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IN THIS ISSUE...
Peter Schwarz

The articles contained in this issue are a hybrid of the old, the new, and the historical. Due to 
several factors, CPM experienced a shortfall in the submission of new articles. Accordingly, 
we researched our past issues and retrieved some significant, expertly-written articles, 
which discuss some of the salient EVM indicators and provide a succinct history of the 
evolution of EVM.

A previously unpublished article by Walt Lipke is included entitled “Examination of the 
Threshold for the To Complete Performance Indexes”, which reviews the relative importance 
and validity of the To Complete Performance Index (TCPI) and the recently introduced To 
Complete Schedule Performance Index (TSPI). A second article by Walt Lipke is reprinted 
from The Measurable News (MN) Issue 1 of 2009, and provides some perspective on the 
new article. This prior article is called “The To Complete Performance Index…An Expanded 
View”. Continuing this theme, an article by Quentin Fleming and Joel Koppelman, entitled 

“The Two Most Useful Earned Value Metrics: The CPI and the TCPI”, is reprinted from MN 
Issue 1, 2009, as well as from a previous issue of Crosstalk.

Refreshing the history of EVM, an article is reprinted from MN Issue 4 of 2009. Entitled 
“How It All Began: The Creation of Earned Value and the Evolution of C/SPCS and C/SCSC”. 
Written by James Morin, this documents the evolvement of the earned value concept. A 
supplemental article by Gary Humphreys, titled “After The Evolution: The Long Slow Road”, 
and re-published from MN Issue 2 of 2010, discusses the travails and changes resulting from 
contract implementation in the following years, subsequent to the Morin article. Change 
and experimentation continue to occur in the earned value world. The key to improvement 
will be to identify the changes which contribute to the long term success of EVM, and 
assign them to their proper place in the process, whether integral or supplemental, and 
discard those without promise. 

CPM TENNESSEE VALLEY
President – Bob Wasser
Executive Vice President – Truman Carroll
VP of Administration – Norman Dean 
VP of Finance – Bill Smart 
VP of Certifications – Reuben Russell

CPM WASHINGTON, DC
President – Barbara Phillips
VP of Administration – Eva Walter
VP of Finance – Kathy Evans
VP of Sponsorships – Ryan Smith
VP of Volunteer Coordination – Michael Marcell
VP of Membership and Communication – Melissa Nino
VP of Programs – Laura Ayres
VP of Website Marketing – Matt Strain

CONGRATULATIONS TO THE 2016-2018 
CHAPTER EXECUTIVE COUNCILS



Achieve more.
Achieve Consistent Project Success with Deltek
Project Portfolio Management.
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CPM PRESIDENT’S MESSAGE
Wayne Abba

2016 is a milestone year for CPM – the 50th anniversary of the 
United States Air Force’s Cost/Schedule Planning and Control 
System Specification. The “CSPEC” was a precursor to the Defense 
Department’s Cost/Schedule Control Systems Criteria, now known 
as Earned Value Management Systems, and is considered to be the 
formal beginning of earned value management. 

Throughout the year, we will remember and celebrate these origins - and the people who 
made them possible - at our workshops and in the Measurable News. I invite you to share 
your thoughts on the first half-century of earned value-based management as we enter an 
exciting new era.

We will usher in the new era by rolling out the Integrated Program Performance 
Management Certification (IPPM™), a senior expert-level professional credential offered 
worldwide. The subject matter involves performance planning, measurement and 
management of programs in a wide range of industries and environments. Bill Mathis, our 
Vice President of Training and Certification, is leading this initiative, supported by the 
many volunteers who make our training program the best in the world. It will build on our 
proven EVM Professional Education Program by filling the gaps needed to address properly 
the entire range of disciplines: Technical Performance Measurement/Benefits Realization 
Management and Agile/Dynamic Schedule and Resource Management.

2016 also will be remembered as a milestone for the continuing worldwide acceptance of 
earned value management. The International Organization for Standardization (ISO) has 
approved the development of two new standards, one for EVM (ISO/AWI 21508) and one 
for Work Breakdown Structure (ISO/AWI 21511). Approvals are pending for CPM to engage 
on two levels: as a liaison member to the ISO/TC 258 Secretariat, which is responsible 
for project, program and portfolio management, and as a member of the US Technical 
Advisory Group. The TAG is led by the Project Management Institute (PMI®) and represents 
the American National Standards Institute as a member of TC258. In the latter capacity, 
we will represent US stakeholders. More information on the family of ISO standards for 
project, program and portfolio management may be found at http://www.iso.org/iso/iso_
catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=624837

CPM is very well-positioned to influence the future direction of integrated program and 
project management through our IPPM™ certification and the new ISO standards. But we 
need your help. Our diverse membership comes from 27 countries. We will rely on your 
input through chapters, workshops, symposia, webinars, surveys and the Measurable News 
to ensure maximum participation and consideration of all views as we work with PMI and 
ISO to develop the new standards over the next three years. Come to EVM World in Naples, 
Florida in June to help get this off to a great start!

http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=63582
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=69702
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=624837
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=624837
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ABSTRACT 

EXAMINATION OF THE THRESHOLD FOR
THE TO COMPLETE INDEXES
By Walt Lipke, PMI® Oklahoma City Chapter

From time to time in the Earned Value Management literature a claim is 
made that exceeding the To Complete Performance Index (TCPI) value of 
1.10 spells doom for the project. That is, when the threshold value of 1.10 is 
exceeded, the project is out of control and the project manager has little 
chance of successfully recovering to the desired project cost. An article 
from a few years ago examined the threshold theoretically, concluding 
that it appears to have validity. As well, the same article extended its 
assessment to the comparable Earned Schedule indicator, the To Complete 
Schedule Performance Index (TSPI). This paper examines the threshold 
value empirically for both TCPI and TSPI, using real data from 25 projects of 
differing type and varying sources.

INTRODUCTION
In the application of Earned Value Management (EVM), the To Complete Performance Index 
(TCPI) is an important cost performance indicator for project managers (PM) [Fleming, et al, 
2009]. What does TCPI tell us? The index value describes the cost performance efficiency 
required for the remainder of the project to achieve the desired final cost. The value of TCPI 
can have a very powerful influence on how a PM views the need or urgency for intervention 
and management action.

The indicator is defined as the work remaining to be accomplished divided by the amount 
of unspent funding [Project Management Institute, 2011]. The indicator is incredibly useful 
in that it can be evaluated using cost values different from the Budget at Completion. For 
simplicity in defining the mathematical formula, this “different” cost is termed the total cost 
desired (TC). Thus, the index formula is defined as follows:

 TCPI = (BAC – EV) / (TC – AC)

 where  BAC = Budget at Completion
   EV = Earned Value
   TC = Total Cost
   AC = Actual Cost

Historically, the TCPI value of 1.10 is regarded as a threshold to avoid exceeding if at all 
possible. Although empirical evidence has not been established, it is believed to be the 
point at which project performance is out of control; i.e., the probability of recovering to the 
desired total cost is extremely low. 

With the development of Earned Schedule (ES), a comparable indicator has been created for 
schedule performance management, the To Complete Schedule Performance Index (TSPI). 
The index value yields the schedule performance efficiency required for the remainder of 
the project to achieve the desired project duration. The TSPI indicator is defined in the time 
domain, similarly to TCPI. TSPI is equal to the portion of the planned duration remaining 
completion divided by the time duration available [PMI, 2011]: 

 TSPI = (PD – ES) / (TD – AT)

 where  PD = Planned Duration
  ES = Earned Schedule
  TD = Total Duration
  AT = Actual Time Duration
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Applying similar logic as that used for TCPI, the threshold value of 1.10 is the point at which, 
when exceeded, achieving the desired project duration (TD) becomes virtually impossible.

PREVIOUS RESEARCH
The TCPI has been examined in a theoretical sense as to its behavior when the value approaches 
and then exceeds the value of 1.10 [Lipke, 2009]. Figure 1 provides a graphical illustration.1 As the 
project progresses to completion, with the Cost Performance Index (CPI)2 constant at the value 
of 0.85, TCPI begins to increase gradually until its value is 1.10. From that point, TCPI is observed 
to become markedly larger for small increases in project fraction complete.3

The rate of increase (RI) of TCPI with respect to fraction complete was subsequently evaluated 
for this example using calculus. The RI was evaluated when TCPI = 1.10 and observed to be 
a moderate value (1.024). Then RI was computed at a fraction complete greater by only 4.4 
percent. The RI was alarmingly larger (1.479). The calculations were then repeated, increasing 
fraction complete by another five percent; RI became much larger (2.500). Certainly, the 
probability of successfully achieving the desired project cost becomes extremely low when 
the cost efficiency required is 1.149 and is increasing at the rate of 250 percent.

The conclusion from the research analysis was “…the TCPI value of 1.10 is a reasonable 
criterion for determining when a project is not recoverable (to its desired cost) and is ‘out of 
control’” [Lipke, 2009]. Because the formulation and behavior of TSPI is analogous to TCPI, it 
was likewise concluded that exceeding the TSPI value of 1.10 indicates the project most likely 
cannot achieve its desired duration.

