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IntroductionsIntroductions

�� Workshop Administration Workshop Administration 

�� IntroductionsIntroductions
�� Who are we ?Who are we ?

�� Why are we here ?Why are we here ?

�� What are our expectations ? andWhat are our expectations ? and

�� What are we hoping to gain from this What are we hoping to gain from this 
Workshop ? Workshop ? 
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Earned Schedule Workshop Earned Schedule Workshop 

ObjectiveObjective

To provide you the knowledge and To provide you the knowledge and 

tools necessary to enable you to tools necessary to enable you to 

apply Earned Value and apply Earned Value and Earned Earned 

ScheduleSchedule in your own project in your own project 

management practicemanagement practice

… should … should youyou decide to do so decide to do so 
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Earned Schedule TrainingEarned Schedule Training

Basic (Session 1)Basic (Session 1)

�� EVM Schedule IndicatorsEVM Schedule Indicators

�� Introduction to Earned ScheduleIntroduction to Earned Schedule

�� Concept & MetricsConcept & Metrics

�� IndicatorsIndicators

�� PredictorsPredictors

�� TerminologyTerminology
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Earned Schedule Training Earned Schedule Training 

Basic (Session 1)Basic (Session 1)

�� Application of Concept Application of Concept 
�� Analysis & VerificationAnalysis & Verification

�� Prediction ComparisonsPrediction Comparisons

�� Exercise Exercise –– Calculate ES, Calculate ES, SV(tSV(t), ), SPI(tSPI(t))

�� Status UpdateStatus Update
�� ApplicationsApplications

�� PMIPMI--CPM Earned Value Practice StandardCPM Earned Value Practice Standard

�� ES WebsiteES Website
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Earned Schedule TrainingEarned Schedule Training

Basic (Session 1)Basic (Session 1)

�� Analysis Tool DemonstrationAnalysis Tool Demonstration

�� ReRe--Baseline EffectsBaseline Effects

�� Critical Path StudyCritical Path Study

�� DiscussionDiscussion

�� Wrap Up Wrap Up –– ES BasicES Basic
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Earned Schedule TrainingEarned Schedule Training

Advanced (Session 2)Advanced (Session 2)

�� Interpolation ErrorInterpolation Error

�� Network Schedule AnalysisNetwork Schedule Analysis

�� Impediments / ConstraintsImpediments / Constraints

�� ReworkRework

�� EV ResearchEV Research

�� Schedule AdherenceSchedule Adherence
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Earned Schedule TrainingEarned Schedule Training

Advanced (Session 2)Advanced (Session 2)

�� Effective Earned ValueEffective Earned Value
�� DerivationDerivation

�� IndicatorsIndicators

�� PredictionPrediction

�� Statistical PredictionStatistical Prediction
�� Statistical Process ControlStatistical Process Control

�� Planning for RiskPlanning for Risk

�� Performance Indication & AnalysisPerformance Indication & Analysis

�� Outcome PredictionOutcome Prediction

�� Summary Summary -- AdvancedAdvanced
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Earned Schedule TrainingEarned Schedule Training

Advanced (Session 2)Advanced (Session 2)

�� Statistical PredictionStatistical Prediction
�� Statistical Process ControlStatistical Process Control

�� Planning for RiskPlanning for Risk

�� Performance Indication & AnalysisPerformance Indication & Analysis

�� Outcome PredictionOutcome Prediction

�� Summary Summary -- AdvancedAdvanced

�� Quiz & DiscussionQuiz & Discussion

�� Wrap UpWrap Up
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Earned Schedule TrainingEarned Schedule Training

BasicBasic
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Earned Value ManagementEarned Value Management

Schedule IndicatorsSchedule Indicators
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EVM Schedule IndicatorsEVM Schedule Indicators
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EVM Schedule IndicatorsEVM Schedule Indicators

�� SV & SPI behave erratically for projects SV & SPI behave erratically for projects 
behind schedulebehind schedule
�� SPI improves and concludes at 1.00 at end of SPI improves and concludes at 1.00 at end of 
projectproject

�� SV improves and concludes at $0 variance at SV improves and concludes at $0 variance at 
end of projectend of project

�� Schedule indicators lose predictive ability Schedule indicators lose predictive ability 
over the last third of the projectover the last third of the project
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EVM Schedule IndicatorsEVM Schedule Indicators

�� Why does this happen?Why does this happen?

