, the 
analysis can be done using the single 

Figure 3. EP management unified lexical elements.
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letter universal assignments. In prac-
tice, a system of more specific notation 
is required. By combining the parame-
ter notation with the property notation, 
it is possible to define a complete con-
sistent set of structured terminology 
that permits reference to both bound 
and unbound situations. Likewise by 
combining the Universal Metrics with 
the (t) or (v) notation, specific domain 
references can be made as well. 
Figures 4 and 5 define a complete set 
of EPM terminology for the value do-
main and the time domain, respec-
tively. This unified terminology will be 
used to articulate the remainder of the 
concepts that follow. It is proposed 
that this terminology is a logical next 
step in viewing EVM and ES as an in-
tegrated analysis system. A column in 
the figure is provided to depict the his-
torical reference in the prevailing EVM 
or ES lexicon as the case may be.

In summary, it was noted earlier that 
the traditional Earned Value defini-
tion was “scalar-like” while the tradi-
tional Earned Schedule definition is 
more “vector-like.” In the unified view, 
to support the analysis that follows, it 
is necessary to have a singular view 
in both domains. As previously ar-
gued, the origin and completion an-
chor points matter, so when discussing 
the value domain, the more descrip-
tive (and correct) lexicon should 
be Planned, Actual, and Earned 
Allocation. While in the time domain, 
the proper lexicon is indeed Planned, 
Actual, and Earned Schedule. 
However, many of the calculations, 
notably the performance ratios, do in-
deed involve unbounded variables. In 
these cases the notation PT, AT, and 
ET will be used to maintain congru-
ence with PV, AV, and EV. No doubt 
there will be those who wish to main-
tain the notation established in the 

Lipke paper, so if that remains the 
norm, the true meaning will need to be 
inferred by the usage context. It also 
is important to note the ES virtually al-
ways refers to calendar days and not 
working days.

the earned Allocation to earned 
schedule transformation 
(hereafter the Lipke Function)
Turning now to the issue of determin-
ing the Earned Progress Parameter 
in the two domains, recall that the tru-
est measure of progress is an objec-
tive assessment of physical percent 
complete (PPC) utilizing established 
earning rules and rules of credit in the 
value domain. Work accomplished can 
only be truly measured in the value 
domain because of parallel work that 
takes place in the same time span. In 
the value domain, EV is calculated by 
multiplying PPC times the PB. With 
this value established, the Earned pa-

	  

Figure 4. Earned Progress Management value domain parameters, properties, and metrics.

	   Figure 5. Earned Progress Management time domain parameters, properties, and metrics.
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rameter in the time domain can be 
readily determined using the transfer 
function established by Lipke. Figure 
6 shows the generalized formulation. 
(Note that this general formulation is 
offered for clarification of the concepts 
that follow and not as a recommended 
change to the zero anchor point histor-
ically used to calculate EV.) 

What Makes schedule Different?
With two postulates articulated and a 
new lexicon defined, it appears that 
schedule is not so different after all, 
but such is not the case. There are 
still distinct differences that will drive 
and constrain the arguments that are 
put forth later, so those differences are 
considered now. 
The first and perhaps most important 
difference is that the characteristics of 
the currency of the two domains are 
quite different. The currency of the val-
ue domain (dollars) is fungible, while 
the currency of time domain (days) is 
not. The dollars used to pay engineers 
to design are just as useful to pay 
welders to weld and suppliers to pro-
vide product. Their work also can be 
stopped and restarted later, and typi-
cally, a project is not charged for re-
sources when they are not working. 
The days (or hours) are quite anoth-
er matter. They are time bound, and 
nothing in the world can slow time. 
(It is important to be clear that this 
is referring to clock hours and days, 
not person hours or person days.) 
Likewise the hours expended by the 
design engineers are not fungible with 
the hours spent by the welder, so time, 
in a sense, is a more specialized, di-
versified, and, hence, scarcer com-
modity as philosophers have opined 
for centuries. However, much of the 
work of a project can be, and indeed 
is, conducted in parallel respecting, of 
course, the critical path. At this point, 
one may reasonably say, “So what!” 
The point of this detailed treatment of 
the apparent obvious is this: Earned 
Schedule has been a derived element 
based on Earned Value. Because of 
the characteristics of the Time and 

Value domains just articulated, EV 
and ET do not share identical proper-
ties across the domains, even though 
they do share totally congruent proper-
ties and behaviors within the domains 
where calculations are made.
It is clear that the fundamental mea-
surement of ES and its scalar ET is a 
derived value from EV and will contin-
ue to need to be derived in the same 
fundamental manner as described by 
Lipke in 2003. Once that transforma-
tion is made, the congruence of para-
metric behavior holds in both domains, 
not only for E but for P and A as well. 
For the remainder of this paper, this 
operation will be referred to as the 
Lipke function. The generalized formu-
lation of the Lipke function as used in 
the context of this paper is described 
in Appendix A as it is distinct from the 
method described by Lipke himself in 
2003.

Adequacy, Feasibility, and 
Quality of  the Plans
Because ES is a parameter that de-
rives from EV, it is fair to examine how 
the two measurement baselines of 
PV and PT are related (PS when an-
chored to Pstart and Pfinish). 
The most logical question surrounds 
feasibility of both plans. If one pre-
sumes that the PV represents a fea-
sible cost Plan, the feasibility of the 

Schedule Plan is driven by the effi-
ciency and effectiveness of the re-
sources available to perform the work 
along with the nature and character of 
the work. 
On one end of the spectrum, some 
work is perfectly divisible and can be 
accomplished faster by simply add-
ing more resources. A large amount 
of work can be done in a very short 
time, or conversely the same work 
could take a long time with only one 
resource working. However, both sce-
narios represent feasible plans. 
On the other end of the spectrum, 
there is the situation where time is 
simply part of the process making the 
work perfectly indivisible. In practice, 
tasks typically are somewhere be-
tween these two extremes making a 
programmatic or a fundamental for-
mula that connects PT and PV im-
possible. Therefore PB and PD must 
be validated using independent pa-
rameters and metrics, and multiple 
approaches exist. The most refined 
approach is, of course, to develop a 
cost- and resource-loaded schedule 
that models the work in sufficient detail 
to produce a valid PV/PB and PS/PD. 
EVM is sometimes criticized because 
it has no provision to measure project 
quality, so it is possible for EVM to in-
dicate a project is under budget and 
ahead of schedule but still have unhap-

	   Figure 6. Earned parameter relationship between domains.
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py clients and ultimately unsuccess-
ful results. Such criticism has merit, 
but it is targeted in the wrong direction. 
The object of EVM/ES is to measure 
progress against a selected perfor-
mance management plan. It is incum-
bent upon the program management 
leadership to assure that the plans are 
feasible and structured to produce a 
successful result, including adequate 
processes to address quality along the 
way. For purposes of this paper, it is 
presumed that the time and value do-
main plans represented by PV/PB and 
PS/PD have been developed with suf-
ficient rigor and have been validated 
by sufficient means such that they are 
adequate and viable plans suitable for 
performance management. 

the Core Metrics
The three fundamental Earned 
Progress Parameters permit the cal-
culation of the previously defined four 
metrics. The naming convention is 
established purposefully to be high-
ly descriptive and to avoid inferring 
meaning that isn’t there. These met-
rics are the Plan Performance, and the 
Actual Performance both expressed 
as a variance and an index. The do-
main agnostic formulas are

PPV = E – P 
APV = E – A 
PPI = E / P
API = E / A

In general, these relationships hold re-
gardless of which domain one is pres-
ently considering, and they are useful 
for projecting estimates of comple-
tion using the traditional formulations. 
Considering these metrics in the val-
ue domain, the familiar formulations 
emerge in a bit different notation.

PPV(v) = EV – PV 
[SV in traditional notation] 

PPI(v) = EV / PV  
[SPI in traditional notation]

APV(v) = EV – AV  
[CV in traditional notation] 

API (v) = EV / AV  
[CPI in traditional notation]

These metrics show how well progress 
is being achieved relative to plan and 
relative to the actual expenditures. The 
expectations relative to usefulness are 
low for PPV(v) and PPI(v) because of 
long-standing evidence that suggests 
suggests they (SPI) are weak. For pur-
poses of this analysis, it is outright re-
jected as a valuable parameter. As it 
yields an erroneous result, it, there-
fore, must be flawed. By extension, 
the traditional composite metric of CSI 
must be similarly flawed as it contains 
SPI as a factor. In the unified formula-
tion, the old concept of CSI seems to 
be an artifact that has some value ear-
ly in the project but fails in the longer 
term. It is given no consideration in the 
EPM framework as potentially better 
metrics are available. Now, consider 
the core metrics for the time domain. 