Figure 1. Behavior of the To Complete Performance Index

Beyond establishing the value of 1.10 as a reasonable threshold for TCPI and TSPI, this 
research described how the “to complete” indexes could be used to determine the period of 
opportunity for project recovery. As an example, let us assume we are managing the project 
whose performance is portrayed in figure 1. At 30 percent complete, TCPI equals 0.937 and 
does not cause management alarm. Yet, from the low value of CPI, we know if the poor cost 
efficiency continues TCPI is likely to increase and approach the threshold. Using a derived 
expression, the TCPI formula can be applied to determine the percent complete when the 
threshold value is reached, assuming no management intervention.4 For our example, this 
occurs at 72 percent complete. Thus, with very little effort, it has been determined that we 
have the next 42 percent of project achievement to effect corrective actions and render a 
successful outcome, i.e., the period of opportunity.

EVALUATION METHODOLOGY
Data Description. EVM data from twenty five projects was used to evaluate the validity of 
the TCPI and TSPI threshold value, 1.10. The project data comes from three sources and is 
highly varied: four projects are information technology; twelve come from high technology 
product development; nine are construction type projects. The projects range in duration 
from a few months to several years. There is no indication in the data of reserves for cost or 
duration. A significant data characteristic is the projects have not undergone re-planning. 
The use of projects void of re-planning enables a cleaner, less encumbered evaluation of the 
study results, by not having to account for the disturbance.

 
1 - Figure 1 is taken from [Lipke, 2009].
2 - CPI is defined as EV divided by AC  

[PMI, 2011].
3 - Project fraction complete is equal to  

EV divided by BAC.
4 - By dividing the numerator and 

denominator by BAC, TCPI can 
be expressed in terms of fraction 
complete and CPI [Lipke, 2009].
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5 - Reserve amounts are computed in 

relation to BAC for cost and PD for 
duration.

6 - A complete description of the terms 
“test statistic” and “significance 
level” is available in mathematics 
books of statistics [Crowe, et al, 
1960].

TCPI and TSPI Values for Evaluation. For each of the 25 projects, TCPI and TSPI are 
calculated at each of their respective status points. To evaluate the effect of reserves, the 
calculations were repeated for reserve amounts of 5, 10, and 15 percent.5 The project cost and 
duration outcomes for each reserve scenario are classified as one of three possibilities: over, 
at, or under in relation to their respective allocations. These outcomes are then used to select 
TCPI and TSPI values needed for testing by segregating performance into two areas, those 
that satisfy the completion requirements and those that do not:

1. For projects that do not complete within their cost or duration (to include reserves), the 
first TCPI or TSPI value exceeding 1.10 was recorded. The condition to identify the “first 
value” is the first after the project has completed, at minimum, 20 percent of the BAC or 
PD, as appropriate.  

2. For those projects completing at, or within, their cost or duration (including reserves), 
the largest value for TCPI or TSPI was recorded. Just as for the delinquent projects, the 
values recorded are identified after the project is at least 20 percent complete.

The rationale for the two groupings is readily explainable. If exceeding the value of 1.10 
correlates to a delinquent project, then the first instance is sufficient for the analysis. For the 
non-delinquent projects, the largest value provides information concerning whether projects 
can be recovered when the threshold is exceeded. 

The recorded values of TCPI and TSPI along with their associated cost and duration outcomes 
for the 25 projects are then examined through statistical hypothesis testing [Crowe, et al, 1960].

Hypothesis Tests. Four hypothesis tests are performed, two each for TCPI and TSPI. The 
tests are performed for each of the four reserve percentages (0, 5, 10, 15). Thus, each index 
is evaluated from the results of eight tests. The hypothesis test method used is the Sign 
Test [NIST, 2015]. The test is made for the null hypothesis, identified as Ho. When there is 
insufficient statistical evidence to support Ho, the test result is the alternate hypothesis, Ha.

The four hypothesis tests used to evaluate the threshold are defined, as follows:

1. For projects having TCPI ≤ 1.10, identify those over budget
 Ho: Completion within budget is unlikely
 Ha: Completion within budget is likely

2. For projects having TCPI > 1.10, identify those on or under budget
 Ho: Cost recovery is possible
 Ha: Cost recovery is unlikely

3. For projects having TSPI ≤ 1.10, identify those completing late
 Ho: On-time/early delivery is unlikely
 Ha: On-time/early delivery is likely

4. For projects having TSPI > 1.10, identify those completing on-time or early
 Ho: Duration recovery is possible
 Ha: Duration recovery is unlikely

For each of the four tests, the test statistic is computed and compared to a significance level 
(α) equal to 0.05.6 When the test statistic value is less than or equal to 0.05, there is enough 
evidence to reject the null hypothesis. The test statistic for the Sign Test is computed using 
the binomial distribution. The computed value is the probability of a specific number of 
successes occurring from a number of trials, each having the probability of success equal to 
0.5. The number of trials is determined from applying the index condition stated in the test 
definition; while from the projects identified, the successes counted are those having the 
stated performance outcome.

ANALYSIS AND TEST RESULTS
The effect of reserves is readily seen in the project outcomes. As reserves are increased, the 
number of projects meeting or exceeding performance expectations increases. Table 1 is a 
compilation of the impact of the various reserve amounts.



12 The Measurable News     2016.01    |    mycpm.org

Table 1. Cost and Schedule Outcomes

Of course having reserves increases the likelihood of successful project completion. In 
addition to this expectation, the table illustrates the impact of reserves on the calculation of 
the test statistic for hypothesis test evaluation. For example, consider hypothesis test 1. Only 
those projects meeting the requirement TCPI ≤ 1.10 are subject to the testing (the number 
of trials). Of those the number completed exceeding the desired cost are counted and used 
in the calculation (the number of successes). Thus, for the example, it is apparent that the 
numbers used in the test statistic calculation are less than the total number of projects. The 
point to be understood from the foregoing discussion is that it is possible the selection 
process may cause sample size to be very small. When this occurs, the hypothesis test result 
becomes questionable.

Table 2. Example of Hypothesis Test

An example of hypothesis tests 3 and 4 is shown in Table 2. Columns 3 and 6 have the 
heading “E, O, L” and identify the outcome for each project. The legend at the bottom of 
the table defines the letters: E = Early, O = On-Time, L = Late. The TSPI threshold evaluation 
is for the scenario with reserve equal to 10 percent. Columns 2, 3, and 4 depict test 3, while 
columns 5, 6, and 7 are for test 4. Identical data is used for both tests; thus column 2 is the 
same as column 5, and column 6 replicates column 3. The difference in the two tests is the 
evaluation made in the two Sign columns. 
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For test 3 the projects having TSPI ≤ 1.10 are evaluated:
 “+” is assigned when “L” is observed
 “-” is assigned when “O” or “E” is observed
 “0” is assigned for those projects not satisfying TSPI ≤ 1.10 

Test 4 evaluates those projects having TSPI > 1.10:
 “+” is assigned when “O” or “E” is observed
 “-” is assigned when “L” is observed
 “0” is assigned for those projects not satisfying TSPI > 1.10

From the assigned symbols (+, -, 0) the test statistic may be calculated: 
 R+ = the number of projects with “+”
 N = total number of projects
 n = number of projects with “0”
 S+ = test statistic value
	 α = level of significance

As shown in table 2, the alternate hypothesis, Ha, is the test result for both test 3 and test 
4. The test statistic value, S+, is less than the value for α (0.05): test 3, S+ = 0.00195 < 0.05; 
test 4, S+ = 0.01064 < 0.05. For this circumstance, S+ less than α, there is enough evidence to 
reject the null hypothesis. Thus, for test 3, Ha indicates on-time delivery is likely when TSPI ≤ 
1.10. The Ha result for test 4 indicates that recovery to the desired project duration is unlikely 
when TSPI > 1.10.

The hypothesis test results for the four reserve scenarios are compiled and provided in tables 
3 and 4. Table 3 contains the eight results from testing the TCPI threshold. The result from 
each of the TCPI hypothesis tests (1 and 2), regardless of scenario, is Ha:

Test 1) When TCPI ≤ 1.10 completion within the desired budget is likely

Test 2) When TCPI > 1.10 recovery to the desired budget is unlikely

Table 3. TCPI Threshold Hypothesis Test Results

The compiled results for the hypothesis tests (3 and 4) of the TSPI threshold are provided 
in table 4. As shown, each test result is Ha, with one exception. The one exception is the 
hypothesis test result for the projects with TSPI ≤ 1.10 and the scenario of zero reserves. For 
this test, the sample size was only three projects. For those three projects, none finished late; 
that is, all completed on-time or early. Because the sample size is so small, the test statistic 
(0.12500) is not truly representative of threshold performance. The observed outcomes from 
the three project sample indicate that when TSPI is maintained ≤ 1.10, on-time project delivery 
is an expectation; i.e., in essence the Ha result. Thus, the overall hypothesis test results for 
TSPI mirrors those for TCPI:

Test 3) When TSPI ≤ 1.10 on-time/early delivery is likely

Test 4) When TSPI > 1.10 recovery to the desired duration is unlikely

Table 4. TSPI Threshold Hypothesis Test Results 
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7 - The Earned Schedule website URL is  
     www.earnedschedule.com.

