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Abstract. Thedevelopment of the Earned Schedule (ES) methodpkg In 2003 has been shown to
be an important extension to the Earned Value Managnt (EVM) method, increasing the utility of
EVM data for project schedule analysis, control anrsight. As ES provides a reliable time-based
indicator of Schedule Performance, the objectivahid paper is to investigate whether the SPI(t)
exhibited similar stability characteristics to treoextensively reported for the Cost Performancexnd
(CPI) in EVM. This paper analyzes EVM data fromethdifferent countries for projects in three
industry segments. 37 projects were examined fi(t)SRability and 26 for CPI stability. It has bee
found that while the behavior of SPI(t) is broadignsistent with CPI, the widely reported CPI
stability rule cannot be generalized even withie tiS Defense Department (US DoD) project
portfolio. Further research is required to developproved understanding of project performance
characteristics and the behavior of CPI and the(§PI

Introduction

The cancellation of the US Navy's A-12 Avenger tkath aircraft program in January 1991 [1] [2]
resulted in research during the 1990s, which ingatd the reliability of Earned Value Management
(EVM) cost prediction and the behavior of the CBstformance Index (CPf)using US Defense
Department (US DoD) projeétdata. These research findings have come to bededjas generally
applicable across all project types using EVM asnoslltiple industry sectors. A finding regarded as
particularly significant was that CPI stabilizes 2326 of project completion.

Lipke proposed the ES method in 2003 to provideetinpased measures of schedule performance
utilizing EVM data. Initial validation has shownaththe time based ES derived Schedule Performance
Index (time) (SPI(t)) to be reliable for both eaalyd late finish projects. For a technical desmpof

the ES method the reader is referred to Lipke'sisainpaper, “Schedule is Different” [3]. For an
excellent easy to read non-technical but compreverdiscussion of the ES method, refer to “Not
Your Fathers Earned Value” [4] by Stratton.

Following the initial validation of ES, interest d#oped in ascertaining whether SPI(t) exhibited
similar stability characteristics to those exterBivreported for CPI. The objective of this reséarc
paper is to reexamine CPI stability and to complaeestability behavior of the SPI(t) with CPI.

This paper has found that while the behavior of $iRd(t) is broadly consistent with CPI, the widely
reported CPI stability rule cannot be generalizedhlt projects utilizing the EVM method or even
within the US DoD project portfolio. However, thernsistent behavior to CPI demonstrated by SPI(t)
provides further support for the validity of thel@Pmetric and the ES method.

*  The contents of this paper are the author’'s pemnal views and conclusions which do not
reflect an endorsed position of the PMI College dPerformance Management.
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Additional analysis was unable to establish a datien between achieving earlier CPI and SPI(t)
stability and improved outcomes at completion. ént&in cases where projects achieved either under
budget and/or early finish outcomes with cost andfhedule stability achieved late, earlier cost
and/or schedule stability would have been disadgetdus to the actual final outcome(s) achieved.
This is because CPI and/or SPI(t) progressivelyavgd over the life of those projects.

This paper also demonstrates that by utilizingieSearch of schedule performance using EVM data is
now possible, and leading to improved understandinifpe dynamics of project schedule and project
cost performance.

Background

The CPI has long been a key indicator used to aaalye cost performance of projects using Earned
Value Management (EVM).

The first empiric confirmation of the widely repedt and referenced CPI stability rule was by
Christensen and Payne using data from 26 US Aicd~oompleted contracts in 1992. The data used
came from the cost library of the US Air Force 8ys¢ Command Aeronautical Systems Division [5].

Christensen and Templin conveniently summarizedstrees of research findings subsequent to that
paper in 2002:

. the range of the cumulative CPI from the 20 petrceompletion point to contract
completion was less than 0.20 for every contralis Tesult is usually interpreted to mean that
the cumulative CPI does not change by more thas @iuminus 0.10 from its value at the 20
percent completion point, and is used to evaluée reasonableness of projected cost
efficiencies on future work. [6]

Christensen and Payne [5] made the following oladEms on the perceived importance of CPI

stability:
- A stable CPI is evidence that the contractor's mament control systems, particularly the

planning, budgeting, and accounting systems, aretifuning properly.