PPV(t) = ET – PT  
[No traditional notation)

PPI(t) = ET / PT 
[No traditional notation]

APV(t) = ET – AT  
[SV(t) in traditional notation] 

API(t) = ET / AT  
[SPI(t) in traditional notation]

The plan-oriented metrics are not even 
considered in earned schedule as de-
vised by Lipke. Perhaps that is appro-
priate because, on the surface, it may 
seem that planned time PT does not 
yield much information since it is sim-
ply the elapsed days since the Pstart 
date +1. Furthermore, for Status dates 
earlier than the start date, its value is 
negative and increases to zero at the 
Pstart date. Calculations that use this 
parameter would seem to have dubi-
ous value both before and after Pstart. 
However, for completeness of the new 
framework, these plan metrics are im-
portant issues that will be explored.
The important point is that this no-
tation for the metrics respects con-
gruence and resolves the underlying 
situation where SPI refers to the Plan 
metric in EVM while SPI(t) refers to 
the Actual metric in ES. In the new 
framework, analogous relationships 

have similar notation, so metrics are 
always consistent. 
The charts comprising Figures 4 and 5 
summarize the formulations of the ba-
sic lexicon and the parametric instan-
tiations in both domains for bounded 
and unbounded situations. 

Using Bound and Unbound 
Parameters
It is evident from Figures 4 and 5 that 
the definitions in the unified frame-
work are more precise than the histori-
cal meaning of parameters such as EV 
and ES. In the traditional sense, EV 
has no anchor points while ES does. 
For the remainder of this paper, when 
referring to bound values, EL and ES 
will be explicitly used, and when re-
ferring to unbound properties, EV and 
ET will be used. Likewise, the same is 
true for the other two fundamental pa-
rameters, P and A. It must be acknowl-
edged that introduction of the bound 
and unbound discussion into the 
earned value arena introduces a level 
of complexity that is unnecessary for 
the day-to-day application by the EVM 
practitioner. But that was never the 
reason for inclusion of the concepts of 
bounded and unbounded conditions. 
Recall that a basic premise of this pa-
per is that EV and ES are fundamen-
tally integrated concepts, two different 
sides of the same coin sharing as-
pects and behaviors. This premise is 
supported by demonstrating congru-
ence between the time domain and 
the value domain and the behaviors 
of the parameters within each. The 
concept of being bounded is readily 
apparent in the time domain but not 
apparent at all in the value domain. 
But to demonstrate that congruence 
exists, it was necessary to show that 
it is fundamentally there in the value 
domain as well as in the time domain. 
Much of the supporting argument rests 
upon this premise. If the articulation 
of the bounded and unbounded con-
cepts demonstrates congruence, then 
it largely served its purpose. It is a 
bit like the derivation of the quadratic 
equation. It is undertaken once to cre-
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ate understanding, but in practice, only 
the result is used. 
However, it is important to note that 
the concept of bound values does add 
to the state of the practice in the time 
domain, allowing one to think in terms 
of ES being bound to the specific days 
or dates, as much of the analysis that 
follows rests on this foundation. On 
the EV side, the unbound approach 
remains perfectly adequate. However 
the proposed notation will offer clarity. 

A Generalized Formulation of  
earned schedule
Initially the Earned Schedule concept 
was conceived to be a measure that 
would apply at the full project level. 
The ES measurement was formulat-
ed by establishing a point on the time-
line in months where the elapsed time 
should have occurred given the work 
presently completed. The ES value is 
obtained by counting the number of 
full reporting periods prior from the be-
ginning of the project plus a portion of 
the next reporting period using trigo-
nometric methods. AT was measured 
as the number of reporting periods 
from the beginning of the project to the 
status date of interest. And the rest is 
history. 
As earlier noted, it is quite convenient 
when working with EV to set the cumu-
lative allocation at the start of project 
or an activity within a project to zero. 
In fact, it is so natural one doesn’t 
even notice. It is just the way things 
are done. However, as one delves 
deeper into the concept of a general-
ized formulation of ES, it is more con-
venient to use the calendar time scale 
demarked in dates rather than a scale 
with a zero point at the beginning of 
the project and demarked in days. But 
it should be noted, these concepts 
work just as well if one chooses to do 
the latter and count days from this ori-
gin. All of the properties of bound and 
unbound parameters hold; although, 
they are not as readily apparent when 
everything is denoted in days rather 
than dates and days respectively. 

Earned Schedule, as traditionally uti-
lized, is actually a special case of a 
more general formulation of the time 
domain side of the unified meth-
odology termed Earned Progress 
Management. Using the EPM struc-
tured framework articulated here, a 
general solution is articulated for the 
time domain that is applicable at both 
the total project level and subdivisions 
of project. For the discussion that fol-
lows, consider a task at the lowest 
granular level, where value domain 
data exists for the PV and EV pa-
rameters. AV data is not used in this 
analysis. The associated time domain 
components are derived directly from 
this data and are described here. 

Planned Schedule (PS)
PS is simply a straight line that con-
nects (Pstart, zero) and (Pfinish, PD). 
The straight line reflects the inherent 
nature of time. 

Earned Schedule (ES)
Likewise, it is a simple matter to de-
termine ES and more specifically the 
ES progress date, E(progress). It is 
a relatively straightforward process 
to determine the two end-of-period 
(EOP) dates between which the cur-
rent E(progress) date falls. Then us-
ing trigonometric methods, the actual 
E(progress) date can be determined 
by adding the partial period in days 
to the end of reporting period date 
A(status) just prior to the E(progress) 
date. This partial period is referred to 
as a stub period. 

ET = EOP(before) + STUB
where

EOP(before) = the end of the re-
porting period just prior to the 
E(progress) date.

STUB = A portion of the next report-
ing period up to the E(progress) 
date.

With this method, the date when the 
work that has been completed should 
have been completed has been estab-
lished, which of course is the definition 
of Earned Schedule. 

Since the full project is not under con-
sideration, but rather some portion of 
the project, the actual ET for this low-
er-level task or analysis profile is yield-
ed by the following formula: 

ET = ES(progress) – Pstart +1
This approach accounts for the true 
start date, which is necessary for ac-
curacy at the granular level. 

Actual Time (AT)
AT is the final parameter needed to 
calculate an index with ET to evalu-
ate progress in the time domain and to 
make predictions of when in the future 
the task will finish. This index is the ra-
tio of Earned to Actual or API(t) in the 
new lexicon. 
On the surface, determining AT seems 
like a straightforward and intuitive pro-
cess, but several additional factors 
must be considered when only a por-
tion of the project, rather than the full 
project from the beginning, is being 
considered. 
It is logical to presume that AT would 
simply be the Time(status) or the 
time now – the Actual Start Date + 1. 
When one considers the whole proj-
ect, Planed Start and Actual naturally 
occur at the same point, so it seems 
quite logical to presume that when 
the project is broken into component 
parts, AT would begin accruing at 
Astart. However, in general, AT begins 
accruing at Pstart and NOT at Astart 
(except for a specific situation). To fully 
appreciate the implications of AT and 
its origin point relative to the “score 
keeping” value as well as the “predic-
tive value” of the API(t) index, some 
example scenarios are helpful. 
In the scenarios that follow, the ET 
parameter is given at 80 days. Pstart 
was April 1, 2011, so ES extends to 
June 29, 2011. Naturally in practice, 
ET and ES would be established by 
an earning rule that produces an ob-
jective physical percent complete in 
the value domain. This PPC would 
yield the Earned Value, which in turn, 
through the Lipke function, yields the 
Earned Time quantity and the Earned 
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Schedule binding. For illustration, 
that process yields 80 days in these 
scenarios. 

Scenario 1 — On Time Start
In this scenario AT = PT = 100, and 
the behavior one would expect emerg-
es. In the example shown, the Lipke 
function has yielded an ET of 80 days, 
AT is 100 days from Astart, the ET/
AT index = 0.8, and the estimated du-
ration at completion is 250 days. The 
estimated date at completion can be 
fixed at Astart plus 250 – 1. 
Since Astart was on April 1, 2011, then 
the Ffinish would be December 6, 
2011. This is an intellectually satisfying 
result since the index is less than one 
and the formula is projecting a late fin-
ish; however, although it yields the 
correct answer, the formula is wrong. 
The ET/AT index is correct, but the 
general and correct formulations are 
AT is 100 days from Pstart and the 
estimated date at completion can be 
fixed at Pstart plus 250 – 1. Because 
Pstart = Astart both formulations yield 
the same result. The next scenario viv-
idly demonstrates this proposition. 