SUMMARY
The objective of this paper is to confirm/reject the findings of the previous research through 
empirical study. The previous research, a mathematical examination of the behavior of 
TCPI (and TSPI by logical extension), concluded that exceeding the value 1.10 has merit in 
identifying those projects with low probability of achieving the desired completion (cost/
duration). They may be regarded as irrecoverable.

The results of the hypothesis testing for both TCPI and TSPI, using real data from 25 projects, 
support the conclusion from the research cited. As well, for the four scenarios examined 
the results in tables 3 and 4 indicate the threshold value provides reliable management 
information, remaining independent from reserve amounts. Additionally, the parallel behavior 
of TCPI and TSPI was observed; thereby affirming the assertion made in the earlier research 
that the two indexes behave equivalently in their respective domains (cost and time). 

An unexpected significant finding emerged from the examination: 
When the To Complete Index (TCPI or TSPI) does not exceed 1.10 after 20 percent complete, 
the probability for a successful project is very high; i.e., the project can be expected to meet 
its desired outcome (cost or duration), including reserves.

CONCLUSION
With this empirical study confirming the previous mathematical study it is reasonably clear 
the value 1.10 is a reliable threshold for both TCPI and TSPI. When the threshold is exceeded 
after the project has achieved 20 percent completion, recovery is very unlikely. When the 
index value is equal to or less than the threshold, a successful project can be expected.

Confirming the threshold value adds credence to the period of opportunity analysis 
discussed in the previous research paper, and earlier in this paper, as well. Using the method, 
the project manager (PM) has the capability to identify performance problems early enough 
to make effective correction. The PM can, with high probability, assure successful project 
completion by maintaining index values at or below the threshold.

FINAL THOUGHTS
This empirical research has yielded additional confirming evidence for the TCPI and TSPI 
threshold value of 1.10. However, additional examination is welcomed. The Prediction Analysis 
Calculator is available from the Earned Schedule website7 to assist in the analysis. Although it 
is created for TSPI, the spreadsheet can be very easily adapted to TCPI.

Acknowledgment
Obtaining real data for studies, such as this one, is incredibly difficult. Companies regard 
their EVM data as proprietary; generally, there is fear that if released the data somehow will 
provide advantage to competitors. I feel very fortunate to have available the data from 25 
projects for this study. I am very appreciative to these gentlemen for generously sharing their 
data: Dr. Ofer Zwikael, Kym Henderson, and Dr. Mario Vanhoucke. Thank you.
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But for the talent and dedication of a couple of visionaries, EVMS would 
likely not have even occurred or continued as the core performance 
measurement methodology for program management. With the passing 
of one of these visionaries, Gen. Hans ‘Whitey’ Driessnack in 2006, I was 
reminded of how much he contributed to the development of the Cost/
Schedule Control System Criteria (C/SCSC), and his support from the 1970’s 
to his passing. I was also reminded of the visionary who actually created 
Earned Value and the need to document how and why it was created, 
how it morphed to the Air Force’s Cost/Schedule Planning and Control 
Specification (C/SPCS), and then to C/SCSC. This is the story of those 
original efforts – the provenance, as the antique collectors like to say, of 
today’s Earned Value Management System (EVMS).

Earned Value, as it was originally titled, was the creation of A. Ernest ‘Ernie’ Fitzgerald, a 
name well known inside the Beltway, but not so well known outside. Ernie was an Industrial 
Engineering graduate of the University of Alabama with an extensive knowledge of 
work measurement. He often stated that earned value is nothing more than classic work 
measurement. True, but it’s like saying water is nothing more than hydrogen and oxygen. The 
work measurement components are traditional, but the context is unique, and it was Ernie 
who defined that context. That said, what led to it?

National Asset programs, such as the Navy’s submarine-launched Polaris missile system, 
the Air Force’s Minuteman Intercontinental Ballistic Missile system, the Apollo lunar mission, 
and the B-2 stealth bomber, are unique. They face the most daunting challenges, draw 
the greatest talent, get the most attention (much in secret), and cost by far the most. 
Unfortunately, they also typically have the largest overruns. That was the case with the 
Polaris and Minuteman programs of the 1950’s and 60’s. 

The then-latest program management tool was the Program Evaluation and Review Technique 
(PERT). It was quite in vogue having been pioneered by Booz, Allen and Hamilton under a 
1957/58 study contract for the U. S. Navy titled Program Evaluation Research Task (Project 
PERT).1 While contributing some valuable new techniques, such as the critical path methodology, 
it was extremely burdensome because of the relatively modest computing power that was 
available at the time. As a result it was not always timely or reliable and was not widely used.

Around 1962, a joint Stanford/Navy team embarked on a project to expand PERT to include 
resources. Their thinking: if one could accurately simulate the logic of a project taking the 
form of a network, why not add resources into the network and manage both time and costs? 
The result was the introduction of PERT/Cost. It was ambitious in the extreme. Since neither 
the computer hardware nor the software programs of the time were available to properly 
support simple network scheduling, the addition of cost resources into the logic networks 
merely exacerbated the problem.2

The performance measurement baseline that was adopted for PERT/Cost was frequently 
updated estimates. The use of estimates was both the strength of PERT, and the weakness 
of PERT/Cost. There is a sharp distinction between the use of estimates, regardless of how 
detailed or often, and the use of a standards-based measurement baseline – the critical 
difference between PERT/Cost and Earned Value.

Recognizing that program performance measurement, and more importantly, Estimates 
at Completion (EACs), were not going to improve with the tools available, Ernie formed a 
consulting firm, Performance Technology Corporation (PTC), to address these and other 

HOW IT ALL BEGAN: THE CREATION OF EARNED 
VALUE AND THE EVOLUTION OF C/SPCS AND C/SCSC
By James B. Morin



16 The Measurable News     2016.01    |    mycpm.org

 
3 - PTC’s prime years were 1965 –1968.  

During that time, under contract 
to DoD, the PTC team not only 
created Earned Value, but also the 
Contractor Funds Requirement 
Estimate (CFRE)/Contract Funds 
Status Report (CFSR), Should Cost 
and Design to Cost.

4- EARNED VALUE SUMMARY GUIDE, 
(draft copy) with transmittal letter 
signed by A. E. Fitzgerald, submitted 
to LtCol E. 

5 - Earned Value General Specification 
and Checklist with transmittal letter 
signed by A. E. Fitzgerald, submitted 
to LtCol E. J. Mason, BSQL, Ballistic 
Systems Division, Norton Air Force 
Base, San Bernardino, California, 
March 21, 1965, in accordance with 
CCN #1 to Contract AF 04-(694)-
682. J. Mason, BSQL, Ballistic 
Systems Division, Norton Air Force 
Base, San Bernardino, California, 
February 28, 1965, in accordance 
with CCN #1 to Contract AF 04-
(694)-682.

6 - Author’s conversation with A. Ernest 
Fitzgerald, September 18, 2009.

7 - Cost/Schedule Planning and Control 
System (CSPCS) with attached 
specification, transmitted to AFSC 
Divisions and Centers by Herbert 
L. Repetti, Deputy Director of 
Procurement, 1 August 1966.

problems.3 One of its first products was the seminal Earned Value Summary Guide, submitted 
in draft on February 25th and in final on April 30, 1965, in partial fulfillment of a contract with 
the Ballistic Systems Division (BSD), Air Force Systems Command (AFSC). The draft and final 
version of the Guide4 contain a paragraph on page ix which states:

“Earned Value is a concept – the concept that an estimated value can be placed on all work 
to be performed, and once that work is accomplished that same estimated value can be 
considered to be “earned.” The utility of this concept as a management tool is that the 
summation of all earned values for work accomplished when compared to what was actually 
expended to perform the effort can provide management with a comprehensible, objective 
indicator of how the total effort or any identifiable segment is progressing.”

Shortly thereafter (March 21st) the first ‘criteria’ were presented to BSD. They consisted of 
11 specifications/criteria and a checklist of 57 items to be used in determining whether the 
contractor’s system was in compliance.5 These specifications were added to the contracts 
of the eight Minuteman Associate Contractors, one of the largest national asset programs in 
DoD’s history, and the implementation and validation of Earned Value began.

It is important to note that the early discussions of the Earned Value concept were based on 
the development of a specific system with well-defined characteristics; however, a survey of the 
aerospace and defense industry revealed that there was clear resistance to the implementation of 
a government-defined system. This, coupled with the fact that the contractors had long argued 
that their systems were the finest available to man, resulted in a rethinking of the approach.