A stable CPI may thus indicate that the contragtestimated final costs of the authorized

work, termed "Estimated at Completion," are rekabl

In addition, knowing that the CPI is stable mayphtile analyst evaluate the capability of a

contractor to recover from a cost overrun by conmmgathe CPI with other key indicators, such

as the To-Complete Performance Index.

Over time, the widely reported CPI stability fingsnhave been generalized as being applicable to all
projects utilizing the EVM method [8] [9] [10] [11An extensive literature review has not found
further empiric validation of the CPI stability eubeyond the project data obtained in the initedqy

and data from the US DoD Defense Acquisition Exgeusummary (DAES) database.

Concurrent research into the stability charactegsvf the EVM Schedule Performance Index (SPI)
was not possible because the SPI is known to $adl statistical predictor because it always rettons
unity at project completion irrespective of duratioased delay. The SPI is also recognized asdailin
nominally within the final third of the project aradso fails after the project’s Planned Duratios ha
been exceeded.
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Lipke proposed the ES method in 2003 as a solutiothese limitations and flaws of the EVM
schedule indicators [3]. A series of studies plediinitial validation of the ES method, some byngs
real EVM project data, Henderson [12] [13] [14] avidndevoorde and Vanhoucke [15] and also by
using simulated network schedules, Vanhoucke anud®eoorde [16]. The time based ES derived
SPI(t) has been shown to be reliable for both eamly late finish projects. The SPI(t) only reveds
unity at project completion if on time completioashbeen achieved.

A research study intended to validate the ES cocistising DAES data was commissioned in 2004
and undertaken by a US Air Force Institute of Tetbgy Masters student. Unfortunately, this study
was discontinued after an independent review detehn

Results: The historical data collection proceduoesthe DOD and USAF do not allow for
sufficient testing of ES theory at this time. Atstcal evaluation concluded that SPI(t) is
different than SPI($); however, the two variables &ighly correlated. The result of the
analysis identified that SPI(t) performs similatdySPI($) with the data contained in the DAES
database. In order for the ES Theory to be fuljestigated, additional data must be collected.
This research shows that the necessary data maynals be available despite the best
collection efforts. The original schedule and pkghnduration information is critical to
successful evaluation of the ES methodology. [1]

However, early interest by the Project Managemaestitute College of Performance Management
resulted in the principles of ES being includedams “Emerging Practice Insert” in the Practice
Standard for Earned Value Management publishe@d4 2[18]

Following the initial validation of ES, interest\ddoped in ascertaining whether the SPI(t) exhtbite
similar stability characteristics to those exteaBivreported for the Cost Performance Index. The
objective of this research paper is to reexaminst ®erformance Index stability and to compare the
stability behavior of the SPI(t) with CPI.

Method for Evaluating Stability

EVM project data was loaded into a Microsoft Ext&tiability Point Calculator” developed by Lipke.
The calculator determines the observation numbersequence of CPI and SPI(t) values at which all
subsequent observations are within a defined dtabimit. The stability limit used is .10. The
calculator enables the associated percentage ctangtlerhich stability occurs to be determined.

This calculator has been placed into the public @iomo encourage more broadly based CPI and
SPI(t) stability research and is freely availableronf the ES website at
http://www.earnedschedule.com/Calculator.shtml

To determine the significance of the observatiohstability for both CPl and SPI(t), statistical
hypothesis testing is conducted. The test apjdigte Sign Test at 0.05 level of significarici9].
The Sign Test was used in this research becausged not depend upon the data having a normal
distribution. In past research, the hypothesis testhod chosen implied that the data was normally
distributed; however, the normality of the data was$ established. Research by Lipke also suggests
that:
Results indicate the logarithm data representatiohsthe indexes are likely normally
distributed, whereas the distributions for CPI,,&d CV are not. [20]
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The question to answer regarding stability is “@de stated generally and reliably that the fwelle
of the performance index is within 0.10 of its \@alwhen the project is 20 percent complete?” The
answer to the question will be “yes” if the altamhypothesis is satisfied:

H1(CPI): [CPI(final) — CPI(20%)| < 0.10
H2 (SPI(Y): |SPI(t)(final) — SPI(t)(20%)] < 0.10

Two separate hypothesis tests are conducted, er@Fband one for the SPI(t). The result from the
hypothesis testing is recorded as Ha when the \@&ldlee test statistic is in the critical region(Q®)
and Ho (null hypothesis) when it is not.