Scenario 2 — Late Start
In this scenario, assume that the work 
started 20 days later than planned on 
April 21, 2011. Production was good 
as the team earned 80 days and ex-
pended 80 days, and further presume 
that the team performs with the origi-

nal level of efficiency such that ES 
= AT as the work unfolds. Using the 
Astart as the anchor point, FD will oc-
cur at 220 days, which is 20 days past 
the planned finish. All seems well, but 
if you calculate ET/AT as the work is 
being accomplished, a different pic-
ture emerges. ET/AT is always unity 
(1), indicating that the task is on plan 
therefore on schedule. Clearly, this is 
not the case since it is obviously be-
hind schedule as the figure reveals, 
and clearly, this is not the way the ET/
AT index behaves in the value domain. 
Based on the congruence principle, 
ET/AT in the time domain should be 
reflective of how late the task is run-
ning and behave similar to EV/AV in 
the value domain. Even though ET/
AT at unity suggests an on-time fin-
ish, the FD does calculate to a 20-day 
delay. So the message this scenario 
sends is that it is not terribly appar-
ent the task is behind but the work is 
on pace, and if one looks closely, it is 
really 20 days behind. This does not 
present a clear picture of what is actu-
ally happening. It has other issues as 
well. ET/AT should always resolve to 
value once the Pstart point is reached. 
Using Astart as the anchor point in the 
first 20 days of the work, ET/AT would 
equal 0/0, which is undefined. Also, 
assuming the 80 days earned is held 
at this fixed value, then the later the 
work starts, the earlier it would finish if 
AT starts at Astart. These illogical re-

sults can only lead to one conclusion. 
The method of calculating AT from 
Astart is fundamentally flawed. 
Utilizing the philosophy that AT = Time 
(status) – Pstart + 1 achieves more 
satisfying results. Until work actually 
starts, ET/AT = 0 rather than being un-
defined. With this approach, once the 
work starts ET/AT gives a true mea-
sure of schedule progress. Even if the 
work starts very late, the forecast end 
date will start out a long way in the fu-
ture and then rapidly pull forward af-
ter a few periods. The forecast end 
date will be further in the future than a 
forecast date developed with the tradi-
tional method that has now been dem-
onstrated to be flawed. This makes 
sense since it is probably unlikely a 
body of work starts late but runs to-
tally on the original anticipated pace. 
This approach will converge on the 
true final finish date, but it should pro-
vide better predictive measures along 
the way, and the slope of the ES his-
tory line will be useful to determine 
the pace necessary to recover the 
schedule. 
There is a rather elegant argument 
that supports the correctness of this 
approach to the calculation of AT. 
Recall that earlier it was noted that 
Earned Progress is the measurement 
of the consumption of an asset in each 
domain. The assets are money (or 
person-hours) in the value domain, 
and days in the time domain. It also 
was noted these assets have different 
characteristics, particularly that mon-
ey expenditure can be turned on and 
off, but time cannot. Therefore, since, 
in this instance, time is the asset that 
is to be measured relative to the plan, 
AT must start the moment the planed 
start date arrives. Time simply cannot 
be turned off. The actual start date and 
the actual finish date are attributes of 
the value domain that de-mark the be-
ginning and end of the value domain 
expenditure; however, the asset being 
measured is time bound to a schedule. 
To measure schedule with high fidelity, 
AT must begin at Pstart. 

	  

	  

Figure 7. ES Scenario 1, on-time start.

Figure 8. ES Scenario 2, late start.
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In the generalized form of earned 
schedule, AT cannot always be mea-
sured from the Astart because ES has 
both a magnitude and anchor points. 
When Pstart is used as the trigger to 
start the clock on actual time, the re-
sultant values return to what they 
were in Scenario 1. Although this task 
had better production than Scenario 
1, it will still end late because it start-
ed late and did not achieve better that 
planned productivity. Estimates of FD 
in subsequent status periods will con-
verge on the final true FD. 

Scenario 3 — Early Start
In this scenario, the situation is consid-
ered where the task starts early, which 
presents two unique situations. If the 
clock on AT is started at Pstart, the 
time expended would be understated. 
Essentially the team would be given a 
free head start. If tracking AT begins at 
Pstart, the end date would consistently 
be underestimated because the work 
done ahead of that date is not being 
considered. The congruence princi-
ple earlier articulated offers guidance. 
On the EV side, early work incurs real 
costs. Those costs become part of 
AV even though the work started ear-
ly. Likewise, once the work starts, if 
Pstart is used as the event that turns 
on the AT clock, the early on A(status) 
dates (before the Pstart date) would 
yield negative numbers for AT which is 
more evidence that using Pstart as the 
anchor point in this case is flawed. In 
this scenario, the anchor point must be 
Astart. 
In summary, the significant findings 
from this analysis are
• When the work starts on time or 

late, the appropriate point in time 
for projecting finish dates is Pstart.

• When the work starts early the ap-
propriate point in time for trigger-
ing the start of AT is Astart.

On the surface, this seems to be in-
congruent. Should not AT always be 
bounded by Astart and Afinish? One 
would think so, but it must be asked, 

“Exactly what is AT really represent-
ing?” It is clearly not elapsed time from 
Astart to Afinish. With EPM, in either 
domain, the Plan is a yardstick being 
used for comparison. When viewed 
this way, actual time AT can start no 
later than the first measurement point, 
which is Pstart. 
To generalize the ES method, it is 
tempting to introduce a new concept 
that could be called “tracking time” to 
use in the variance and index calcula-
tions. A better and more congruent ap-
proach is to reject this idea and simply 
define AT for the body of work as the 
time elapsed from the earlier of Pstart 
(when it should have started) or Astart 
(when it actually started) to the status 
date under consideration. In addition, 
once the body of work is complete AT 
ends at Afinish.

AT = Astatus – MIN(Pstart, Astart) + 1  
(While the element is underway)

AT = Afinish – MIN(Pstart, Astart) + 1 
(When the element is finished)

In addition, Future Duration (FD) and 
Estimated Completion Dates are cal-
culated as follows:

FD = PD / API(t)
Ffinish = MIN(Pstart, Astart) + FD – 1
Ffinish = MIN(Pstart, Astart) +  

PD / API(t) – 1
For completeness, it is noted that 
Elapsed Time (Astatus – Astart + 1) 
has no particular usefulness in this 
context while the element of work is 
running, but Actual Duration or AD 
(Afinish – Astart + 1) is quite valuable 
as a tool for planning future work. In 
summary, API(t) in the form of ES/AT 
is the definitive metric for projecting fu-
ture time-based values.

the Usefulness of  the Plan 
Performance Variance (PPV) 
and Index (PPI)
In the general lexicon for ES, a plan 
variance and index was introduced. 
It is appropriate to ask if PPV(t) and 
PPI(t) have any more usefulness than 
their counterpart in the value domain. 
To properly answer this question, it 
is necessary to more fully examine 
the PS and its related scalar PT. PT 
is defined as Pstatus – Pstart + 1. If 
PT is mathematized for Status dates 
that start earlier than Pstart, a nega-
tive time result emerges, so clearly, PT 
is undefined prior to Pstart. After the 
Pstart date passes, PT can be mathe-
matized with a positive time result, and 
the value is always the elapsed time 
between the status date of interest 
and Pstart. However, once the Pfinish 
date is reached, PT stops accumulat-
ing and is equal to Pfinish – Pstart + 
1. Because of these characteristics, 
the PPI(t) returns to unity when the el-
ement is complete, just like its PPI(v) 
counterpart in the value domain. It is 
interesting to note that for work ele-
ments that have Astart and Afinish 
within the area bounded Pstart and 
Pfinish, the Plan Performance Index 
and the Actual Performance index are 
equal, which may account for why SPI 
in traditional EVM appears to have val-
ue early in the task. Otherwise the PPI 
in both domains are simple plan effi-
ciency measures that contribute very 
little predictive value. 

Interpreting Results
The concepts articulated here extend 
the value of ES to the lowest granular 
level where data exists for all three pa-
rameters, but it introduces some inter-
esting behavioral aspects that should 
be highlighted to make the concept 

Figure 9. ES Scenario 3, early start.
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useful in practice. These situations 
arise primarily when the element of 
work has started early and emerge be-
cause parameters are being used that 
are out of time phase. 
In the situation depicted in Figure 7, 
APV(t) is clearly visible in the graphic, 
and a quick glance at ES bar will tell 
the analyst if the element is ahead or 
behind schedule based on if the ES is 
over or falls short of the Status line.
In Figure 9, it is not quite so clear. 
That quick glance would suggest that 
the element is 20 days behind sched-
ule, but the APV calculation yields the 
true result, which in this case, is 40 
days behind schedule. As evidenced 
by Figure 9, it is important to always 
check for negative variance when an 
element has started early. 
Figure 10 dramatically illustrates this 
issue. The execution team has earned 
100 days and 100 days have elapsed 
since Pstart, so ES and PT align per-
fectly, suggesting that the element is 
on schedule. In reality, it is on sched-
ule, but the team is not on pace to fin-
ish on schedule. As shown, they are 
actually 20 days behind schedule and 
on pace to finish 40 days late. The 
black arrow depicts the PPV(t) value 
plotted from the Status Date in the ap-
propriate direction. Another way to 
look at this would be to imagine that 
the ES portion of the graph were to 
temporarily slide to the left to align 
Pstart and Astart. The resultant gap 
would be the true value of PPV(t). 
In either case, the mathematics yield 
forecasted results that are reasonable 
and consistent with what one would 
expect given the conditions; therefore, 
utilizing these formulations Earned 

Schedule can be an extraordinarily 
useful tool, even at the lowest levels of 
granularity. 