The result was the so-called ‘spec’ or specification approach, wherein clearly defined criteria 
are established and the contractor’s systems are audited to the criteria. Alternatively, each 
contractor could perform a self-assessment, with a government team confirming the results 
of the assessment through validation steps. The industry had so overextended its marketing 
efforts with respect to their management systems that it was virtually impossible for them 
to rebut the ‘spec’ approach. And so was born an approach that has continued for over 
forty years, and has seen widespread use in other areas, such as Material Management and 
Accounting Systems (MMAS) and Estimating Systems.

Concurrent with the introduction of Earned Value on the Minuteman Program, the Air Force 
began to consider the application of Earned Value to other major programs. Dr. Marks, 
Assistant Secretary of the Air Force, asked PTC to draft criteria based on the Minuteman 
Earned Value specs. In the Fall of 1965, under Ernie’s supervision, Mert Tyrell and Dave 
Howard, with assistance from Phil Carter, drafted what became the C/SPCS criteria.6 It was 
then forwarded for review and comment by a committee established to consider alternatives 
as well as various Air Force Staff officers. The reviews and coordination were facilitated when 
Mr. Fitzgerald was appointed Air Force Deputy Assistant Secretary for Financial Management 
in late 1965, with Dave Howard becoming the second president of PTC. 

During this time the Air Force team and their consultants considered a number of 
recommendations from the industry and the military. One of the considerations was PERT/
Cost. A PERT Coordinating Committee within the Air Force made a valiant attempt to 
substitute the PERT/Cost methodology for the Minuteman Earned Value methodology. The 
critical test was the basis for measurement and the projection of the EAC’s. In the case of 
PERT/Cost the basis was frequently updated estimates, either by formula or individually 
at the work package level. Each month the baseline could be adjusted so that the sum of 
the actual costs and the estimate-to-complete would equal the original budget, masking 
overruns until the money ran out. It was the ultimate flexible baseline.

Earned Value, on the other hand, was based on standards derived from the subdivision of the 
contract, with change controls that limited any revision to the addition or deletion of specific 
work. It was a non-flexible baseline. The PERT/Cost methodology was rejected by the Air 
Force, and PERT/Cost gradually faded from the scene.

By mid-1966, it was clear that the Minuteman Earned Value approach would be the Air Force 
standard. The Minuteman Earned Value 11 criteria and 57 audit steps had been consolidated 
and restated into 35 criteria under the heading ‘Cost/Schedule Planning and Control 
Specification’ (C/SPCS). Of particular importance was the retention of the ‘spec’ approach 
that had been pioneered on the Minuteman program. Sufficient experience in this approach 
had been gathered by the Spring of 1966 to confirm its merits. C/SPCS was made official 
on August 1, 1966.7 Unlike Minuteman, C/SPCS was not placed on existing contracts; new 
contracts with C/SPCS as a requirement began to appear in 1968. As might be expected, 
there was some industry concern expressed as to whether the Minuteman Earned Value and 
C/SPCS criteria were the same, and assurances were provided that they were.8
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Recognizing that the earned value approach had merit beyond the Air Force, Dr. Robert N. 
Anthony, Assistant Secretary of Defense (Comptroller), decided that it would be worthwhile 
to expand the Air Force C/SPCS to a DoD-wide requirement. Accordingly, a joint-service team 
was appointed to determine how best to meet that objective. The result was the December 
22, 1967, issuance of Department of Defense Instruction (DoDI) 7000.2, Performance 
Measurement for Selected Acquisitions. This document did not contain criteria, specifications, 
or checklists; its purpose was to set the policy for performance measurement throughout DoD.

DoDI 7000,2 stated that the use of Cost/Schedule Control Systems Criteria (C/SCSC) was 
required, but did not define, describe or state the criteria; however, paragraph VI stated that 
a Guide for Performance Measurement would be distributed separately from the Instruction. 
A Coordination Draft of the Guide was published on June 28, 1968,9, but it was neither 
user-friendly nor definitive. It, in turn, was followed by the C/SCSC Joint Implementation 
Procedures, transmitted on September 10, 1970.10 Finally, a true C/SCSC Joint Implementation 
Guide, signed by each of the General officers of the appropriate commands, in the format 
most of us would recognize today, was published on January 27, 197211.

The long gestation period for C/SCSC did not have a noticeable impact on the original 
Minuteman Earned Value or USAF C/SPCS criteria or the validation process, but it did result 
in changes to key terms that resulted in practitioners and executives becoming confused, 
a condition that continues to the present day. It also resulted in implementation delay; 
contracts with C/SCSC as a requirement did not emerge until the early 1970’s.

The thirty-five criteria that were defined in the early 1970’s have led to the development 
of a number of improved techniques for the monitoring of project performance, the most 
important being the introduction of the Integrated Baseline Review (IBR) in 1994. It must 
be remembered that while performance measurement is the critical structural component 
of Earned Value, it was not created for that purpose alone. At the time (1965) Estimates at 
Completion (EAC’s) were notoriously inaccurate. Finding a solution to that problem was the 
primary objective of Earned Value and the reason for its support by first the Air Force and 
then the Department of Defense.

Throughout the development described above, there were some interesting and colorful 
attempts to simplify the systems demonstration/validation process. One of the most 
interesting was the clamor for a ‘Good Housekeeping Seal of Approval.’ During the early 
20th Century, a major periodical, Good Housekeeping, underwrote the testing of hundreds, 
perhaps thousands, of products that could be used in the average household. If the product 
was safe and performed as claimed it could get the ‘Good Housekeeping Seal of Approval.’ 
Good Housekeeping established such a reputation for quality testing that the term gained 
widespread use. So it wasn’t a big surprise when industry and suppliers of software started 
calling for a ‘Good Housekeeping Seal of Approval’ for C/SPCS and C/SCSC ‘products.’

The most energetic effort was that expended by IBM. They identified a market for software 
that would facilitate compliance as a worthwhile endeavor. The key was getting DoD to 
agree that if a company purchased and installed their software there would be an automatic 
approval of the contractor’s compliance with the spec. Towards that end IBM was willing to 
set up a test scenario wherein audit teams could test the software to prove that it worked, 
and from that was expected the ‘Seal of Approval.’  A significant lobbying effort was 
launched to obtain that objective.

For awhile there was evidence that the campaign was getting some traction, but in the end, 
senior executives at DoD made it clear that there would be no ‘Seal of Approval’ for any 
commercial product. The problem is that a ‘product approval’ approach would completely 
ignore the fact that compliance was not based on a software package, as an example, 
but was based on the combination of policies, procedures, systems, practices, and most 
important, meaningful use of the data that demonstrates effective implementation. That is as 
true today as it was 40 years ago.

The evolution of C/SCSC and subsequently EVMS, and the role of the men that ensured that 
they retained the original standards-based methodology, is beyond the scope of this article. 
Suffice to say that without the efforts of Larry Stone, Bob Kemps, Dick Garretson, Gary 
Christle, Wayne Abba, and, of course, Hans ‘Whitey’ Driessnack, along with those outside 
of the government, such as Gary Humphreys, and others too numerous to mention, we 
would not have a tool that, when effectively used by the customer and the contractors, can 
realistically solve the still lingering problem of inadequate and inaccurate EACs.
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EVMS – AFTER THE EVOLUTION:
THE LONG SLOW ROAD
By Gary C. Humphreys, CEO, Humphreys & Associates, Inc.

Jim Morin’s superb article in The Measurable News, 2009, Issue 4, recounted 
the development of earned value and its earlier names, C/SPCS followed 
by C/SCSC, or CS Squared. I would like to revisit the years following its 
transition from the Specification to the 35 Criteria and the DOD’s mandate 
that the three services contractually require its implementation on R&D (and 
later Production) type contracts. During those early implementation years 
of 1969-1971 I was the first US Army C/SCSC Team Director when slowly but 
steadily the requirement took hold.

Based on a cursory reading of the Air Force’s C/SPCS criteria and DoD’s C/SCSC criteria one 
could form the opinion that the transition should have been relatively straightforward. Why then 
did it take five years from the announcement of the planned development of C/SCSC1 until the 
first Tri-Service Letter of Validation was issued in 1971? As will be seen, when dealing with the 
prerogatives of the three military services of that era, plus the natural reluctance on the part of 
industry’s leaders, a great deal of determination, dedication, common sense, and sense of humor 
were required. That C/SCSC implementation was successful is a tribute to those who saw it 
through.

Those of us who were involved back then will recall that DOD established three Focal Points for 
C/SCSC, its contract application, contractor reviews, follow-up activities, and system surveillance. 
Initially, the Army’s was Larry Stone (my boss); the Navy’s, Dick Garretson; and, as Jim pointed 
out, the Air Force’s, Whitey Driessnack. The Air Force served as pathfinder in the early years, 
developing the only C/SCSC training course and conducting the first Contractor System Reviews.

In the late ‘60’s and into the ‘70’s, the only training was the four-week C/SCSC course 
conducted at the Air Force Institute of Technology (AFIT), Wright Patterson Air Force Base, 
Ohio. The course’s focal point was the Air Force Systems Command’s (AFSC) Cost Analysis 
Directorate and was conducted by two Ohio State instructors, Dan Schneid and Gerald 
(Jerry) Keyes, who slowly covered the 35 Criteria and the System Review Process. Then a 
systems description was provided to be critiqued based on the knowledge obtained from the 
detailed discussions of each criterion. 