�� SV = BCWP SV = BCWP –– BCWSBCWS

�� SPI = BCWP / BCWSSPI = BCWP / BCWS

�� At planned completion BCWS = BACAt planned completion BCWS = BAC

�� At actual completion BCWP = BACAt actual completion BCWP = BAC

�� When actual > planned completionWhen actual > planned completion

�� SV = BAC SV = BAC –– BAC = $000BAC = $000

�� SPI = BAC / BAC = 1.00SPI = BAC / BAC = 1.00

Regardless of lateness !!Regardless of lateness !!
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Introduction to Introduction to 

Earned ScheduleEarned Schedule
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Earned Schedule ConceptEarned Schedule Concept
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Earned Schedule MetricsEarned Schedule Metrics
�� Required measuresRequired measures

�� Performance Management BaselinePerformance Management Baseline (PMB) (PMB) ––
the time phased planned values (BCWS) from the time phased planned values (BCWS) from 
project start to completionproject start to completion

�� Earned ValueEarned Value (BCWP) (BCWP) –– the planned value the planned value 
which has been “earned” which has been “earned” 

�� Actual TimeActual Time (AT) (AT) -- the actual time duration the actual time duration 
from the project beginning to the time at from the project beginning to the time at 
which project status is assessedwhich project status is assessed

�� All measures available from EVMAll measures available from EVM
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Earned Schedule MetricsEarned Schedule Metrics
�� ESEScumcum is the:is the:

Number of completed BCWS time increments BCWP exceeds + the Number of completed BCWS time increments BCWP exceeds + the 

fraction of the incomplete BCWS incrementfraction of the incomplete BCWS increment

�� ESEScumcum = C + I= C + I where:where:

C = number of time increments for BCWP C = number of time increments for BCWP ≥≥ BCWSBCWS

I = (BCWP I = (BCWP –– BCWSBCWSCC) / (BCWS) / (BCWSC+1C+1 –– BCWSBCWSCC))

�� ESperiod(n) = EScum(n) ESperiod(n) = EScum(n) –– EScum(nEScum(n--1) = 1) = ∆∆ESEScumcum

�� ATcum ATcum 

�� ATperiod(n) = ATcum(n) ATperiod(n) = ATcum(n) –– ATcum(nATcum(n--1) = 1) = ∆∆ATATcumcum

∆∆ATATcumcum is normally equal to 1is normally equal to 1
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Earned Schedule IndicatorsEarned Schedule Indicators

�� Schedule Variance: SV(t)Schedule Variance: SV(t)

�� Cumulative: Cumulative: SV(t) = ESSV(t) = EScumcum –– ATATcumcum

�� Period: Period: ∆∆SV(t) = SV(t) = ∆∆ ESEScumcum –– ∆∆ ATATcumcum

�� Schedule Performance Index: Schedule Performance Index: SPI(t)SPI(t)

�� Cumulative: Cumulative: SPI(t) = ESSPI(t) = EScumcum / AT/ ATcumcum

�� Period: Period: ∆∆SPI(t) = SPI(t) = ∆∆ESEScumcum / / ∆∆ATATcumcum
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Earned Schedule IndicatorsEarned Schedule Indicators

�� What happens to the ES indicators, SV(t) & What happens to the ES indicators, SV(t) & 

SPI(t), when the planned project duration (PD) SPI(t), when the planned project duration (PD) 

is exceeded (BCWS = BAC)?is exceeded (BCWS = BAC)?

They Still Work …They Still Work …CorrectlyCorrectly!!!!

�� ES will be ES will be ≤≤≤≤≤≤≤≤ PD, while AT > PDPD, while AT > PD

�� SV(t) will be negative (time behind schedule)SV(t) will be negative (time behind schedule)

�� SPI(t) will be < 1.00SPI(t) will be < 1.00

Reliable Values from Start to Finish !!Reliable Values from Start to Finish !!
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SV ComparisonSV Comparison
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SPI ComparisonSPI Comparison
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Earned Schedule PredictorsEarned Schedule Predictors

�� Can the project be completed as planned?Can the project be completed as planned?
�� TSPI = Plan Remaining / Time RemainingTSPI = Plan Remaining / Time Remaining

= (PD = (PD –– ES) / (PD ES) / (PD –– AT)AT)
where (PD where (PD –– ES) = PDWRES) = PDWR

PDWR = Planned Duration for Work RemainingPDWR = Planned Duration for Work Remaining