Predicting “At Completion” 
Forecasts
One of the hallmarks of EVM histori-
cally, and ES recently, is in the pre-
dictive value they provide without 
resorting to the detailed schedule 
data. EVM has done that very well at 
the lowest level of granularity, but it 
weakens as it is summarized. While 
ES has done well at the highest level 
of summary, it weakens at the granular 
detail level. The unified approach and 
its generalized methodology shows 
both concepts can provide better val-
ue at all levels of analysis without re-
sorting to critical path data.5 But, as an 
independent measure, the unification 
of EVM and ES into Earned Progress 
offers significant potential as an inde-
pendent measurement and top-level 
management tool. 
As previously noted, the predictive val-
ue inherent in Forecasts of Completion 
have been a valuable part of earned 
value analysis from its beginning, and 
in addition, earned schedule as de-
veloped by Lipke has significantly im-
proved the predictive value in the time 
domain. In the unified system of earned 
progress, the equations that predict es-
timates at completion can be generally 
defined for both domains in formal do-
main agnostic terms as follows: 

F = A + [(N – E) / API] 
where API = E / A then F = N / API.
Instantiating this equation for each 
of the two domains in the short form 
yields the following:

FB = PB / API(v)  
for the value domain

FD = PD / API(t)  
for the time domain

In addition, for the time domain the 
forecast completion date is given by 
the following:
Ffinish = Min(Pstart, Astart) + FD – 1

These are the classic formulations, but 
in traditional EVM analysis, EAC is of-
ten calculated by using both the actu-
al and schedule performance factors 
in weighted proportions. This is done 
with the expectation of gaining a higher 
fidelity estimate at completion. This is 
a logical expectation since clearly both 
value and schedule are impacted by 
changes in performance, so it is quite 
reasonable to expect that reflecting 
both parameters in the forecast calcu-
lation would yield better predictions. 
However, the overall usefulness of 
traditional SPI has largely been dis-
credited, and the analogous parame-
ter in the Earned Schedule world has 
not been explored. The analysis de-
veloped in this paper suggests it, too, 
is of dubious value. Yet the approach 
of using a blended factor appears to 
have value. Perhaps the answer lies in 
the fact that SPI does have usefulness 
early in the duration, and the structure 
of the weighting (which is typically low 
toward the schedule factor) makes the 
contributed value of the schedule fac-
tor very low, which masks its dubious 
value late in the duration. 
Should the whole approach be re-
jected? Certainly not! The general ap-
proach of reflecting both schedule 
and value in the predictions is funda-
mentally sound since it is known that 
work and schedule are interlocked like 
gears in a transmission. It is neces-
sary to use the proper indices in the 
calculations. The formula in domain 
agnostic terms is 

F = A + [(N-E) / ({(a) * API(v)} + 
{(1-a) * API(t)})] 

where “a” is a weighting factor be-
tween 0 and 0.5.

	   Figure 10. ES Scenario 3, early start analysis.

5 This is not to imply the CPM schedule is unimportant; to the contrary, it is essential. 
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For the value domain the equation is:
FB = AV + (PB – EV) /  

{ a * API(v) + (1 – a) * API(t)}
For the time domain the equation is

FD = AT + (PD – ET) /  
{ a * API(t) + (1 – a) * API(v)}

Note that typically in the value domain, 
larger values of “a” are applied to the 
API(v) parameter, while in the time do-
main, larger values of “a” would logi-
cally be applied to the API(t) value. As 
a practical matter, as will be demon-
strated, the dominant factor likely is 
going to be API(v). 
It is conjectured that it should be pos-
sible to study various types of projects 
and determine if there is an optimal 
value for “a” that makes the best pre-
diction of estimates at completion for 
a given project type that is statically 
significant. 
In as much as it is well known that 
changes in schedule and work are mu-
tually impactful, and since this tech-
nique combines two highly predictive 
indices in their own right, it is expect-
ed that the interaction of these param-
eters at the lowest granular level will 
create higher fidelity estimates than ei-
ther used alone, even without specific 
critical path analysis. 

A Unified Graphical View  
of  ePM
One of the great advantages of tradi-
tional Earned Value Management is 
the classic graphical triple S-Curve 
view of the EVM data. Without look-
ing at a single number, the graphical 
presentation format lets the answers 
almost jump off the page. Having es-
tablished the foundation for a unified 
theory of Earned Progress, it seems 
appropriate to establish a graphical 
view that presents the results from 
both domains in an integrated manner. 
The diagrammatic approach shown 
Figure 11 offers a proposed unified 
graphical view. Rather than use Gantt 
bars, which would complicate the dia-

gram, the additional parameters are 
plotted along the axes. Value domain 
data is presented in the usual manner. 
The Forecast Value (FB) is plotted 
along the vertical axis as a red dia-
mond. This makes it easy to see at a 
glance where the projected finish val-
ue will occur relative to the Budget and 
the Reserves. For the Schedule do-
main, the key points are plotted along 
the horizontal axis with a color scheme 
designed to match the analogous ele-
ments in the value domain. Pstart and 
Pfinish are represented as long verti-
cal blue lines that bracket the Planned 
Duration. Astart and Afinish are rep-
resented by red triangles, with the 
Astart being hollow and the Afinish be-
ing filled. The Earned Schedule date is 
represented by a green solid triangle. 
To aid in distinguishing the true prog-
ress when Astart occurs before Pstart, 
the APV(t) variance is plotted as a 
dark-red, double-end arrow that al-

ways emanates from the Status date. 
In a manner similar to the FB, FD is 
marked on the horizontal axis as a red 
diamond. These markers only show 
the current data, so the chart is aug-
mented to show the history of planned 
schedule relative to earned schedule. 
Additional representations of the his-
torical view of various parameters can 
be added. 

the Problem of  summarizing 
eVM Data
One of the strengths of traditional 
earned value management has been 
the ability to provide summarized EVM 
data information for various related 
activities within a project, as well as 
summarized data for the entire proj-
ect. This is a convenient way to al-
low senior leadership insight to the 
workings and overall progress of the 
project. For purposes of this discus-
sion, these summaries will be formally 

Figure 11. Proposed unified graphical view and definitions.

6 In ANSI 748B, a particular type of TK is called a “control account”. This terminology is not used in this article because granular data may exist at lower 
than traditional levels and the concept presented here is intended to be generally applicable at any level.
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called “Analysis Profiles” or APs. The 
lowest granular level of data where in-
formation exists for all three EPM pa-
rameters will be called a Task6 or TK. 
An AP, then, is simply a collection of 
TKs that are related in some manner. 
These AP summaries can be called 
a rollup view of the underlying data. 
However, it is not without problems as 
results can, and often are, skewed and 
misleading because variances can 
and do offset each other at higher lev-
els of rollup. 
Perhaps the problem lies in the way 
these rollups are traditionally accom-
plished using a consolidation ap-
proach. In the Consolidated Rollup, 
all of the PV, AV, and EV are summed 
for all of the TKs in the AP. The time 
domain core parameters Pstart and 
Astart are derived for the AP using a 
MIN function, while Pfinish is derived 
using a MAX function. Then the tradi-
tional EVM analysis is conducted, and 
an ES analysis can be conducted on 
the AP as well. Unfortunately, the re-
sulting answer sometimes is not rep-

resentative of what common sense ex-
perience would indicate.
For illustrative purposes, consider this 
contrived example. A project consists 
of an AP with two TKs. Each TK is an 
independent body of work being ex-
ecuted by team with diverse skill sets. 
Figure 12 depicts the EP chart for this 
work. By contrived happenstance, TK1 
is behind, and TK2 is ahead. 
FV and FT reveal that TK2 will finish 
87 days early and $4,800 dollars un-
der budget, while the same param-
eters for the TK1 predict it will finish 
late by 166 days and over budget by 
$10,015. However, the contrived re-
sults for these two TKs conspire in 
just the right manner so the EV curve 
of one is just equal to the AV curve 
of the other. Again, by contrived hap-
penstance, the Pstart and Pfinish are 
the same for both TKs in the AP so 
they are running in parallel. The result 
as, illustrated in Figure 13, is that the 
consolidated rollup of this AP shows 
a project that is on budget and on 
schedule with no overrun likely and an 

on-time completion expected. Based 
on the fungible resources discussion, 
the crew finishing early cannot help 
the crew that is behind finish on time 
because of the different skill sets. 
The consolidated rollup view presents 
an unrealistic view of the situation, to-
tally disguising a significant problem. 
Therefore, the inescapable conclu-
sion is that this technique is, at best, 
flawed. (See Figure 13.) 

An Alternative Type of Rollup
It is proposed that the source of error 
in the Consolidation approach stems 
from the fact that useful information 
is discarded in the process. The fore-
casted values developed for the TKs 
at the lowest granular level never en-
ter into calculations, when, in fact, they 
contain much information. So rather 
than consolidate the three core param-
eters and make projections, the fore-
casts for each of the TKs in the AP is 
consolidated, and the P and A param-
eters are consolidated in the usual 
manner. With the data now structured 
in this way, it is possible to ask the 

7 To be fair, this situation has been recognized and that is why traditional estimates at completion are done at the lowest available level and summed. 
The method presented here is a generalization and extension of this current practice.