The Data

A composite EVM data set was assembled comprisingneercial sector data samples obtained from:
24 United Kingdom (UK) construction projects
12 Israeli High Technology (Hi-Tech) projects
9 Australian Information Technology (IT) projects.

The EVM data consists of direct labor costs onlghwine:
UK construction projects recorded in “person daygekly with EVM values expressed as a
percentage of the Budget at Complete to furthentasi data anonymity,
Israeli Hi-Tech projects recorded in United Statelars monthly, and
Australian IT projects recorded in Australian dadlaveekly.

An extensive review of the data was undertakenePt® were excluded from the sample for a variety
of reasons including:

Lack of data integrity,

Lack of Earned Value data at 20% of project comgtet

Partially incomplete Planned Value data, and

Lack of required Actual Cost data.

Ten UK Construction projects are included in thd €@bility research sample. Five of these project
were included although the final Actual Cost datailable was between 96.7%, to 99.0% complete.
Including those five projects is consistent witle thpproach adopted by Christensen and Payne’s
research [5] and assumes that the difference batWddFrinal and the latest available CPI has no
material impact on the findings.

The outcome was a usable data sample of
Twelve Israeli Hi-Tech projects for the SPI(t) aDBI stability research
Twenty UK construction projects for the SPI(t) sliédpand ten for CPI stability research
Five Australian IT projects for the SPI(t) stalyiland four for CPI stability research.

Stability Evaluation Results

The results of the Sign Tests for testing the hypsis “can it be stated generally and reliably that
final value of the performance index is within 0.@0 its value when the project is 20 percent
complete?” as previously described are tabulatedahle 1 below. Recall, the test result of Ha
indicates stability of the performance indicatodl @nd the SPI(t). As is shown, the test resutisndit
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have any test statistic in the critical region §).0As a result, none of the null hypotheses can be
rejected, for any of the three samples as welhasbmposite of all samples. This means that #tabil
was not achieved for either CPI or the SPI(t) leytime the project was 20 percent complete.

**kkk CP| Stability #***** k% SP|(1) Stability *****

Test Statistic  Test Result Test Statistic  Test Result
UK Construction 0.623 Ho 0.748 Ho
Australian IT 1.000 Ho 0.500 Ho
Israeli Hi Tech 0.806 Ho 0.613 Ho
Composite 0.916 Ho 0.629 Ho

Table 1. Hypothesis Test Results

This research does not support the previously eatesd generalizations that the CPI stability rae h

universal applicability for all projects utilizinghe EVM method. Because the SPI(t) index
demonstrates a similar lack of stability to thaturfd for CPI, the validity of the SPI(t) metric is

supported due to the consistent behavior demoastraith CP1.

Stability Achieved UK Australian Israeli HI Composite
Construction IT Tech
SPI()cum | 20% 3 0 1 4
> 20% 17 5 11 33
CPI cum | 20% 2 0 1 3
> 20% 8 4 11 23

Table 2: Summary of Stability Achievement Relate@®% Completion

Table 2 summarizes the raw data in relation tantimabers of projects that achieved stability befare
after 20% completion for the SPI(t) and CPI by eputject set and for the composite of all. It can b
seen that the majority of projects reach stabditly after the 20% completion point.