�� TSPI = (PD TSPI = (PD –– ES) / (ED ES) / (ED –– AT)AT)
where ED = Estimated Durationwhere ED = Estimated Duration

Not AchievableNot Achievable>> 1.101.10

AchievableAchievable≤≤ 1.001.00

Predicted OutcomeTSPI Value
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Earned Schedule PredictorsEarned Schedule Predictors

�� Long time goal of EVM …Long time goal of EVM …Prediction of total Prediction of total 
project duration from present schedule statusproject duration from present schedule status

�� Independent Estimate at Completion (time)Independent Estimate at Completion (time)

�� IEAC(t) = PD / SPI(t)IEAC(t) = PD / SPI(t)

�� IEAC(t) = AT + (PD IEAC(t) = AT + (PD –– ES) / PF(t)ES) / PF(t)
where PF(t) is the Performance Factor (time)where PF(t) is the Performance Factor (time)

�� Analogous to IEAC used to predict final costAnalogous to IEAC used to predict final cost

�� Independent Estimated Completion Date (IECD)Independent Estimated Completion Date (IECD)

�� IECD = Start Date + IEAC(t)IECD = Start Date + IEAC(t)
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Earned Schedule TerminologyEarned Schedule Terminology

Earned ScheduleEVM

To Complete Schedule 
Performance Index (TSPI)

To Complete Performance 
Index (TCPI)

Independent EAC (time)
IEAC(t) (customer)

Independent EAC 
(IEAC) (customer)

Estimate at Completion (time) 
EAC(t) (supplier)

Estimate at Completion 
(EAC) (supplier)Prediction

Variance at Completion (time) 
VAC(t)

Variance at Completion (VAC)

Estimate to Complete (time) ETC(t)Estimate to Complete (ETC)Work

Planned Duration for Work 
Remaining (PDWR)

Budgeted Cost for Work 
Remaining (BCWR)Future 

SPI(t)SPI

SV(t)SV

Actual Time (AT)Actual Costs (AC)Status

Earned Schedule (ES)Earned Value (EV)

Earned ScheduleEVM

To Complete Schedule 
Performance Index (TSPI)

To Complete Performance 
Index (TCPI)

Independent EAC (time)
IEAC(t) (customer)

Independent EAC 
(IEAC) (customer)

Estimate at Completion (time) 
EAC(t) (supplier)

Estimate at Completion 
(EAC) (supplier)Prediction

Variance at Completion (time) 
VAC(t)

Variance at Completion (VAC)

Estimate to Complete (time) ETC(t)Estimate to Complete (ETC)Work

Planned Duration for Work 
Remaining (PDWR)

Budgeted Cost for Work 
Remaining (BCWR)Future 

SPI(t)SPI

SV(t)SV

Actual Time (AT)Actual Costs (AC)Status

Earned Schedule (ES)Earned Value (EV)



ProMAC 2006 26ProMAC 2006 26thth Sep 2006 Sep 2006 
Copyright © 2006Copyright © 2006

Lipke and HendersonLipke and Henderson 2626

Earned Schedule TerminologyEarned Schedule Terminology

at Completion (time)

Independent Estimate

Performance Index

To Complete Schedule

Schedule Performance 
Index

Schedule Variance

Actual Time

Earned Schedule

IEAC(t) = AT + (PD – ES) / PF

IEAC(t) = PD / SPI(t)IEAC(t)Predictors

TSPI(t) = (PD – ES) / (ED – AT)

TSPI(t) = (PD – ES) / (PD – AT)TSPI(t)

SPI(t) = ES / ATSPI(t)Indicators

SV(t) = ES - ATSV(t)

AT = number of periods executedATcum

ES = C + I    number of complete 
periods (C) plus an incomplete 
portion (I)

EScum
Metrics

at Completion (time)

Independent Estimate

Performance Index

To Complete Schedule

Schedule Performance 
Index

Schedule Variance

Actual Time

Earned Schedule

IEAC(t) = AT + (PD – ES) / PF(t)

IEAC(t) = PD / SPI(t)IEAC(t)Predictors

TSPI(t) = (PD – ES) / (ED – AT)

TSPI(t) = (PD – ES) / (PD – AT)TSPI(t)

SPI(t) = ES / ATSPI(t)Indicators

SV(t) = ES - ATSV(t)

AT = number of periods executedATcum

ES = C + I    number of complete 
periods (C) plus an incomplete 
portion (I)

EScum
Metrics
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Earned Schedule Key PointsEarned Schedule Key Points