Figure 12. Contrived tasks comprising a simple analysis profile.
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question, “What would the E value be 
that would produce this consolidated 
forecast?” This term will be called the 
“Effective” earned parameter. 
Utilizing domain agnostic notation and 
the Actual Performance Index (API), 
it is possible to develop an equation 
for the Effective Earned Parameter 
or E(e) by solving for E in the general 
forecast equation. 

F = A + (N – E) / API 
where API = E / A and algebraic 
reduction yields: F = [N / (E / A)].

E(e) can be developed by solving 
for E in the equation  
E(e) = (A * N) / F.

The E(e) parameter can be tracked in 
the same manner as the traditional E 
parameter and doing so yields some 
interesting insights. Applying the ef-
fective rollup method to the contrived 
example working in the value do-
main at the TK level, FV for the Task 
that is running early is $4,478 and 
FV for the task that is running late is 
$19,315. Therefore, the total FV for 
the AP is $23,793. This yields an ef-
fective earned value or EVe of $6,567 
as shown in Figure 14.
This value is a much more satisfying 
result as it reflects the overrun that 
is calculated from the better granular 
data and overall depicts a project that 
is behind schedule.
To make this technique generally ap-
plicable, it is necessary to account 
for the situation where the AP under 
consideration contains one or more 
TKs that have not started. For these 
unstarted tasks, a TK-level forecast 
cannot be made because API is un-
defined. For these future tasks, one 
could simply assume an API of unity 
making F equal to P; however, this ap-
proach is flawed since unstarted work 
contributes nothing to E. This can be 
shown as follows: For any unstarted 
TK, P = F, A = 0. Then E(e) = PA / F =  
A = 0 = E(e). Since unstarted work 
makes no contribution to E(e), all un-
started TKs in the AP are simply ex-
cluded from the calculation. The E(e) 

Figure 13. Consolidated EV rollup.

Figure 14. Effective EV rollup.

that results is based only on work un-
derway and using E(e), the typical 
metrics can be calculated in the usual 

manner, and a full analysis of the AP 
can be conducted. 
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e(e) in the time Domain 
To apply this technique in the time do-
main, the question of how to summa-
rize the individual FD results for the 
two TKs takes center stage. As the 
time domain is in play, one cannot 
add the forecasted durations. The ap-
propriate means to find the duration 
to use in the formula is the maximum 
Forecast duration for the TKs under 
consideration. By extension, then, the 
E(e) for the AP is simply the ET as-
sociated with the TK with the longest 
forecasted duration FD. While logically 
sound, it is difficult to accept that this 
approach yields a valid result since 
the critical path of other TKs could 
have been impacted either positively 
or negatively. So this technique may 
yield interesting results for the TK as a 
self-contained subproject, but there is 
a better way to develop a value for ef-
fective Earned Time for the AP. 
Recall that earned schedule is a de-
rived value from earned value data. 
So, the summation of future work in 
the value domain has likely impact-
ed the schedule as well. So it is likely 
a better value of ET(e) can be devel-
oped simply by performing the Lipke 
function on the value for EVe that was 
calculated earlier. This approach is to-
tally congruent with the techniques 
developed earlier. Returning to the 
contrived example, ET(e) is pegged at 
July 28 and not August 31 as devel-
oped using the traditional method. The 
value of FTdate is later using the Lipke 
function, now July 24, 2011, as op-
posed to April 30, 2011, which is again 
intellectually satisfying as the critical 
path has probably been impacted. 
In these examples, the single index 
form of the equations has been used 
to project forecasts at the TK level. 
The effective EV and ET are also cal-
culated using the single index meth-
od. So the question naturally arises, 
“If the forecasts were created with the 
presumably higher fidelity method that 
utilizes both the schedule and value 
indices, shouldn’t the effective EV be 
calculated so that it also is reflective of 

both indices?” The short answer is that 
it is not necessary because the EVe 
calculation is totally independent of the 
method used to create the forecasts. 
The EVe calculation simply answers 
the question, “What EV would lead to 
the total of the individual forecasts for 
the TKs?” As long as one uses a con-
sistent method, results will be compa-
rable from one AP to another. 
It should be noted that it is possible 
to create an EVe analysis reflective of 
both the API(v) and API(t); however, 
as it is an iterative complex process, 
the argument and the derivation of for-
mulas are not presented. 
These methods extend the current 
practice of developing Estimates to 
Complete and Estimates at Completion 
at the granular level and summing 
them, but it extends this concept to al-
low a view of the Earned Parameter to 
be displayed that is reflective of true 
progress on a rollup basis. 
Comparing Figure 13 to Figure 14 
speaks most eloquently to the po-
tential power of this “effective” meth-
od. The effective rolled-up analysis 
shows a project that is on budget, be-
hind schedule, and predicting a sched-
ule overrun but also predicting a cost 
overrun even though the project is 
presently spending to plan. That is a 
situation that would not be revealed by 
traditional EVM analysis. 
The executive that had received Figure 
13 with the message that all is well 
now also receives Figure 14 with the 
message that all is well with the spend-
ing now, but this schedule slip will cost 
the project in the end. With both the 
consolidated and effective rollup avail-
able, there is the basis to ask ques-
tions with an expectation for root cause 
analysis and prompt corrective action. 

Conclusion
In this paper, the fundamental under-
pinnings of EVM and ES have been 
exposed, and a theory that unifies 
these two concepts has been pro-
posed. Out of this combined theory, 
a new and more precise lexicon has 

been developed and several improved 
methods of analysis have been pro-
posed. The obvious question is, “What 
does that mean for the EVM / /ES 
practitioner community?” That ques-
tion cannot be easily addressed, and 
the answer depends upon eventual 
acceptance of the theory and valida-
tion of the methods proposed. 
A compelling argument need not be 
forced into acceptance. If it is suffi-
ciently compelling, it will eventually be 
adopted on its own merit. If the argu-
ments articulated here are sound, it 
is hoped that at least a realignment 
of the EVM/ES lexicon will be under-
taken to take maximum advantage of 
the integrated nature of the Earned 
Progress Concept and the improved fi-
delity it may promise. 
Likewise, regardless of how intellectu-
ally satisfying an answer to a contrived 
situation may be, only the application 
of a concept to real-world data can 
conclusively determine if the proposed 
methods lead to higher fidelity results 
than the prevailing methods. That test-
ing and ultimate proof is left to others 
with access to significant data collect-
ed over the life of projects. However, 
one cannot help but wonder about the 
potential for a method of higher fidelity 
analysis that puts schedule and cost 
on the same level playing field and al-
lows schedule performance to be si-
multaneously managed with the same 
rigor and methods as cost and allow 
issues to be identified even earlier. 
This unified approach must surely hold 
incredible promise for all industries to 
meet the challenge of the 21th centu-
ry of delivering much more with much 
less. Considering this can be accom-
plished without collecting any addition-
al data makes it very enticing. 
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in the new technology to achieve bet-
ter results more cost effectively. 
As I have been writing this paper over 
the past several months, I keep return-
ing to this reference, but this time, in 
the context of wondering if over the 
years some of the fundamental prin-
ciples of EVM had remained hidden or 
at least not fully explored. With this in 
mind, perhaps a deeper examination 
of these principles may yield a view of 
the EVM world that was always there 
but not quite seen. 
To be useful, all fundamental principles 
must be reduced to repeatable process-
es to yield the value we expect from 
them. But we must take care that these 
processes do not become dogma.
It is my sincere hope that these ideas 
foster positive healthy discussion about 
the underlying principles of EVM that 
leads to making a valuable tool even 
better. If you have comments, please 
contact me at jegnot@hntb.com.

Author’s note
Many years ago, working as a team 
leader in product development, I had 
the occasion to read a book with the 
exciting title Microcomputer Interfacing 
by Harold S. Stone. We were at the 
beginning of a new era of computing 
using microprocessors, and this book 
was about connecting them to the 
real world. The most important thing 
I learned from that book had nothing 
to do with electronics, but more to do 
with the author’s approach to the work. 
Paraphrasing the concept, he noted 
that principles are stressed in favor of 
practice, because principles change 
slowly, if at all, over time. At the time, 
I was engaged in the application of 
microcomputers in railroad signal-
ing products. In a paper I wrote at the 
time, I used this concept to illustrate 
how the principles underlying the pre-
vailing technology could be embodied 
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Definitions
X Axis — A time line that represents 
specific dates from an arbitrary origin 
to an arbitrary point in time in the fu-
ture sufficiently distant to represent all 
necessary dates.
Y Axis — A value line denominating 
currency with an origin of zero to an 
arbitrary point large enough to repre-
sent the Planned Budget.
TN — Time Now, the Status Date for 
which data is being analyzed.
ESdate — The date on the x axis 
where a vertical intersects with a point 
on the PV S-Curve that is equal to the 
EV as of TN.
SDB — The Status Date that occurs 
just before the ESdate.