Figure 1 summarizes within each 10 percent compbeteentile band where CPIl and the SPI(t)
stability occurred. This figure shows:

- The wide variability in the achievement of staliliior both CPI and the SPI(t). Project
performance heuristics or “rules of thumb” intendedbe generally applicable (e.g. the CPI
stability rule) require an empirically establisheshsistency of behavior across a broad range
of projects. These findings are a significant impeght to proposing and confirming broadly
applicable CPI and SPI(t) stability heuristics
That stability is usually achieved very late in themject lifecycle, often later than 80%
complete for projects in these samples.
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Total Projects Within Each Stability Percentile Ban  d
(3 Data Samples Aggregated)
7
6
5
4 -
3
2
il
0 ] 0-10% 10-20% 20-30% 30-40% 40-50% 50-60% 60-70% 70-80% 80-90% | 90-100%
UK Construction 1 2 2 3 2 2 1 3 4
Australian IT 1 1 3
Israeli HI Tech 1 1 2 2 1 2
O SPI(t) Stability Totals 1 3 3 3 5 3 6 6
UK Construction 1 1 2 3
Australian IT 1 3
Israeli HI Tech 1 1 2 2 1 3
| CPI Stability Totals 1 2 1 2 2 1 2 6 6

Figure 1: Total Projects CPI and SPI(t) Stabilititth Each 10 Percentile Band

Zwikael et al. analyzed the Israeli hi-tech project sample usigyal inspection of charts and
suggested that CPI stability was, on average, aetliat the 60% completion point [21]. That analysis
broadly confirms this paper’s finding of CPI statyibeing achieved much later in the project lifiecy
than previously reported.

Additional Analysis

Following the lack of CPI and SPI(t) stability finds additional analysis was conducted. Within each
10% complete percentile bands projects were categbas follows:

Cost at completion:

0 Under or On Budget (UOB)

o Over Budget (OvB).

Schedule at completion:

o Early or On Time finish (EOT)

0 Late Finish (LF).

The purpose of this analysis is to determine ifdéhis a correlation between achieving earlier Gl a
the SPI(t) stability and improved project outcomes.
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Figure 2 summarizes the analysis for CPI and Figudoes the same for the SPI(t). With the data
samples utilized, achievement of earlier stabilgynot correlated with improved final cost and/or

schedule outcomes.

Project Completion Categories by CPI Stability Band s
(3 Data Samples Aggregated)

0 UOB [OvB UOB‘OVB UOB [OvB UOB‘OVB UOB‘OVB UOB‘OVB uoB|owe |uos|ows [uos [owe [uoB|owB

0-10% 10-20% 20-30% 30-40% | 40-50% 50-60% 60-70% 70-80% 80-90% | 90-100%

Israeli HI Tech 1 1 2 2 1 2 3
Australian IT 1 1
UK Construction 1 1 1 1 2 1
| Totals 1 2 2 1 1 2 5 2

Figure 2: Project Completion Categories by CPI BtaliBand

For UOB and EOT projects where cost and scheduabilsy was achieved late (after say 60%
completion) achieving earlier stability would habeen disadvantageous to the final outcome(s)

achieved because project performance progressimgisoved over the life of those projects.
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Project Completion Categories by SPI(t) Stability B ands
(3 Data Samples Aggregated)

6

5

4

3

2 B S B S

1 1| I S B S B S .

0 EOT |LF |EOT|LF |EOT |LF |EOT|LF |EOT LF |EOT |[LF |EOT |LF |EOT|LF |EOT|LF |[EOT |LF

0-10% 10-20% 20-30% 30-40% 40-50% 50-60% 60-70% 70-80% 80-90% | 90-100%
Israeli HI Tech 1 1 2 2 1 3 1 1
Australian IT 1 1 2 1
UK Construction| 1 2 2 1
o Totals 1 2 1 3 3 1 4 2 1 1 2 4 2

Figure 3: Project Completion Categories by SPl@bgity Band

Figure 4 summarizes projects (with the required marative data), which achieved SPI(t) or CPI
stability first. Achieving SPI(t) stability firstmplies schedule management had a higher management
priority, achieving CPI stability first implies cosianagement had the higher priority.

In the Australian IT projects sample, SPI(t) st&pilvas achieved first for the preponderance of
projects. For the other data samples the achievienfecost or schedule stability first occurred in
roughly equal proportion. In only one project iresle samples, an Australian IT project was the cost
and schedule stability achieved simultaneously.
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Summary of Projects Achieving
SPI(t) or CPI Stability First
16
14 -
12
10 -
8 |
6
4
2
0 1
UK Construction Australian IT Israeli Hi Tech All Data
@ SPI(t) First 5 3 7 15
| CPI First 5 0 5 10
O Simultaneous 0 1 0 1

Figure 4: Summary of Projects Achieving SPI(t) &t Gtability First

Corroboration with Other Research

Because of the comprehensive contradiction to trevigusly published CPI stability research
findings, a further literature review was undertak€his review obtained a most unexpected source of
independent corroboration for this paper’'s CPIliitghdindings. In the mid 1990s Mr. Michael Popp
initiated an internal US DoD research project witthie US Naval Air Command (NAVAIR).