�� ES Indicators constructed to behave in an ES Indicators constructed to behave in an 
analogous manner to the EVM Cost Indicators, analogous manner to the EVM Cost Indicators, 
CV and CPICV and CPI

�� SV(t) and SPI(t)SV(t) and SPI(t)
�� NotNot constrained by BCWS calculation referenceconstrained by BCWS calculation reference

�� Provide Provide durationduration based measures of schedule based measures of schedule 
performanceperformance

�� Valid for entire project, including early and late finishValid for entire project, including early and late finish

�� Facilitates integrated Cost/Schedule Facilitates integrated Cost/Schedule 
ManagementManagement (using EVM with ES)(using EVM with ES)
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Application of ConceptApplication of Concept
(Using Real Project Data)(Using Real Project Data)
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ES Applied to Real Project Data:ES Applied to Real Project Data:
Late Finish Project: SV($) and SV(t)Late Finish Project: SV($) and SV(t)

Commercial IT Infrastructure Expansion Project Phas e 1 
Cost and Schedule Variances

at Project Projection: Week Starting 15th July xx
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ES Applied to Real Project Data:ES Applied to Real Project Data:
Late Finish Project AnalysisLate Finish Project Analysis

�� No EVM data prior to week 11No EVM data prior to week 11

�� SV($) and SV(t) show strong correlation until week 19 SV($) and SV(t) show strong correlation until week 19 
�� Week 20 (The week of the project’s scheduled completion) Week 20 (The week of the project’s scheduled completion) 

Client delay halted project progress until resolution in Week 26Client delay halted project progress until resolution in Week 26

�� SV($) static at SV($) static at --$17,500$17,500in spite of schedule delayin spite of schedule delay
�� Before trending to $0 at project completionBefore trending to $0 at project completion

�� SV(t) correctly calculates and displaysSV(t) correctly calculates and displays
�� Week on week schedule delayWeek on week schedule delay
�� Project Project --14 week schedule delay at completion14 week schedule delay at completion

�� ConclusionConclusion
�� SV(t) provides greater management utility than SV($) SV(t) provides greater management utility than SV($) 

for portraying and analyzing schedule performancefor portraying and analyzing schedule performance
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Early Finish Project: Early Finish Project: 
SV($) and SV(t)SV($) and SV(t)

Commerical IT Infrastructure Expansion Project: Pha ses 2 & 3 Combined
Cost and Schedule Variances

as at Project Completion: Week Starting 9th October  xx
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Early Finish Project AnalysisEarly Finish Project Analysis

�� This project completed 3 weeks ahead of scheduleThis project completed 3 weeks ahead of schedule

�� In spite of externally imposed delay between weeks 16 and 19In spite of externally imposed delay between weeks 16 and 19

�� SV($) and SV(t) show strong correlation over life of projectSV($) and SV(t) show strong correlation over life of project

�� Including the delay periodIncluding the delay period

�� SV(t)’s advantage is calculating delay as a measure of SV(t)’s advantage is calculating delay as a measure of 
durationduration

�� With Early Finish projectsWith Early Finish projects

�� ES metrics SV(t) and SPI(t) have behaved consistently with ES metrics SV(t) and SPI(t) have behaved consistently with 
their historic EVM counterparts  their historic EVM counterparts  

�� ConclusionConclusion
�� SV(t) provides greater management utility than SV($) SV(t) provides greater management utility than SV($) 

for portraying and analyzing schedule performancefor portraying and analyzing schedule performance
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Prediction ComparisonsPrediction Comparisons
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�� Calculation of IEAC(t): short formCalculation of IEAC(t): short form

IEAC(t) = Planned Duration / SPI(t)IEAC(t) = Planned Duration / SPI(t)

�� Planned Duration for Work RemainingPlanned Duration for Work Remaining

PDWR = Planned Duration PDWR = Planned Duration –– Earned Schedule cumEarned Schedule cum

�� Analogous to the EVM BCWR Analogous to the EVM BCWR 

�� Calculation of IEAC(t): long formCalculation of IEAC(t): long form

PDWRPDWR
IEAC(t) = Actual Time  +IEAC(t) = Actual Time  +

Performance FactorPerformance Factor

““Further Developments” Further Developments” 
in Earned Schedulein Earned Schedule

Schedule Duration PredictionSchedule Duration Prediction
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IEAC(t) Prediction ComparisonIEAC(t) Prediction Comparison

Early and Late Finish Project ExamplesEarly and Late Finish Project Examples

�� In both examples, the In both examples, the pre ESpre ES predictors (predictors (in redin red) ) failfail to correctly to correctly 
calculate the Actual Duration at Completion!calculate the Actual Duration at Completion!