SDA — The Status Date that occurs 
just after the ESdate.
PVB — The point on the PV curve that 
aligns with the SDB vertical.
PVA — The point on the PV curve that 
aligns with the SDA vertical.
Earned Schedule as of time now is the 
time between the ESdate and Pstart 
plus 1. The scalar value of Earned 
Time ET as used for making projec-
tions is the difference between these 
two dates plus one day since work is 
conducted on the start date. The gen-
eral equation to develop the earned 
time property from the bounded 
earned schedule is
Equation A0: ET = ESdate – Pstart + 1

Process
The first step in the process is to es-
tablish the Earned Schedule Date. 
That is the date between Pstart and 
Pfinish, which is at the point where 
PV on the Plan curve is equal to EV 
at the time now. The ESdate is equal 
to the Status Date just before the ES 
date plus some number of days in the 
reporting period that follows the SDB 
point. This number of day is referred to 
as the Stub.

Equation A1: ESdate = SDB + Stub.
The Stub can be approximated using 
trigonometric methods. In Figure A1, a 
right triangle is formed by the following 
points on the Cartesian coordinates:Figure A1 and A2 (inset).

Appendix A
 General Derivation of the Lipke Function (Approximating ES with the best available data)

Triangle 1 is formed by (SDB, PVB); 
(SDA, PVA); (SDA, PVB)
This triangle is shown highlighted in 
orange in Figure A2. All of these val-
ues are known, so it is possible to 
write an equation for the tangent of an-
gle (SDB, PVB): 

Equation A2: TAN(SDB, PVB) =  
(PVA – PVB) / (SDA – SDB)

A second triangle, which is congruent 
with the first and therefore shares the 
same tangent relative to the reference 
angle, is formed at the intersection of 
the ESdate vertical. The equation for 
this triangle is

Equation A3: TAN(SDB, PVB) =  
(EV – PVB) / (Stub).

Combining equations A2 and A3 and 
solving yields a formula that is the best 
estimate of the Stub value:

Equation A4: (EV – PVB) / (Stub) = 
(PVA – PVB) / (SDA – SDB)

Stub = (SDA – SDB) * (EV – PVB) / 
(PVA – PVB)

Equation 4 can be combined with 
Equation 1 to write the definitive for-
mula for ESdate, and that can be com-
bined with the fundamental starting 
equation for ET to yield the following:

ESdate = SDB + (SDA – SDB) * 
(EV – PVB) / (PVA – PVB)

ET = [SDB + {(SDA – SDB) *  
(EV – PVB) / (PVA – PVB)}] – Pstart + 1
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Implementing an Objective Performance 
Incentive Fee Structure

strategy
As the Department of Defense (DoD) 
has recognized the increasingly sub-
jective nature of incentive- or award-
fee contracts, direction has come to 
the program and contracting offices to 
develop more objective criteria. Herren 
partnered with our government cli-
ents to form an IPT of stakeholders 
to evaluate the criteria that could be 
measured in an objective manner. The 
team concluded that the main goal 
should be to provide incentive for on-
time delivery of a quality product. With 
the particular procurement on which 
we piloted this strategy, the contract 
type was cost-plus-incentive fee for 
a system integrator to produce three 
similar but unique computing suites, 
two of which were under concurrent 
production and development [that is, in 
low-rate initial production (LRIP) sta-
tus]. There were three different ways 
for the system integrator to earn fee 
with this contract type:

• Target fee, or the base profit for 
completing the work

• Share line, or the ability for the 
contractor to reduce costs and 
thus provide savings to the gov-
ernment while receiving a portion 
as profit

• Incentive fee, or the ability for the 
contractor to receive profit based 
on meeting certain criteria

This contract structure created high 
risk to our government client, and 
therefore, our team knew that the in-
centive measurements needed to 
outline strong criteria for the prod-
ucts being delivered to meet our 
specifications.
In consulting with the IPT, we deter-
mined that two main issues were not 

By Keith W. Hardwick, CAPM,  
Herren Associates
Today’s acquisition professionals find 
themselves in an extremely complex 
environment. Regulations affecting 
programs and the acquisition pro-
cess are constantly changing and re-
quire a comprehensive understanding. 
Program acquisition plans must be de-
signed to be dynamic in nature, taking 
into account the ultimate goals of the 
end-users while in accordance with 
acquisition regulations. With a U.S. 
government directive to implement 
more objective criteria in determining 
a contractor’s incentive fees, our team 
developed a solution to provide incen-
tive for a contractor’s simultaneous ad-
herence to contract delivery dates and 
end-item quality.
This team crafted contractual lan-
guage that outlined a documentation 
process whereby all quality defects 
would be captured with resolution 
plans at the time of government ac-
ceptance of an end-item. If the con-
tractor does not provide acceptable 
resolution plans or delivers equipment 
late, the contractor’s incentive fee will 
be reduced by a specified percent-
age each week these issues remained 
open.
This new incentive structure has 
caused the contractor to work more 
diligently at monitoring its delivery 
progress, and the government is re-
ceiving end-items with fewer quality 
defects than ever before. The govern-
ment is seeing resolution plans for de-
livered items with errors that are more 
realistic, thus ensuring that the proper 
operating capabilities are delivered to 
the end-users in a timely manner.

being addressed satisfactorily with the 
delivery of equipment:

• Timeliness: products were being 
delivered ahead of schedule

• Quality: products were being de-
livered with numerous “open 
items,” or defects

These issues became the basis for our 
goals to provide incentive for the con-
tractor’s performance objectively.

Measurement
With the help of our IPT, several ideas 
began to be proposed with regard to 
how we would measure quality and 
timeliness.
In terms of timeliness, it was obvious 
to link this metric to the contract deliv-
ery dates (CDD). The IPT determined 
that we should research previous de-
livery performance (classified as late, 
early, or on-time) as well as the im-
pacts that each classification catego-
ry had on overall cost, schedule, and 
installation. Internal government re-
cords, as well as anecdotal information 
from end-item users, were gathered to 
better understand the delivery needs 
to aid us in crafting a cost-effective 
strategy that would satisfy the needs 
of all stakeholders.
For quality metrics, we discussed 
ideas such as performance-based 
payments and earned value manage-
ment (EVM) data. Performance-based 
payments were deemed to require too 
much government oversight to imple-
ment and execute. Meanwhile, EVM 
data was ruled out since linking it to 
fee payments may cause the con-
tractor to represent the data in the 
best possible method, rather than 
truly displaying the manufacturing 
performance.

http://www.smawins.com
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With these two techniques deemed un-
usable, the IPT determined that open 
items (or manufacturing defects docu-
mented by the government on formal 
acceptance of equipment) would be 
the best benchmark to measure the 
quality of the deliverable. IPT members 
informed the team that open items 
were particularly robust and objective 
in that they documented performance 
(such as circuit cards not working) and 
cosmetic defects (such as paint chip-
ping). We determined that research 
should be done to see how the con-
tractor had performed in terms of open 
items and bringing them to resolution.

Analysis
In analyzing previous open item per-
formance, the IPT discovered that nu-
merous systems had been delivered 
to the government with malfunctioning 
circuit cards, incorrect IP addresses, 
and surface blemishes, among other 
issues. In most cases, the government 
accepted the flawed equipment be-
cause the defects were not necessar-
ily “mission critical”; however, the true 
issue was that many items were never 
resolved — that is, the systems were 
fielded with the open items. This pre-
vious performance data indicated that 
open items would be a good measure 
of quality to provide incentive.

While reviewing historical delivery 
data, we noticed that most equipment 
had been delivered early. This caused 
two main issues:

• Storage costs rose due to the ex-
tra time between equipment ac-
ceptance and fielding

• Improper storage conditions led 
to failure of parts (such as batter-
ies) once fielded, further increas-
ing costs to repair such issues in 
the field after acceptance.

The few systems that had been deliv-
ered late caused increased installation 
costs since the fielding schedules had 
to be adjusted.
Based on this information, we deter-
mined that on-time equipment delivery 
had no negative impacts associat-
ed; therefore, it would be part of the 
incentive.

Redesign
With our measurements defined and 
validated through analysis, the IPT be-
gan developing the new incentive-fee 
process. Eventually, this would become 
two documents in our contract — one, 
to define the open-item documentation 
process, and two, to outline the incen-
tive-fee structure.

To document the open items, our IPT 
developed a process whereby the con-
tractor listed quality defects at three 
points in the production process — 
pre-test, post-test, and final delivery. 
(See Figure 1.) 
The government would oversee and 
approve each documentation process, 
with the final delivery letter ultimately 
determining the incentive fee available 
to the contractor. This process forced 
the contractor to list all known defects, 
determine if each was related to pro-
duction (in scope of this contract) or 
development (not in scope of this con-
tract, for issues with LRIP systems), 
and provide realistic closure plans with 
milestone dates.
The actual incentive-fee structure was 
outlined in a separate document. In 
summation, it stated that there was a 
profit pool named the “Performance 
Incentive Fee,” and the ability to attain 
such dollars could be classified in one 
of three categories (See Table 1):

• Full performance incentive fee 
would be awarded for equipment 
delivered on time with no produc-
tion-related open items.

• Partial performance incentive fee 
would be awarded based on a 
decreased amount if equipment 
was delivered late and/or with 
production-related open items. 
For each week after CDD that a 
piece of equipment was late or 
did not have an acceptable clo-
sure plan for its production-relat-
ed open items, a portion of the 
performance incentive fee pool 
would be deducted.