The instructors played the roles of industry managers. We students interviewed them, reached 
conclusions about strengths and weaknesses, and conducted outbriefs as if we were debriefing 
a contractor. It was detailed but very important that the initial wave of team members 
understand what they should expect upon arrival at a contractor’s facility. A typical class had 
25-30 attendees, primarily Air Force plus a few Army, Defense Contract Audit Services (DCAS), 
and occasional Air Force Plant Representative Office (AFPRO), Naval Plant Representative 
Office (NAVPRO), and Army Plant Representative Office (APRO) representatives. Contractors 
were not able to attend until the mid-‘70’s when a maximum of two seats were made available. 
Attendee selection was made by AFSC’s Cost Analysis Directorate.

The course was scaled back to three weeks in 1972, consistent with the release of the first Tri-
Service version of the C/SCSC Joint Implementation Guide, a.k.a. the C/SCSC JIG. With the 
restructuring of the C/SCSC training course, the first Tri-Service C/SCSC Surveillance course 
was developed for DCAS, AFPRO, APRO, and NAVPRO representatives. It, too, was initially 
conducted at AFIT, spanning two weeks and offered approximately five to six times each year.

The C/SCSC training process, meant primarily for DOD representatives, was not only slow but 
also was one-sided in presenting an understanding of the Criteria, the Review Process, and 
did not always offer a consistent interpretation of the Criteria as applied to a contractor’s 
system. Adding to the problem, contractors had little, if any, voice in this relatively new 
contract requirement and its associated Cost Performance Report (CPR). 
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THE EARLY REVIEW PROCESS
Whitey Driessnack, an Air Force colonel at the time, led the AFSC Headquarters’ Cost Analysis 
Directorate (ACC). Under Col. Driessnack, the first review team staffed and conducted the 
Minuteman Program R&D System Review in 1968. Around the same time, the AFSC Directorate 
began scheduling all of its Air Force Program Contractor Reviews with Army and Navy 
representatives on the teams for on-the-job training, or OJT’s, as they were called.

The DOD Review Team’s composition was of particular interest in the first decade of Criteria 
applications. The Team Director could be assigned from only one of the three DC area’s 
Command Headquarters, depending on which branch had the program: AFSC, the Army 
Materiel Command (AMC), or the Navy Materiel Command (NAVMAT). The Team Chief was 
assigned from the procuring authority’s command or organization, such as the Air Force’s 
Space and Missile Systems Organization for missile and satellite programs, or the Army’s 
Munitions and Chemical Armament Command for Howitzers and missiles, etc. 

It was during those early years that I was assigned to Larry Stone’s Army Materiel Command, Cost 
and Economic Information Office (CEIO), and in 1970 became the first US Army Team Director, 
following participation on two Air Force reviews including the first Tri-Service, Tri-Program Review 
at Boeing, Seattle for the Air Force’s Airborne Early Warning and Control System (AWACS) and 
Minuteman Programs as well as the Navy’s Short Range Attack Missile (SRAM) Program.

At the time the Army was rapidly coming up to speed in C/SCSC. The original Army 
Pamphlet (AP) 37-2, Performance Measurement Cost/Schedule Control System Criteria 
[Implementation Guide], was published in February 1970. The page that serves as a Foreword 
contains a passage indicating how things were progressing (or not) at that time:

“The procedures contained herein provide a standard to be followed in conducting evaluation 
reviews and in-plant demonstration reviews of contractors’ cost/schedule control systems. 
The Criteria in the Pamphlet are the ones to be used, since the proposed DODI 7000.2 is not 
in agreement but will eventually be revised to agree.” (Emphasis is mine.)

Initially, the system review process involved a 12-month period entailing three scheduled events: 
an Implementation Visit (IV), a Readiness Review (RR), and a Demonstration Review (Demo). 
Approximately one month after contract award, the IV was conducted. The IV team generally 
consisted of the Team Director, a Team Chief, one or two representatives from the customer 
Program Office, and occasionally one or two from the local AFPRO, APRO, or NAVPRO Office, or 
from the local DCAS Office, the forerunner to the Defense Contract Management Agency (DCMA). 

The most common findings resulting from the IV were that the contractor was unfamiliar with 
the requirement, had no implementation plan or implementation team, and had not begun to 
draft a system description or had “borrowed” a copy from another division. The implementation 
process was also particularly slow as there was no software available to support baseline 
development, data accumulation, or reporting. The results of the IV were documented and a 
Readiness Review (RR) was then scheduled, usually three to four months later.

The RR typically spanned a week and, again, involved the Team Director, Team Chief, three 
to four Program representatives, one to two plant representatives, and occasionally a 
representative from the local Defense Contract Audit Agency (DCAA). The outcome of 
the RRs determined the scheduling of the Demonstration Review (or another RR). The 
Demonstration Review was later renamed the Validation Review and is now called the 
Compliance Review. A significant factor in the Demonstration Review’s schedule was Criteria 
acceptance by the customer’s Program Office and the respective agency’s patience with 
the contractor. Both the IV and the RR were replaced in the early ‘90’s with the Progress 
Assistance Visit, or PAV, to soften the impression that these early visits were too judgmental.

The Demo was a major event for both sides. Remember, this took place about 30-40 years 
ago when all was relatively new for both sides. It typically involved 20-25 DOD representatives 
and took place at the contractor’s facility over a 3-4 week period. It was not uncommon 
for the program being reviewed to incur a significant schedule slip because of the review’s 
preparation and undertaking---interviews, data traces, briefings, daily meetings, etc. Some 
might also recall that for the initial 40-50 Demonstration Reviews during the late 60’s and 70’s, 
the outcomes were grim. For every three demos, only one contractor passed. These one-sided 
outcomes led to the evolution of the 9-Man Committee, then the 15-Man Committee to focus 
on more intelligent system design and implementation approaches for R&D and production 
respectively. The members of these two committees were selected from the National Security 
Industrial Association’s (NSIA) Management System Subcommittee (MSS) to interface with the 
DOD’s Performance Measurement Joint Executive Group (PMJEG). 
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Most often, the success or failure of the Demo was based upon the decisions of the Team 
Director and Team Chief. This call was made even though the teams were composed of 
another 15-20 representatives of the procuring authority’s program, DCAS (or AFPRO, 
NAVPRO, etc.), DCAA, and various OJT participants, all of whom conducted the interviews, 
data traces, CPR and Contract Funds Status Report (CFSR) assessments, and the myriad 
of review activities. Because all of the review activities were conducted without the benefit 
of the automated tools we enjoy today, more time was needed in the contractor’s facility 
involving more participants on both sides manually conducting data traces.

It was also during these initial Air Force and Army Program C/SCSC Reviews that Criteria 
Acceptance was not always matter-of-fact — on either side — contractor or Government 
Program Office. For example, the Office of the Secretary of Defense found it necessary to 
issue the Navy a “Show Cause” letter regarding its resistance to contractually requiring 
the 35 Criteria on major acquisitions. Also, more than a couple of contractors successfully 
dragged-out implementation until the R&D phase was finished. 

To add another perspective in Criteria acceptance and continued compliant system 
operations, three contractors underwent Devalidations of their systems in the mid-to-late 
70’s following the outcomes of Subsequent Application Reviews, or SARs (shorter reviews 
undertaken to verify that a compliant system was being used properly on a subsequently 
awarded contract). It was principally because of the Devalidations of another five contractor 
systems during the 80’s that the contractors began initiatives to work together toward 
balancing the scales in Validation Reviews and SAR outcomes.

The early review process days did have their lighter moments. Examples of the unfamiliarity 
with the overall process and examples of the “first-time-syndrome” kept surfacing. The first 
Tri-Service Letter of Validation was to be drafted by one of the Air Force System Command 
Team Directors in 1971. Col. Driessnack told him to have the AFSC’s print shop, also located at 
Andrews Air Force Base, print the letter with three signature blocks: Two four-star Air Force 
and Army generals and the Navy’s Admiral. 

This first-time letter was to include the Navy’s, Army’s, and Air Force’s seals in the letterhead 
at the top. Five hundred sheets of the new stationery were printed and promptly rejected by 
the Navy as their seal was not placed to the far left at the top, the Army’s next, and the Air 
Force’s last. The now-informed Team Director undertook a second trip to the print shop, fully 
appreciative of the protocol, particularly when it involves service branch seniority, four-star 
generals, and an admiral.

On another occasion, also in the early 70’s, the first time ever Dollarized Responsibility 
Assignment Matrix, or RAM, was included as an attachment to the Demonstration Team’s 
report, which was recommending validation of the contractor’s system. No one on the Review 
Team, including the Team Chief and Team Director, had noticed that nearly one third of the 
dollar values on the RAM also contained an asterisk. A note at the bottom identified those 
control account dollars values as “PIDOMA.” The process in the 70’s to achieve actual system 
validation involved 10-12 layers of coordination within the lead command headquarters. At 
the two-star level, the command’s Controller noticed the acronym and asked if the PIDOMA 
were a classified portion of the project, since the many asterisked control accounts summed 
to nearly 20% of the program’s Contract Budget Base. 