�� The ES predictor, SPI(t) alone The ES predictor, SPI(t) alone correctlycorrectly calculates the Actual calculates the Actual 
Duration at Completion in both casesDuration at Completion in both cases

Planned Duration (weeks) 25
Actual Time (weeks) 22

Percentage Complete cum 100%
CPI cum 2.08

SPI(t) cum 1.14
SPI($) cum 1.17

Critical Ratio cum 2.43
IEAC(t) PD/SPI(t) cum 22.0
IEAC(t) PD/SPI($) cum 21.4

IEAC(t) PD/CR cum 10.3

IEAC(t) Metrics at Project Completion 
Early Finish Project

Planned Duration (weeks) 20
Actual Time (weeks) 34

Percentage Complete cum 100%
CPI cum 0.52

SPI(t) cum 0.59
SPI($) cum 1.00

Critical Ratio cum 0.52
IEAC(t) PD/SPI(t) cum 34.0
IEAC(t) PD/SPI($) cum 20.0

IEAC(t) PD/ CR cum 38.7

IEAC(t) Metrics at Project Completion 
Late Finish Project - pre ES
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““Further Developments” in Earned Further Developments” in Earned 

Schedule Schedule 

Schedule Duration PredictionSchedule Duration Prediction (continued)(continued)

�� Pre ES formulae and results algebraically flawedPre ES formulae and results algebraically flawed

“... there is little theoretical justification for EVM “... there is little theoretical justification for EVM 
practitioners continuing to use the pre ES predictorspractitioners continuing to use the pre ES predictors
of schedule performance.  Conversion to and use of the of schedule performance.  Conversion to and use of the 
ES based techniques is strongly recommended.”ES based techniques is strongly recommended.”

There’s got 
to be a better 

method!

- Kym Henderson
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IEAC(t) Predictions using IEAC(t) Predictions using ESES Techniques:Techniques:
Same Same Early and Late Finish Project ExamplesEarly and Late Finish Project Examples

�� Use of the ES “long form” IEAC(t) formula, results in Use of the ES “long form” IEAC(t) formula, results in correctcorrect
calculation of Actual Duration at Completioncalculation of Actual Duration at Completion

Planned Duration (weeks) 20
Actual Time (weeks) 34

Earned Schedule cum 20.0
Planned Duration Work 

Remaining
0.0

Percentage Complete cum 100%
CPI cum 0.53

SPI(t) cum 0.59
SPI($) cum 1.00

Critical Ratio cum 0.52
Critical Ratio ES cum 0.30

IEAC(t) PF = SPI(t) cum 34.0
IEAC(t) PF = SPI($) cum 34.0

IEAC(t) PF = CR cum 34.0
IEAC(t) PF = CR ES cum 34.0

IEAC(t) Metrics at Project Completion 
Late Finish Project using ES

Planned Duration (weeks) 25
Actual Time (weeks) 22

Earned Schedule cum 25.0
Planned Duration Work 

Remaining 0.0

Percentage Complete cum 100%
CPI cum 2.08

SPI(t) cum 1.14
SPI($) cum 1.17

Critical Ratio cum 2.43
Critical Ratio ES cum 2.37

IEAC(t) PF = SPI(t) cum 22.0
IEAC(t) PF = SPI($) cum 22.0

IEAC(t)PF = CR cum 22.0
IEAC(t) PF = CR ES cum 22.0

IEAC(t) Metrics at Project Completion 
Early Finish Project using ES
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IEAC(t) Predictions using IEAC(t) Predictions using 
ESES Techniques: Techniques: Weekly Plots of IEAC(t)Weekly Plots of IEAC(t)

Late Finish Project ExampleLate Finish Project Example

Commercial IT Infrastructure Expansion Project Phas e 1

Earned Schedule, Independent Estimate At Completion  (time) - IEAC(t)
as at Project Completion: Week Starting 15th July x x
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Plan Dur wk 20
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IECD Predictions using IECD Predictions using 
ESES Techniques: Techniques: Weekly Plots ofWeekly Plots of

Independent Estimate of Completion DateIndependent Estimate of Completion Date

Commercial IT Infrastructure Expansion Project Phase 1

Earned Schedule, Independent Estimates of Completio n Date (IECD)
as at Project Completion: Week Starting 15th July x x
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27 Jan 90