• No performance incentive fee 
would be awarded for equipment 
delivered a specified amount of 
weeks after CDD and/or with pro-
duction-related open items still 
existing.

Since development-related open items 
constituted issues that were not in the 
scope of this contract, no decrements 
would be taken for such items but clo-
sure plans were still required.

Figure 2. The government open item documentation process.
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transformation
As a result of the new Objective 
Performance Incentive Fee Structure, 
the government has achieved cost 
savings through better quality equip-
ment delivered at the desired time. 
The contractor has begun to communi-
cate on a more frequent basis with the 
government to ensure all parties are 
aware of production issues that could 
impact their bottom line. Systems are 
being fielded with fewer open items, 
and LRIP equipment is being given 
priority status along the production 
line to allow for increased oversight. 
Additionally, the contractor is scruti-
nizing the quality of material coming 
in from subcontractors to avoid de-
fects that could decrease their avail-
able profit.

sMARt in Action
Using SMART solution strategy pro-
vided our government client with tan-
gible results through on-time deliveries 
of high-quality products. (See Figure 
2.) Using the strategy allowed us to 
define an up-front process that made 
better use of the resources available 
to us through our IPT. It reduced cy-
cle time and developed a new struc-
ture that is now saving the government 
money that had previously been lost to 
rework, delivery adjustments, and stor-
age fees. 

About the Author
Keith Hardwick, a Certified Associate 
in Project Management, is currently 
a Senior Engineering Consultant with 
Herren Associates. For the past three 
years, he has provided support to a 
variety of DoD clients, specializing in 
the area of multi-year procurements 
for unique combat systems under 
concurrent development and produc-
tion schedules. Mr. Hardwick provides 
technical and financial consultation 
and analysis services to his clients by 
managing the yearly budgeting and 
execution of U.S. government funds. 
Prior, he led the effort to implement 
Lean Six Sigma practices at the U.S. 

Air Force Pentagon Communications 
Agency’s Computer Network Systems 
Administration unit. You can contact Mr. 
Hardwick at keith.hardwick@jlha.com.

Table 1.  Potential fee available to the contractor.

Fee / Profit Type Available
Target Share Incentive

Early / On-Time deliv-
ery, No Open Items Full If cost savings exists Full

Early / On-Time Deliv-
ery, with Open Items Full If cost savings exists Partial

Late Delivery, No 
Open Items Full If cost savings exists Partial

Late Delivery, with 
Open Items Full If cost savings exists Partial

Late Delivery, with 
Open Items, beyond 
specified period

Full If cost savings exists None

Figure 3. SMART in action.
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EVMS, as “An amount of the total bud-
get withheld for management control 
purposes, rather than being desig-
nated for the accomplishment of a 
specific task or set of tasks.” In most 
programs, particularly developmental 
efforts, there is considerable uncer-
tainty regarding timing and/or magni-
tude of future difficulties such as  
• Growth within currently authorized 

work scope
• Rate changes (overhead, labor, 

material, currency, etc.) 
• Risk, its probability of occurrence 

and its impact
• Other program unknowns
Consequently, MR is established to 
provide a source of budget to plan and 
execute effort initially excluded from 
the project plan, which is necessary to 
overcome these difficulties and keep 
the project on track.
Many people incorrectly view MR as 
funding contingency. To better un-

derstand MR, the difference between 
funding and budget must be well un-
derstood. Budget is the estimated cost 
for the planned work agreed to by both 
contractor and customer. Funding is 
the amount of money held by the cus-
tomer to reimburse the contractor’s 
actual costs and fees or price (de-
pending on the contract type).
A customer generally requires funds 
in excess of the contractor’s budget to 
pay for contract changes and overruns 
(if allowed by the contract). The Office 
of Management and Budget (OMB) 
encourages customers (federal agen-
cies) to establish program risk-adjust-
ed budgets (PRB) to provide funding 
and schedule contingencies to cover 
the risk of cost and schedule overruns 
on a project. 
Figure 2 shows how the MR, which 
is part of the contractor’s budget, re-
lates to the customer’s contingencies 
comprising the program risk adjusted 
budget. In this diagram you can see 
the difference between the contrac-
tor’s Contract Budget Base (CBB) and 
the customer’s PRB, depicted by the 
shaded area. The PRB includes the 
amount of additional funds and time 
that the customer has available to 
handle cost and schedule growth that 
may occur on the project. As the name 
implies, it is based on the risks iden-
tified by the customer for the project, 
which are usually based on the cus-
tomer’s history and experience with 
similar projects. The horizontal scale, 
representing time, shows that the PRB 
is planned to a date beyond the con-
tract end date. This is the equivalent of 
schedule contingency or reserve that 
may be held by the customer.

How to Estimate and Use Management 
Reserve in an Earned Value  
Management System (EVMS)
By Mark Infanti, SM&A, 
Senior EVM Consultant

Introduction
When using an earned value manage-
ment system (EVMS), management 
reserve (MR) is both expected and 
considered a best practice, but the 
lack of understanding of MR and its 
use extends from government agen-
cies to contractors.
MR is an integral part of an EVMS, 
which provides a project manager with 
program progress and trend informa-
tion necessary to effectively manage a 
project and achieve its technical, cost, 
and schedule objectives.
This article will provide direction from 
the government and the industry best 
practices for the establishment, track-
ing, use, and reporting of MR to keep 
a program on track.

Management Reserve Defined
MR is defined in ANSI/EIA 748-B, 
EVMS, the commercial standard for 

	   Figure 1. Illustration of the relationship between budget elements and funding.
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The blue line is the total time phased 
budget or planned value (PV). The to-
tal of the entire planned budget is the 
budget at completion (BAC). Above 
that, is the contractor’s MR. The BAC 
+ MR = CBB. This is the total estimat-
ed “cost” of the project. Above that is 
fee, which when added to the CBB 
yields the contract target price (CTP) 
(not shown). 
On completion of a contract, some 
MR often remains. This may be true 
whether the contractor’s final actual 
cost was over or under the contrac-
tor’s planned cost at completion or 
BAC. Many people find this bother-
some due to confusion over the dif-
ferences between budget and funds. 
Ultimately, the contractor will be paid, 
from funding allocated to the contract, 
for all contractually allowable costs 
and fee incurred in performance of the 
project. This amount may end up be-
ing in excess of the budget (overrun) 
or less than the budget (under-run), 
and any remaining MR is simply a 
number in a log. 

estimating Management 
Reserve 
FAR 31.205-7 (c) defines contingen-
cy as a possible future event or con-
dition arising from presently known 
or unknown causes, the outcome of 
which is indeterminable at the present 
time and indicates that costs for con-
tingencies are generally not allowable. 
Those which are foreseeable within 
reasonable limits of accuracy, e.g., an-
ticipated costs of rejects and defective 
work, may be included in the estimates 
of future cost so as to provide the best 
estimate of performance cost. 
In contrast, MR is not foreseeable and 
should not be included in the PMB. 
The challenge then is how to estimate 
the cost impact of risks, which are un-
certain future events, in the proposal 
cost estimate so that sufficient bud-
get is available to plan the known work 
and set aside MR. 
The ANSI 748 standard says “MR is 
not a contingency that can be eliminat-

ed from prices during subsequent ne-
gotiations or used to absorb the cost 
of program changes. The budget be-
ing held in reserve must not be viewed 
by a customer as source of funding 
for added work scope.” (Unfortunately, 
this rule is often violated.) 
This conflict has perpetuated the 
mindset that MR should be “buried” 
within allowable cost elements pro-
posed on a project, so that once the 
contract is negotiated, the contractor 
then sets aside an amount from the 
CBB for MR. 
In the past, contractors would hold 
back a percentage (e.g., 10%) from the 
total negotiated budget to establish MR 
and distribute the remainder to the con-
trol accounts. This is no longer consid-
ered a best practice. These days, risk 
management is well-integrated with 
both cost estimating and earned value 
management (EVM). Proposal costs 
are estimated by assessing and quan-
tifying potential risks and opportuni-
ties, developing risk and opportunity 
handling plans, and including the cost 
of those handling plans in the propos-
al estimate. Through Monte Carlo and 
other risk analysis techniques, propos-
al estimates with specific confidence 
levels can be developed and proposed 
based on a contractor’s risk appetite. 