The output was an internal but unclassified NAVA#Dort (the Popp report) which has, with Mr.
Popp’s permission, now been placed into the puddimain on the PMI Sydney Chapter website. [22]
The purpose of the Popp study was to develop pilidyadistributions of cost Estimates at Complete
(EACs) based on the CPI at complete, current CHl @ercentage complete of projects based on
history. As stated in the report:

Given a program has a CPI of X and a percent campleY, what is the most likely finishing
CPI. [22]

In contrast to Christensen and associates reseahith used data from the DAES database, the data
used by Popp was sourced from the Contracts Aalygstem (CAS) database maintained by the
Office of the Secretary of Defense Cost Analysipriovement Group (CAIG).

The research undertaken by Popp did not focus dnst@Bility. However, charts which can also be
used for assessing CPI stability were completeghas of that study. These charts correlate the
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cumulative CPI for the percentage complete in €% complete percentile band to the GRi for
all projects in that sample.

Figure 5 is the first chart of interest from theppaeport, as it shows the correlation between the
cumulative CPI at 10-20% complete and the CPI FHoradll projects in the sample.

All

CORRELATION BETWEEN CUMULATIVE CPI
AT 10-20% COMPLETE AND FINAL CPI
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FNLCPIXLS Chart 10-20 9119/96

Figure 5: Correlation between Cumulative CPI a0 Complete and Final CPI (Popp)

The area of the chart enclosed within the dashess Ibounds the area in which the correlation plots
must occur for the Christensen derived CPI statilite to apply. Those plots which occur outside th
enclosed area are also in conflict with the Chnis¢s derived CPI stability rule. The limited data
samples used in this analysis are sufficient toastimt the CPI stability rule cannot be generalized
even within the US DoD project portfolio.

While research by Colemaet. al.[23] using the Popp report data sample was notjpally directed
at examining the validity of the CPI stability rulds research found that for:

Development programs “at 20% (completion) , programith a cumulative CPI below 0.89
improve” which was “close to Christensen, (findipgst with some exceptions”

Production programs “at 20% (completion), prograwith a cumulative CPI below 0.84
improve, again “close to Christensen, (findingsf) With some exceptions”.
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Figure 6: Correlation between Cumulative CPIl aB0@ Complete and Final CPI (Popp)

Using the “enclosure” technique, Figure 6 shows tha preponderance of plots, occur within the area
where the CPI stability rule applies at 20% comgietThe conclusion is that for the US DoD project
data used by Popp, CPI stability was also achiseggllate in the project lifecycle, often as late78-
80% completion. This finding is consistent with tla¢e CPI stability findings for the commercial
sector project samples as shown in Figure 1.

While the underlying data was not available andhier research is required, these findings also
conflict with the US DoD research findings quotadhe Beach report into the A-12 cancellation that:

DOD experience in more than 400 programs since 18dicates without exception that the
cum CPI does not significantly improve during thexipd between 15% and 85% of contract
performance; in fact, it tends to decline. [1]

Some projects in the Popp sample show a trend bp@formance improvement, from CRbs and in
a smaller number of cases, as late ass@fto CPIFinal.
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Summary and Conclusions

The initial objective of this paper, ascertainindnather the SPI(t) demonstrates similar stability
characteristics to those extensively reported et Was not achievedhis paper has found that while
the behavior of the SPI(t) is broadly consisterthv@PI, the widely reported CPI stability rule cahn
be generalized to all projects using the EVM metboaven within the US DoD project portfolio.
However, the consistent behavior to CPI demonstrhtethe SPI(t) provides further support for the
validity of the SPI(t) metric and the ES method.