10 Feb 90

24 Feb 90

10 Mar 90

24 Mar 90

07 Apr 90

21 Apr 90

05 May 90

19 May 90

02 Jun 90

16 Jun 90

30 Jun 90

14 Jul 90

28 Jul 90

Planned Schedule Earned Schedule cum Planned Completion Date Independent Estimate of Completion Date

Stop wk 19 Plan Dur wk 20
Compl Apr 7

Re-start wk 26

Stop wk 19
Plan Dur wk 20
Compl Apr 7

Re-start wk 26
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““Further Developments” in Earned Further Developments” in Earned 

Schedule Schedule 

Schedule Duration PredictionSchedule Duration Prediction (continued)(continued)

�� Pre ES formulae and results algebraically flawedPre ES formulae and results algebraically flawed

“... there is little theoretical justification for EVM “... there is little theoretical justification for EVM 
practitioners continuing to use the pre ES predictorspractitioners continuing to use the pre ES predictors
of schedule performance.  Conversion to and use of the of schedule performance.  Conversion to and use of the 
ES based techniques is strongly recommended.”ES based techniques is strongly recommended.”

There’s got 
to be a better 

method!

- Kym Henderson
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2 My Experience Summarised

π Stephan VandevoordeIIPMC 2005 Fall Conference    Rev.2

• Schedule Performance Indicators (for early and late finish projects):
– SPI(t) & SV(t) do portray the real schedule performance

in agreement with [1] [2]
• Forecasting Duration (for early and late finish projects):

– at early & middle project stage: pre-ES & ES forecasts produce 
similar results at late project stage: ES forecasts outperform all 
pre-ES forecasts in agreement with [2] [3]

• Assessing Project Duration (for early and late finish projects):
– the use of the SPI(t) in conjunction with the TCSPI(t) has been 

demonstrated to be useful to manage the schedule expectations 
application of [3]

[1] Lipke Walt, Schedule is Different, The Measurable News, Summer 2003
[2] Henderson Kym, Earned Schedule: A Breakthrough Extension to Earned Value Theory? A 

Retrospective Analysis of Real Project Data,The Measurable News, Summer 2003
[3] Henderson, Kym, Further Development in Earned Schedule,The Measurable News, Spring 

2004
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Exercise Exercise –– CalculateCalculate
ES, SV(t), SPI(t)ES, SV(t), SPI(t)
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Exercise # 1Exercise # 1

�� Complete  Early & Late Worksheets Complete  Early & Late Worksheets 

(tan areas (tan areas onlyonly)): : 

ES, SV(t), SPI(t)ES, SV(t), SPI(t)

�� Earned Schedule Formulas:Earned Schedule Formulas:
�� ES = Nr of Completed BCWS Time Periods ES = Nr of Completed BCWS Time Periods 

+ Fraction of Uncompleted Period+ Fraction of Uncompleted Period

�� Fraction = (BCWP Fraction = (BCWP –– BCWSBCWSnn) / (BCWS) / (BCWSn+1n+1 –– BCWSBCWSnn))

�� AT = Actual Time (number of periods from start) AT = Actual Time (number of periods from start) 

�� Schedule Variance:   SV(t) = ES Schedule Variance:   SV(t) = ES –– ATAT

�� Schedule Performance Index:   SPI(t) = ES / ATSchedule Performance Index:   SPI(t) = ES / AT
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Early Finish Project (Cumulative Values)Early Finish Project (Cumulative Values)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

105 200 515 845 1175 1475 1805 2135 2435 2665 2760 2823

115 220 530 870 1215 1525 1860 2190 2500 2740 2823 ------

10 20 15 25 40 50 55 55 65 75 63 ------

1.095 1.100 1.029 1.030 1.034 1.034 1.030 1.026 1.027 1.028 1.023 ------

1 2 3 4 5 6 7 8 9 10 11 12

ES Exercise ES Exercise -- WorksheetWorksheet
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Late Finish Project (Cumulative Values)Late Finish Project (Cumulative Values)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

BSWS($) 105 200 515 845 1175 1475 1805 2135 2435 2665 2760 2823 ------ ------ ------

BCWP($) 95 180 470 770 1065 1315 1610 1900 2150 2275 2425 2555 2695 2770 2823

SV($) -10 -20 -45 -75 -110 -160 -195 -235 -285 -390 -335 -268 -128 -53 0

SPI($) 0.905 0.900 0.913 0.911 0.906 0.892 0.892 0.890 0.883 0.854 0.879 0.905 0.955 0.981 1.000

Month Count 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ES(cum)