It took many phone calls back through the procuring authority’s Program Office, to the 
contractor’s DCAS representatives’ office, to the contractor’s Program Control representative 
(the originator of the RAM and its strange notation) to learn what PIDOMA meant. The look 
on the two-star general’s face must have been interesting when the Team Director stood 
before him and explained that PIDOMA stood for “Pulled it directly out of my a.., ---Sir.” The 
Validation Letter was delayed for 4-5 months while the team returned to the contractor’s 
facility to undertake a very thorough Baseline Budget Trace.

THE FOLLOWING DECADES
Once the initial years passed, the concept of EVMS and its associated review and reporting 
requirements not only spread into other U.S. governmental agencies, but also traveled 
abroad into England, Europe, Australia, and Canada. Soon, the DOE, NASA, FAA, NOAA, NSA, 
and even the IRS were requiring compliance, conducting reviews, and approving contractors’ 
systems. The list of approved contractor systems indicates that over 225 U.S. contractors 
were validated between 1980 and 2000.2 
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Meanwhile, an unforeseen reaction to one of the main attributes of performance 
measurement data usage began to occur. Both contractor and government Program 
Managers began to subtly resist the earned value concept’s best feature: Early visibility 
to cost and schedule variances. A unique war cry was heard throughout the earned value 
community, “It tells us TOO soon!”

Enter the Gaming Techniques with Performance Measurement, its data, and customer 
briefings to the respective funding authorities, including Congressional Subcommittees. 
What was envisioned as needed—early cost and schedule visibility—soon was viewed by 
some Government Program Managers as “too soon to brief.” In short, the PMs needed to buy 
time---aka, keep the program alive. In 1980, Hugh Langford pointed out “The Five Masking 
Techniques” that temporarily produced favorable program cost and schedule EV data would 
be used to help to soften or disguise the exact status of a program.3 

The ultimate example in suppressing earned value data is still the Navy’s A-12 Program and 
the resultant Congressional Hearing, aired on C-Span, December 10, 1990. Nonetheless, the 
struggle to validate systems and properly use EV data to foster early program decisions 
continued well into the 90’s and some might say, “It still does.”

The basic principles of Performance Measurement still prevail since its early days, largely as a 
result of the stalwart, dedicated efforts of those who believed in the benefits of early visibility. 
Performance Measurement’s evolution into the EVMS of today involved not only many long 
hours of joint working sessions and restructuring, but also a wider range of U.S. Government 
agencies’ customers. The NSIA MSS became the National Defense Industrial Association 
(NDIA) Program Management Systems Committee (PMSC), today’s industry subject matter 
experts for EVMS. The 35 Criteria were scaled back to 32 Guidelines when industry (NDIA 
PMSC) proposed what is now the ANSI/EIA-748 Standard for Earned Value Management 
Systems in the mid-90s, and the Review Team structure requiring Team Directors and Team 
Chiefs slowly faded into obscurity. 

The transition years were exciting, exhausting and frustrating, but considering the promise 
of the new approach to performance measurement, well worth the effort. Sadly, a number of 
the original stalwarts have passed, such as Whitey, but when properly used by government 
and industry, the promise is still true even after more than 45 years.
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The Project Management Institute (PMI) has just released the Fourth Edition 
to their world standard on project management: A Guide to the Project 
Management Body of Knowledge, the PMBOK ® Guide. Many new features 
have been added to this massive document among them new coverage 
of an earned value metric called the “To-Complete Performance Index” 
or simply the TCPI. What is the TCPI and why is it important? This article 
describes its purpose and utility.

Whenever a project commits to the employment of earned value to help manage their effort, 
they are suddenly inundated with a windfall of performance metrics which are available in no 
other project management technique. New acronyms suddenly emerge: PV, EV, AC, SV, SPI, 
CV, CPI, BAC, EAC, TCPI, and on and on.1 While all of these performance indicators can have 
value to any project, two EVM metrics in particular are critical to projects. They are the “CPI” 
and the “TCPI.” 

The CPI (Cost Performance Index) tells us “what we have accomplished for what we have already 
spent.”  Did we stay within the budget, or did we overrun? By contrast, the TCPI (To-Complete 
Performance Index) focuses on future work: “what performance levels we must achieve on 
the remaining work in order to meet our financial commitment to management.”  While most 
practitioners of earned value understand the utility of the CPI, most have rarely ever used the 
TCPI. What a pity, for the TCPI when used in conjunction with the CPI provides a powerful set of 
tools in the management of a single project, a program, or a full portfolio of projects.

Earned Value Management (EVM)…the ten requirements.
As a general rule, whenever a project manager makes the decision to employ earned value in 
the management of a project, that choice ideally should be supported by management, the 
stakeholders at all levels. Stakeholders must want to know the full truth. The reason: EVM 
performance data can be available to everyone working the project: the functions, senior 
management, the paying customers, all parties who have a vested interest in the success 
of the project. As long as everyone has a rudimentary understanding of what the EVM data 
means, everyone connected to the project knows what everyone else is doing. Thus, it is 
imperative that there be a management buy-in whenever a project manager elects to employ 
EVM on a project.

The commitment to employing EVM requires both the compliance with certain basic 
requirements, and discipline on the part of everyone supporting the project. Based on 
our experience, we have listed below ten key requirements which must be met in order to 
successfully implement EVM. Some find these requirements overwhelming. See for yourself. 
These requirements are:

1. EVM requires that the project be fully understood, defined, and scoped to include 100% 
of the project effort. You need to know what constitutes 100% of the work in order to 
measure progress along the way. 

2. EVM requires that the defined scope be decomposed, broken down into major 
management tasks, which are selected as points of management control,2 then planned 
and scheduled down to the detailed work package level. 

3. EVM requires that an integrated and measurable project baseline be authorized, 
relating the scope of work directly to an achievable budget, then locked into a specific 
time-frame for performance measurement. It’s called: bottom-up planning. 

 
This article first appeared in the 
December 2008 issue of Crosstalk 
Magazine.

1 - All terms used in this article are 
consistent with the A Guide to 
the Project Management Body 
of Knowledge (PMBOK ® Guide), 
Fourth Edition, published 
in December 2008 by the 
Project Management Institute, 
Newtown Square, PA, USA. 
The terms are: Planned Value, 
Earned Value, Actual Costs, 
Schedule Variance, Schedule 
Performance Index, Cost 
Variance, Cost Performance 
Index, Budget at Completion, 
Estimate at  Completion, and 
To-Complete Performance 
Index.

2 - The points of management 
control are sometimes called 
project teams, subprojects, or 
Control Account Plans (CAPs) 
depending on the organization.

THE TWO MOST USEFUL EARNED VALUE METRICS:
THE CPI AND THE TCPI
By Quentin W. Fleming and Joel M. Koppelman, Primavera Systems, Inc.
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4. EVM requires that only authorized and budgeted work be accomplished. The effort 
being worked must be tightly controlled. Scope creep cannot be allowed. All changes 
must be managed, and not worked until specifically authorized by the project manager. 

5. EVM requires that physical performance be measured (the earned value) using 
previously defined schedule metrics.  

6. EVM requires that the values earned be related to the planned values to reflect 
performance against the project baseline. Earned value less the planned value 
represents a variance from the baseline plan. 

7. EVM requires that the actual costs being reported be consistent with the earned 
value being measured, to allow for an accurate portrayal of cost performance. The 
relationship of values earned to actual costs reflects the true cost performance. Earned 
value less actual costs provides cost performance. 

8. EVM requires that forecasts be made periodically (weekly, monthly) as to how much 
time, and how much money it will take to complete 100% of the project. 

9. EVM requires that a full disclosure of actual results be made to all persons who have a 
vested interest in the project. All stakeholders will receive the same actual performance 
results. Only one set of books is allowed. 

10. EVM requires that project management, in conjunction with management at all levels, 
and customer stakeholders, decide on the appropriate actions to be taken to stay 
within authorized project expectations.

These ten requirements are what is needed to successfully implement earned value on 
any project. To the authors, these requirements constitute nothing more than following 
fundamental project management best practices. 

Now let us discuss the two, in the opinion of the authors, most important earned value 
indicators: the Cost Performance Index (CPI) reflecting completed performance, and the To-
Complete Performance Index (TCPI) with a focus on the required future performance.

What is a CPI (Cost Performance Index), and how is it used?
The EVM Cost Performance Index (CPI) is a reflection of project cost efficiency. The CPI 
relates the physical work accomplished expressed in its budgeted value, against the actual 
costs incurred to accomplish the performed work. Budgets can be set with various monetary 
values, hours, deliverables, anything that can be measured. The issue: are we staying 
on target, under-running, or perhaps overrunning our costs? This concept is portrayed 
graphically in Figure 1.