Additional analysis was unable to establish a datien between achieving earlier CPI and the SPI(t)
stability and improved outcomes at completion. &ses where projects achieved either under budget
and/or early finish outcomes with cost and/or scihedtability achieved late (ie. after say 60%
completion), earlier cost and/or schedule stabilibuld have been disadvantageous to the actudl fina
outcome(s) achieved. This is because CPl and/oB®ié) were progressively improving over the life
of those projects.

The findings and corroboration of this paper reggiignificant review and revision to what has been
regarded as a long settled EVM heuristic with rdgarCPI stability and consequent practice inclgdin
the use of a stable CPI as evidence that an EVNesyss functioning properly and of a “reliable”
EAC. [5]

Improvements to current EVM techniques for predigtiuture cost performance should be considered
as current techniques have relied on generalizeggarch findings from limited data sources,
principally the DAES database.

Alternatives methods of cost and schedule predictising well-established statistical principles and
methods developed by Lipke show promise as:
- These techniques allow generation of a range of and schedule predictions from user
defined Confidence Limit(s)
All information and data required for these preidics comes from within the project itself.
This may reduce the current dependence on hesrideeeloped from external project data
sources, which might not be applicable to the mtapé interest.

To promote trials of these statistical predictiechniques, a Microsoft Excel “Statistical Predintio
Calculator” is also freely available from the ES bsite at
http://www.earnedschedule.com/Calculator.shtAh academic paper fully describing the statistica
prediction techniques and the supporting rationalépending publication” as at $2September 2007
[24]. The statistical prediction techniques develbphave been summarized in a presentation by
Henderson [25] which is available on the website.

A major advance to EVM practice and future reseawpbortunities would be development of a
broadly based EVM research database where complE¥éd project data could be submitted
anonymously for:

Research purposes

Benchmarking completed project performance

Assisting in the sizing of projects.

Such knowledge bases are not unique in other dilse§) with an instructive Australian example being
the International Software Benchmarking Standanasuf® (ISBSG), website attp://www.isbsg.org/
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Improved data collection techniques to ensure Hzseline schedule information is captured and
stored in the DAES database are also recommended.

Concluding Remarks and Future Research

While this paper has overturned long-standing figdiand belief on CPI stability, it is importanath
the strengths and limitations of the EVM method@aperly understood, particularly in an era of:
- Adoption of EVM by US Government agencies througffid® of Management Budget
Circular A-11 Part 7 mandate
Advocacy of the use of EVM cost predictors to assgsnpliance to the Sarbanes Oxley Act
[9]
Increased interest and the adoption of EVM by omgdions globally.

Where projects have not exhibited “CPI stability/l practitioners can now know that this is neither
unique, nor is it necessarily an adverse refleabiothe management or execution of those projects.

Various follow-on research opportunities arise frdms paper, which may develop improved
understanding of project performance charactesigtitd generalisable heuristics. Suggestions include
examining the performance characteristics of ptejedere:
The CPI stability rule does seem applicable (éng.subset highlighted in the Popp report data)
to determine whether there are project charadesiathich result in early CPI stability
Early CPI stability was not achieved due to progiredy improving CPI performance over the
project lifecycle.

Academically oriented research aimed at establishirtheoretical rationale for project performance
instability would be another useful addition to fireject management body of knowledge.

While Colemaret. al.[23] provide the sobering assessment that comsigtiéh Christensen’s findings
“average to good programs do not improve”, an wtdading of project characteristics, which result
in progressively improving CPI would, if these daeristics could be emulated in other programs, be
an extremely useful advance to practice. Such relseeould offer significant opportunities for
tangibly improving project performance.

Research opportunities are equally applicable tmept schedule performance. This paper also
demonstrates that by using ES, research of sche@ufermance using EVM data is possible and
already leading to improved understanding of theadtyics of project schedule and project cost
performance.
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Notes
1. Unless otherwise stated, all references to CPltlaa&PI(t) refer to the cumulative values.
2. “Project” has been used consistently throughowt plaiper. In US Government, particularly the
US DoD context, “program” may be the more apprdpriarm.
3. Applying the Sign Test at 0.05 level of significanmeans that the test is being applied at a
95% level of confidence
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