SV(t)

SPI(t)

Year 01 Year 02

ES Exercise ES Exercise -- WorksheetWorksheet
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ES Exercise ES Exercise -- AnswersAnswers
115 220 530 870 1215 1525 1860 2190 2500 2740 2823 ------

10 20 15 25 40 50 55 55 65 75 63 ------

1.095 1.100 1.029 1.030 1.034 1.034 1.030 1.026 1.027 1.028 1.023 ------

1 2 3 4 5 6 7 8 9 10 11 12

1.105 2.063 3.045 4.076 5.133 6.152 7.167 8.183 9.283 10.789 12.000 ------

0.105 0.063 0.045 0.076 0.133 0.152 0.167 0.183 0.283 0.789 1.000 ------

1.105 1.032 1.015 1.019 1.027 1.025 1.024 1.023 1.031 1.079 1.091 ------

Early Finish Project (Cumulative Values)Early Finish Project (Cumulative Values)
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ES Exercise ES Exercise -- AnswersAnswers
BSWS($) 105 200 515 845 1175 1475 1805 2135 2435 2665 2760 2823 ------ ------ ------

BCWP($) 95 180 470 770 1065 1315 1610 1900 2150 2275 2425 2555 2695 2770 2823

SV($) -10 -20 -45 -75 -110 -160 -195 -235 -285 -390 -335 -268 -128 -53 0

SPI($) 0.905 0.900 0.913 0.911 0.906 0.892 0.892 0.890 0.883 0.854 0.879 0.905 0.955 0.981 1.000

Month Count 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ES(mo) 0.905 1.789 2.857 3.772 4.667 5.547 6.409 7.288 8.050 8.467 8.967 9.522 10.316 11.159 12.000

SV(t) -0.095 -0.211 -0.143 -0.228 -0.333 -0.533 -0.591 -0.712 -0.950 -1.533 -2.033 -2.478 -2.684 -2.841 -3.000

SPI(t) 0.905 0.894 0.952 0.943 0.933 0.911 0.916 0.911 0.894 0.847 0.815 0.794 0.794 0.797 0.800

Late Finish Project (Cumulative Values)Late Finish Project (Cumulative Values)
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Status UpdateStatus Update
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Early AdoptersEarly Adopters

�� EVM Instructors EVM Instructors 
�� PMA, Management Technologies …PMA, Management Technologies …

�� Boeing DreamlinerBoeing Dreamliner, Lockheed Martin, US State , Lockheed Martin, US State 
Department, Secretary of the Air ForceDepartment, Secretary of the Air Force

�� UK UK MoDMoD –– Nimrod, Type 45 DestroyerNimrod, Type 45 Destroyer

�� Several Countries Several Countries -- Australia, Belgium, Sweden, Australia, Belgium, Sweden, 
UK, USA UK, USA ……

�� Applications across weapons programs, Applications across weapons programs, 
construction, software development, …construction, software development, …

�� Range of project size from very small and short Range of project size from very small and short 
to extremely large and long durationto extremely large and long duration
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““ TimeTime--Based Schedule Measures Based Schedule Measures ---- An Emerging EVM Practice” An Emerging EVM Practice” 
Part of the EVM Practice StandardPart of the EVM Practice Standard

• Included in Box 3-1 of EVM 
Practice Standard
– Describes basic principles of 

“Earned Schedule”
– Provides foundation for further 

development of and research 
intended to result in Earned 
Schedule acceptance as a 
valid extension to EVM

• EVM Practice Standard being 
released at this Conference
(November 2004)
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Available ResourcesAvailable Resources

�� PMIPMI--Sydney  Sydney  http://sydney.pmichaptershttp://sydney.pmichapters--australia.org.au/australia.org.au/

�� Repository for ES Papers and PresentationsRepository for ES Papers and Presentations

�� Earned Schedule Website Earned Schedule Website 
http://www.earnedschedule.com/http://www.earnedschedule.com/

�� Established February 2006Established February 2006

�� Contains Contains News, Papers, Presentations, ES News, Papers, Presentations, ES 
Terminology, ES CalculatorsTerminology, ES Calculators

�� Identifies Contacts to assist with applicationIdentifies Contacts to assist with application

�� Wikipedia now references Earned ScheduleWikipedia now references Earned Schedule
http://en.wikipedia.org/wiki/Earned_Schedulehttp://en.wikipedia.org/wiki/Earned_Schedule
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Foreseen Uses of Earned ScheduleForeseen Uses of Earned Schedule

�� Enables independent evaluation of schedule estimates: Enables independent evaluation of schedule estimates: 
ETC(t), EAC(t)ETC(t), EAC(t)
�� Client, Contractor, Program and Project Manager ….Client, Contractor, Program and Project Manager ….