Perfect cost performance would be defined as achieving a CPI of 1.0. For every dollar spent 
we would get an earned value equal to one dollar. Sometimes we do better, sometimes worse. 
This is a particularly critical metric to track for performance less than 1.0 is a reflection of 
excessive costs spent against budget. Initial overruns are typically non-recoverable. Think 
about it: in order to recover an overrun you must under-run future work. Rarely does this 
happen. The same conditions which may have caused the overrun in the first place are likely 
to occur again and again.

Sometimes the CPI will reflect values over 1.0, suggesting that an under-run of costs 
is occurring. Care must be taken when actuals reflect an under-run of costs to budget. 
Oftentimes this condition is simply the result of costs which are lagging, slow to be recorded 
in the organizational cost ledger. For example: we measure the earned value and give full 
credit, but the related costs are not reflected in the cost ledger. Reason: many/most of the 
project work may be performed by outside “purchased labor”, people who are not part of 
the internal labor system. Thus there can be a time mismatch between the earned value 
measured, and the actual payment of the purchased labor invoices. The payment of invoices 
generally takes more time than the recording of labor. 

Under runs of costs are rare. And if artificially caused by lagging actual costs, the positive 
results can hide or offset problems that need management attention. It takes organizational 
discipline to make sure that earned value credits match the actual costs.

Why is the CPI so important? Answer: because past performance can be used to accurately 
determine requirements for final performance, in order to meet financial goals. The 
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cumulative (from the beginning) CPI has been shown to stabilize from about the 20% 
completion point of project performance. Empirical scientific studies by the United Sates 
Department of Defense on 155 actual contracts has shown that at the 20% point of project 
completion, the final projected results will only change by plus or minus 10%.3 What a finding! 
What useful data.

In practical terms, one can immediately take the total authorized budget (BAC), divide it by 
the cumulative CPI and project the total costs of a project with an accuracy of plus or minus 
10%. If management doesn’t like the final cost projection, then corrective action can be taken 
to change the forecasted results. Few project management techniques give a comparable 

“early-warning” signal. This formula the BAC/Cumulative CPI = EAC can be used on the total 
project, or any sub-project, or integrated project teams to predict final results on their work.

The CPI metric can be used to track periodic results (monthly, weekly, daily), or the 
cumulative position to see the long-term performance trends.

What is a TCPI (To-Complete Performance Index), and how is it used?
Whereas the CPI is an indicator of past cost performance, the TCPI has its focus on future 
performance. At issue: what will it take to meet the goals set by management? The TCPI 
works in conjunction with the CPI, and is conceptually illustrated in Figure 2.

The CPI can be thought of as “sunk-costs”, whatever the results they cannot be altered. In the 
illustration shown, the cumulative CPI is at .75, for every dollar spent we only earned 75 cents 
of project work. If the project is exactly 50% complete, in order to stay within management’s 
budget, we must accomplish $1.25 for every dollar in the future. Will this likely happen? 
Questionable at best, but highly unlikely. Opportunities for improvements are illustrated by 
use of the TCPI.

The formula for the TCPI is: the [Work Remaining] (defined as total Budget less the earned 
value) divided by the [Funds Remaining]. Note in Figure 3 there are two scenarios for Funds 
Remaining.4 Funds remaining will focus initially on the authorized budget. Management will 
track performance against what it has authorized in the form of an official budget. However, 
once it becomes obvious that the budget is no longer achievable, the next question from 
management is: how much money will it cost to complete this job, called the estimate at 
completion (EAC). The project then stops work and makes a new forecast of what is needed 
to finish the job.

Preparing a new EAC forecast can get emotional. Unrealistic optimism sometimes takes over, 
at the expense of realism. It is not uncommon for projects, when making a new EAC forecast 
to assume that everything will suddenly go right, and that all project risks are behind them. 
Thus an initial EAC may be unrealistic, unachievable. “Piecemeal EACs” are often the norm, 
where the EAC projection goes up each month as actual performance is known.

Using Figure 2 as an example, would an EAC requiring a future TCPI of 1.25, or 1.10 be 
achievable? Probably not. More likely, a TCPI of 1.0 or .90 would be reasonable. But it is painful 
to admit the full value of an EAC, having just acknowledged that the BAC is no longer valid.

In Summary
Employing the EVM technique can present a project with data not available with any other 
management tool. And while each metric can be useful, the authors are of the opinion that 
the two metrics described above are particularly useful in the management of any project, or 
program, or a portfolio of projects.

About the authors
Quentin W. Fleming Is a management consultant specializing in earned value. He has been a consultant 
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ABSTRACT The To Complete Performance Index (TCPI) from Earned Value Management 
describes the performance efficiency required to achieve a cost objective. 
This paper discusses the common use of the index, examining and 
confirming the underlying basis. Beyond its usual application, the TCPI 
indicator has a significant role in transforming project performance to 
effect a project recovery. This virtually unknown aspect is discussed 
and illustrated. A discussion of the To Complete Schedule Performance 
Index (TSPI) from Earned Schedule is included to describe the parallelism 
between cost and schedule analysis.

Earned Value Management (EVM) with its emphasis on describing project performance 
numerically has provided a scientific method for project management. The application of 
EVM is a truly significant improvement to the practice, especially when differentiated from 
the gross estimation and intuitive impulses historically employed for assessing and reporting 
project status.

For those project managers (PM) and organizations applying EVM, data is available for 
analysis, thereby facilitating detailed understanding of the cost performance of the project 
from its beginning through to the present time. The most often used and understood 
indicator from EVM is the Cost Performance Index (CPI), defined as the ratio of the earned 
value (EV) accrued divided by the actual cost (AC); i.e., CPI = EV / AC [1]. CPI is a description 
of the efficiency of achieving the accomplishment with respect to the investment cost made.
A companion cost indicator, the focus of this paper, is the To Complete Performance Index 
(TCPI). The indicator is defined as the work remaining to be accomplished divided by the 
amount of unspent funding. The work remaining is calculated from the difference between 
the total project budget (Budget at Completion or BAC) and the EV accrued, whereas 
the funds remaining can be assessed in several different ways.  For simplicity, the funds 
remaining is calculated in relation to the total cost desired (TC). Thus, the index is defined as 
follows: TCPI = (BAC – EV) / (TC – AC) [1]. A common application of TCPI is the computation 
for when the desired final cost is the project budget. In this instance, TCPI = (BAC – EV) / 
(BAC – AC).

What does TCPI tell us? The index value describes the cost performance efficiency required 
for the remainder of the project to achieve the desired final cost. The value of TCPI can 
have a very powerful influence on how a PM views the need or urgency for intervention and 
management action.

With this understanding of TCPI, the remainder of the paper will address how the indicator 
is used in cost analysis and examine the validity of the premise. As will be realized in the 
discussion, the performance of the TCPI function has some unusual characteristics. The 
application of TCPI in project recovery is subsequently described revealing intriguing 
information useful to project managers.
 
EVALUATION OF EAC
Traditionally, TCPI is used by customers or oversight organizations to assess the 
reasonableness of an estimated final cost or Estimate at Completion (EAC). The EAC is 
included in the periodic project report made by the performing organization, generally 
prepared under the direction of the PM. For this application, TCPI = (BAC – EV) / (EAC – AC). 
The customer evaluates the EAC provided by the PM from the value of the TCPI computed. 
When TCPI is equal to or less than 1.00, there is confidence that the EAC can be achieved. 
Conversely, when TCPI is equal to or greater than 1.10 the project is considered to be “out 
of control;” the EAC is very likely unachievable. And, between the two declarative values, 

THE TO COMPLETE PERFORMANCE INDEX...
AN EXPANDED VIEW
By Walt Lipke, PMI® Oklahoma City Chapter
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1.00 and 1.10, the PM’s actions become ever more critical to project success. Management 
intervention to improve cost performance very probably will be required to achieve the EAC. 

Obviously, when TCPI ≤ 1.00 there is confidence that the EAC is achievable; it indicates the 
accomplishment efficiency can be less than needed for the project to complete within the 
estimate of final cost. However, it is not so clearly understood that the project is irrecoverable 
when TCPI > 1.10.

Evaluation of EAC 
 
 Traditionally, TCPI is used by customers or oversight organizations to assess the 
reasonableness of an estimated final cost or Estimate at Completion (EAC). The EAC is included 
in the periodic project report made by the performing organization, generally prepared under the 
direction of the PM. For this application, TCPI = (BAC – EV) / (EAC – AC). The customer 
evaluates the EAC provided by the PM from the value of the TCPI computed. When TCPI is 
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Figure 1. TCPI versus Fraction Complete 

 
From a cursory review of the EVM literature, there does not appear to be any theoretical 

or empirical studies to establish the criterion value for TCPI. However, by viewing Figure 1 we 
can gain an understanding as to why the value of 1.10 may have credence. Figure 1 graphically 
depicts the behavior of TCPI as the project moves toward completion for the condition of CPI  
1.00. For the purpose of discussion, CPI = 0.850 and is invariant throughout the period of 
performance; thus, it is known that the planned final cost (BAC) will not be achieved if this 
performance continues. 