On contract award, the risk assess-
ment is updated, and budgets are al-
located to control account plans based 
on the risk inherent in the control ac-
counts’ work scope. Overall budget al-
location is typically made at a more 
challenging level of confidence than 
the proposal cost estimate, allow-
ing the extra budget for establishing 
MR. The allocation of budget to indi-
vidual control accounts is risk based, 
with more budget allocated to high-risk 
project elements and less budget al-
located to lower-risk elements. (See 
Figure 3.)
The majority of the MR established 
should be directly related to overall 
project risk. In addition, MR should be 
provided for other unknowns that will 
arise during the project. 
The process for assessing and quanti-
fying risk and opportunities and using 
this information to establish manage-
ment reserve is as follows: 
During the proposal stage, perform a 
risk analysis. Quantify the probability 
of occurrence and the consequences 
of identified risk events. Identify risk/
opportunity handling plans to mitigate 
or eliminate risk and capture opportu-
nities. Include the cost of risk/oppor-
tunity handling plans in the proposal 
cost estimate. For risks that will be ac-

	  

Figure 2. Budget and funding profiles
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also required for unknown unknowns 
that typically occur on any project and 
must be based on management judg-
ment, the type work, and past experi-
ence with this type of project. 
In the past, contractors would just hold 
back a percentage (10%) from the ne-
gotiated budget for MR and distribute 
the remainder to the control accounts. 
That is not a best practice.
MR can be replenished in two ways.
• Via changes to the contract
• Via prospective replanning, to re-

move budget that will no longer be 
required due to the result of oppor-
tunity realization

Planning for contract changes is done 
exactly the same way as planning the 
initial PMB. An amount of the contract 
target cost is set aside in MR based 
on the risk inherent in the added con-
tract scope. Every time you estimate a 
change that has risks associated with 
the new work scope, you should per-
form a risk analysis, evaluate the cost 
of the risk, and when approved, with-
hold the risk amount for MR. It is just 
as valid for a change as it is for the 
original project planning.
The realization of opportunities, which 
are identified in the initial risk/oppor-
tunity assessment, and subsequently 
managed pro-actively to realize them, 
often results in the elimination of fu-
ture work that had been planned in the 
PMB. Budget for this work, which will 
no longer be required, can be trans-
ferred back to MR when the work/
planning package containing it is 
replanned. 
The amount of MR needed for a proj-
ect depends entirely on the amount 
of risk it entails; however, data are 

cepted, include the cost of their conse-
quences. Perform additional analysis 
to determine the level of confidence in 
the cost estimate. Determine the confi-
dence level required for the acquisition 
based on management’s risk toler-
ance. For example, you may decide to 
bid a high-risk project with a cost esti-
mate having an 80% confidence level 
to ensure project success. 
When the contract is awarded, budget 
the control accounts at a lower over-
all confidence level, i.e., selectively 
issue target budgets lower than the 
high-confidence estimate, to the con-
trol accounts based on their inherent 
risk, and retain the remaining budget 
in MR. For example
• If a task will cost $110,000 with an 

80% probability of success and
• the control account may be bud-

geted at $100,000 (based on a 
50% probability of success),

• the remaining $10,000 is main-
tained in MR.

Some of the allocated control ac-
count budgets should be used to 
plan risk/opportunity handling activi-
ties. Generally, not all risk/opportu-
nity handling activities are included 
in the PMB; usually, the handling ac-
tivities for risks with a high probability 
of occurrence and consequences will 
be initially planned. The remainder of 
the risks/opportunities will be carefully 
monitored. When it becomes obvious 
that they are elevating in probability 
or impact, MR can be issued to pro-
spectively plan risk handling activities. 
Therefore, MR initially set aside should 
be carefully reviewed to determine if it 
is sufficient to handle risks and oppor-
tunities not included in the initial PMB. 
In addition, some amount of MR is 

available to help a PM determine how 
much is typically required on sever-
al types of projects. These data can 
be used as a benchmark. One of the 
questions often asked is, “How much 
MR should I have?” That is an impos-
sible question to answer in general, 
but here is some background.

Management Reserve study
There was a study done on industry 
averages for MR that was published 
in the Acquisition Quarterly Review - 
Summer 2000 by David Christiansen 
and Carl Templin. They reviewed 
data from the Defense Acquisition 
Executive Summary (DAES) for 1975–
1998. This study included over 500 
completed and ongoing contracts. The 
DAES reports reflect summarization of 
information from contractor Contract 
Performance Reports (CPRs).
In that report, they charted the medi-
an percentage of MR by contract cat-
egory and by acquisition phase. The 
charts are shown in Figure 4 and 5. 
Figure 4 shows the median percent-
age of MR by contract category, and 
Figure 5 shows the median percent-
age of MR by acquisition phase.
These are median numbers, not aver-
ages. That means there are an equal 
number of data points above the medi-
an as there are below it. The range for 
the MR percentage was 2.2% to 6.1% 
where: 

MR% = MR budget / total allocated 
budget

Notice that for fixed price contracts, 
the percentage is higher. Hopefully, 
this fact is obvious as the risk is all on 
the contractor so the contractor would 
plan additional MR. 
The MR percentage is higher for de-
velopment contracts than for produc-
tion contracts. That seems obvious 
also as there is a lot more risks in de-
velopment work than in a production 
project.
There are a few considerations in es-
tablishing and maintaining the MR. 

Figure 3. Management reserve components.
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the unit sustained $300,000 worth of 
damage. The unit will have to be re-
built, and the entire schedule now has 
to be changed. Tracking this in-scope 
change requires that the new work be 
planned and scheduled.
The budget for the rebuild needs to be 
planned in the appropriate control ac-
counts so the rebuild progress can be 
measured, like any other work in the 
project. It is not a contract change; 
you cannot go to the customer for ad-
ditional budget. This is the situation 
when MR is used. It assumes no one 
identified the accident as a risk, so this 
change was budgeted from the non-
specific portion of the MR.
Example #2 — The source code de-
velopment testing and correcting cycle 

1. Once a contract is award-
ed, refine/reassess mitigation 
measure(s) included for each risk 
event. Things may have changed 
since you proposed the contract 
that will affect future decisions.

• Reduce/transfer value of high-
cost risk to MR if mitigation ef-
fort was successful.

2. Reevaluate risks and associated 
MR throughout execution of the 
contract

• Risks change. When risks are 
retired, the associated MR 
is either formally transferred 
to other risks or retained as 
“non-specific.”

3. Directly tie MR allocated during 
execution of contract to amount 
associated with each identified 
risk.

4. Because MR allocations are part 
of the change control system, re-
quire that a change request is is-
sued and the project manager 
authorizes the change to the con-
trol account(s) even though the al-
locations are internal changes.

Using Management Reserve 
We have defined what MR is and dis-
cussed how it is estimated. Now, we 
need to address how it is used. The 
easy response, “It is to plan for new 
work scope that has not been planned 
in the PMB and is not out of scope to 
the contract.” 
Once you know how much MR is 
available, how do you identify and re-
port it? 
MR is reported on the CPR as a lump 
sum on formats 1 and 2. All uses of 
the MR would be seen in the base-
line change in CPR Format 3 and the 
description of the uses would be ex-
plained in Format 5. MR usage should 
be maintained in an MR Log (or CBB 
change log) that tracks all of the addi-
tions to and uses of MR. This log and 
process should be identified in your 
change control procedures. 

The MR log is an internal document 
but is the basis for changes to the 
baseline reported on CPR Format 3. 
If you are audited, this is your backup. 
Inside the log is a cross reference to 
the risk log that can support the esti-
mate for all MR in the log.
For an EVM approach to be effec-
tive, all work must be planned with a 
budget. MR allows you to make sure 
that this rule is followed, but it is still 
required to be formally authorized, 
planned, and tracked in the log.
Following are 2 examples of cases 
that require MR:
Example #1 — As part of the develop-
ment plan, an initial build of a proto-
type unit was to be shipped to another 
facility for testing. While in shipment, 

	  

	  
Figure 4.  Median % MR by contract category.

Figure 5. Median % MR by acquisition phase.
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was estimated to require three repeti-
tions for a 60% probability of success 
but could require up to six cycles. If 
each of these cycles takes a month 
and $100,000, each repetition will 
have a significant impact on the proj-
ect and needs to be tracked. At the 
end of three cycles, the code was still 
not error free enough to pass testing, 
and it was determined that it would 
take two more cycles.
The contract said “test to X standard”, 
not how many times to test and fix; 
so, it will not be a contract change. 
Each additional cycle that is required 
to meet the technical specifications for 
delivery will need to be planned in all 
the control accounts affected and the 
budget will come from MR. Since this 
was probably identified as a risk to the 
code development, this MR should 

come from the portion estimated for 
code development risk.
In addition to the types of chang-
es addressed in the two examples, 
there are times when all control ac-
counts are affected by an unexpected 
change. For instance, the labor union 
won a 10% pay increase over the 
amount planned. This situation means 
that every production control Account 
is likely to incur a 10% cost variance. 
If the variance reporting threshold is 
10%, every CAM is likely to have to 
provide a variance analysis based on 
something that they had no control 
over. In this case, the PM may choose 
to allocate MR to all affected control  
accounts to negate the issue. This “re-
planning” will have to follow change 
procedures but is within the purview of 
the project manager.

Conclusion
Using MR is a best practice recog-
nized by everyone that uses EVMS 
and by the ANSI standard, NDIA 
PMSC EVMS Guides, and the DCMA 
Surveillance Guidance. There is no 
question about its validity.
The only questions that arise stem 
from a misunderstanding of the use 
of MR. In today’s cost cutting environ-
ment, there are customers that will 
want to see a contractor use MR to 
budget contract changes and contrac-
tors that will try to use MR to cover 
variances. These misuses of the MR 
must be avoided and understanding 
what MR is meant for will help.
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