As observed in Figure 1, with TC equal to BAC and CPI = 0.850, TCPI continually 
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approximately 0.35. The fraction complete for the project is defined to be EV divided by BAC. 
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From a cursory review of the EVM literature, there does not appear to be any theoretical or 
empirical studies to establish the criterion value for TCPI. However, by viewing Figure 1 we 
can gain an understanding as to why the value of 1.10 may have credence. Figure 1 graphically 
depicts the behavior of TCPI as the project moves toward completion for the condition of CPI 
< 1.00. For the purpose of discussion, CPI = 0.850 and is invariant throughout the period of 
performance; thus, it is known that the planned final cost (BAC) will not be achieved if this 
performance continues.

As observed in Figure 1, with TC equal to BAC and CPI = 0.850, TCPI continually increases 
as the project progresses, exceeding the threshold value of 1.10 at fraction complete of 
approximately 0.35. The fraction complete for the project is defined to be EV divided by 
BAC. Another observation is that the rate of TCPI increase becomes ever larger as fraction 
complete increases. From the project start to fraction complete equal 0.35, TCPI increased 
by 0.10; from that point, TCPI increases another 0.10 by the time the project is 50 percent 
complete.

FURTHER EXAMINATION
Another view of the threshold value for TCPI can be obtained from calculus. For this 
examination, the TCPI equation is algebraically transformed to the following:

 TCPI = (1 – EV%) / (CR – CPI-1 * EV%)

 where,     CR (Cost Ratio) = 1.0 (BAC/BAC) or EAC/BAC and EV% = EV/BAC

For simplicity of notation, let y = TCPI, x = EV%, a = CR, and b = CPI-1. Applying the 
substitutions, the TCPI equation above becomes: y = (1 – x) / (a – bx)2. The examination of the 
rate of increase can be made from the first calculus derivative, denoted as dy/dx. Performing 
the derivative, the equation for the rate of increase of TCPI with respect to fraction complete 
(EV%) is determined:

dy/dx = (b – a) / (a – bx)2

By applying the calculus equation, the rate of increase can be evaluated for poor cost 
performance. The point of interest is when TCPI equals the threshold value (1.10).  For the 
purpose of this examination, CPI-1 = 1.20 and CR = 1.10. These values have no special meaning 
other than they satisfy the condition that the cost performance will not achieve the cost 
objective. To evaluate the rate of increase for TCPI, the equation for y above is solved for x to 
obtain the fraction complete at which the threshold is exceeded. For the values assigned, the 
computation indicates this occurs when the fraction complete is equal to 0.656.
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of project fraction complete (EV%). These values are presented in Table 1. 
   Clearly, for modest increases in EV% (project fraction complete), it is seen from the 
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Having the value for the fraction complete, the rate of increase at that point can be evaluated. 
For comparison purposes, the rate of increase is then calculated for subsequent values of 
project fraction complete (EV%). These values are presented in Table 1.

Clearly, for modest increases in EV% (project fraction complete), it is seen from the numbers 
recorded in the table that dy/dx (i.e. the TCPI rate) has larger and larger rates of change. The 
message to all concerned from this analysis is, subsequent to exceeding the threshold, the 
project is very rapidly becoming “out of control.” Once the threshold is exceeded, there is 
little hope that management intervention can have positive impact. Thus from the discussion 
of Figure 1 and the calculus analysis presented here, it appears the threshold value of 1.10 for 
TCPI is reasonable for making the assertion that the EAC put forth by the PM in the project 
status report is unachievable.

APPLICATION TO PROJECT RECOVERY
Project Managers through the use of the CPI posses the capability to recognize problems 
early enough that actions may be taken to avert the foreseen cost overrun. By calculating the 
Independent Estimate at Completion (IEAC), PMs can forecast a final cost and have additional 
information for making the decision to take management action for project recovery.  

Most generally, the final cost forecast is calculated using the following formula: IEAC = BAC 
/ CPI. As an example, let’s use CPI equal to 0.850, the same value in Figure 1 above. With 
BAC = $1000, IEAC is computed to be equal to $1176. Obviously, the value indicates that 
if this performance continues, project completion within the planned cost will not occur. 
Additionally, let’s assume the Management Reserve (MR) is $100, making the Total Allocated 
Budget (TAB) equal to $1100. The TAB is defined to be the sum of BAC and MR [1]. The IEAC 
computed forecast of $1176 indicates that not only will the planned cost for the project be 
exceeded, but the reserves will be more than consumed; the project is headed for a cost 
overrun.
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Figure 2.  Evaluation of Opportunity for Project Recovery 

 
What is the PM’s prerogative when the project is 80 percent complete? By calculating 

TCPI using TAB as the desired final cost and graphing it as shown previously in Figure 1, the 
answer is readily seen. As observed from Figure 2, the value of TCPI is so large it is nearly off 
the chart; the computed value is 1.259. From our previous discussion, the PM knows that when 
TCPI  1.10 the project is regarded as irrecoverable and that additional funding is very likely 
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What is the PM’s prerogative when the project is 80 percent complete? By calculating TCPI 
using TAB as the desired final cost and graphing it as shown previously in Figure 1, the answer 
is readily seen. As observed from Figure 2, the value of TCPI is so large it is nearly off the chart; 
the computed value is 1.259. From our previous discussion, the PM knows that when TCPI > 1.10 
the project is regarded as irrecoverable and that additional funding is very likely needed. In this 
instance, as uncomfortable as it may be, negotiation with the customer cannot be avoided.
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Does the PM make the same decision when the project is 30 percent complete? The simple 
answer is ‘No.” At 30 percent complete, TCPI = 0.937, a good number, yet the PM knows if 
the current performance does not improve the project will overrun the funding available 
(TAB). With this value for TCPI, the PM has an opportunity to take action thereby avoiding 
the overrun and the embarrassment of the impending negotiation if he allows the cost 
performance to continue.

What is the period of opportunity for the PM to make a positive performance change? Again, 
the TCPI and the graph of Figure 2 provide this information. Viewing the graph, the PM has 
from the fraction complete equal to 0.30 until TCPI exceeds 1.10, which occurs when fraction 
complete is 0.72. For a project of reasonable size, having more than 40 percent of the period 
of performance to create and make an effective change, the PM has a very good chance for 
being successful with the recovery action.

EVALUATING THE RECOVERY STRATEGY
The TCPI has application, as well, in creating a viable recovery strategy. Involved in creating 
a strategy is developing a trade-off between cost and schedule performance to achieve 
the commitments to the customer. Generally, those commitments are the TAB and the 
negotiated delivery date. To resolve the condition of unsatisfactory cost performance, the PM 
creates a plan for transforming the cost performance from the present value of CPIa (actual 
value) to an improved efficiency, CPIs (strategy value).

TCPI plays a role in evaluating whether the change desired can realistically be achieved. For 
this purpose, the following formula for TCPI is used:

 TCPI = (1 – EV%) / (CPIs-1  – CPIa-1 * EV%)

As a rule of thumb, the envisioned performance change has a good likelihood of being 
achievable when the calculated value for TCPI is less than or equal to 1.00. That is, as 
discussed in the previous section on project recovery, the calculated value indicates whether 
there is sufficient opportunity for the improvement to succeed.

SCHEDULE ANALYSIS
The discussion in this paper has concentrated on cost management and control using EVM. 
With the advent of Earned Schedule [2], the To Complete Schedule Performance Index (TSPI) 
has been created. The TSPI is defined similarly to the TCPI; TSPI is equal to the planned 
duration for the work remaining divided by the duration available: 

 TSPI = (PD – ES) / (TD – AT),

 where  PD is the planned duration
  ES is the Earned Schedule
  TD is the total duration desired 
            – generally: PD, the negotiated duration (ND), or estimated duration (ED)
  AT is the actual time or duration at the time of computation    

All of the preceding description for applications of TCPI can be made analogously for TSPI. 
That is, the use of TSPI is available for schedule management and control in a parallel manner 
to cost and TCPI. Both indexes are needed to have complete capability for the cost–schedule 
performance trade-off necessary for project recovery [3].

SUMMARY
Hopefully by this point, the reader has gained an appreciation for the expanded use of TCPI. 
The index is definitely more than the simple calculation for determining the performance 
rate needed for the remaining work. As discussed in this paper, the TCPI has application in 
evaluating the realism of the bottom up derived EAC. Further, it was shown that the TCPI 
value of 1.10 is a reasonable criterion for determining when a project is not recoverable and is 

“out of control.” The use of the index was then extended to the evaluation of the opportunity 
and the performance transformation envisioned for project recovery. Although not discussed 
in this article, the TCPI may also be used in creating the tactical changes of personnel and 
overtime adjustments [3].  Certainly, the TCPI has much to offer to the project manager in 
his efforts for controlling and managing the project. Finally, through Earned Schedule the 
methods described for TCPI are made applicable to schedule analysis, as well.
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