�� Facilitates insight into network schedule performanceFacilitates insight into network schedule performance
�� Duration based Schedule indicatorsDuration based Schedule indicators

�� Identification of impediments/constraints and potential future Identification of impediments/constraints and potential future 
reworkrework

�� Evaluation of adherence to planEvaluation of adherence to plan

�� Improvement to Schedule and Cost predictionImprovement to Schedule and Cost prediction
�� Client, Contractor, Program and Project Manager ….Client, Contractor, Program and Project Manager ….

�� Application of direct statistical analysis of schedule Application of direct statistical analysis of schedule 
performanceperformance
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3 Research Efforts 3 Research Efforts (2/3)(2/3)

9 π Stephan Vandevoorde

[8] Vanhoucke Mario, Vandevoorde Stephan, A simulatio n and evaluation of earned value metrics to
forecast the project duration , Working Paper 2005/317, July 2005, Ghent Universit y

Plans are made to present the research report “A simulation and 
evaluation of earned value metrics to forecast the project duration” at the 
22nd PMI-CPM Spring  Conference 2006.

Extracted results from [8] : Forecast Accuracy and the Completion of 
Work

Simulation runs performed: 1 run project finish ahead of schedule, 1 run projects finish behind 
schedule

Methods analysed: ES-method: PD / SPI(t), Pre-ES method: PD / SPI (note: if AD > PD, AD = PD)
Mean Percentage Error (MPE) 

for early finish projects

-0,20
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-0,10
-0,05
0,00
0,05
0,10

0%-30% 30%-70% 70%-100%

PD/SPI PD/SPI(t)

Mean Percentage Error (MPE) 
for late finish projects
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PD/SPI PD/SPI(t)

IPMC 2005 Fall Conference - ES Workshop    Final
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Demonstration of Earned Demonstration of Earned 

Schedule CalculatorSchedule Calculator
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Earned Schedule CalculatorEarned Schedule Calculator

Earned Schedule 
Calculator (V1)
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Earned Schedule CalculatorEarned Schedule Calculator

Earned Schedule 
Calculator (V2)
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Demonstration of Earned Demonstration of Earned 

Schedule Analysis ToolSchedule Analysis Tool
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Earned Schedule Analysis ToolEarned Schedule Analysis Tool

Earned Schedule 
Analysis Tool
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ES and ReES and Re--BaseliningBaselining
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ES and ReES and Re--BaseliningBaselining

�� ES indicators are affected by reES indicators are affected by re--baseliningbaselining
�� Behaviour of SV(t) and SPI(t) is analogous to Behaviour of SV(t) and SPI(t) is analogous to 
CV and CPICV and CPI
�� See examplesSee examples

�� PMB change affects schedule prediction PMB change affects schedule prediction 
similarly to costsimilarly to cost

�� Earned Schedule brings attention to the Earned Schedule brings attention to the 
potential schedule impact of a declared potential schedule impact of a declared 
“cost only” change“cost only” change
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Actual Time (weeks) 0.00 4.00 8.00 12.00 17.00 21.00 25.00 26.00 30.00 34.00

Planned Schedule ReBline #1 0.00 4.00 8.00 12.00 17.00 21.00 25.00 26.00 30.00 33.00

Planned Schedule cum CBB 0.00 4.00 8.00 12.00 17.00 20.00 20.00 20.00 20.00 20.00

Earned Schedule cum 0.00 3.84 8.60 12.56 16.87 17.45 17.59 25.91 28.70 33.00

IEAC(t) SPI(t) 20.85 18.60 19.11 20.15 24.07 28.42 33.12 34.50 34.00

01 Jan 29 Jan 26 Feb 26 Mar 30 Apr 28 May 25 Jun 02 Jul 30 Jul 27 Aug

Earned Schedule Earned Schedule –– ReRe--Baseline Example Baseline Example 
Real project data Real project data –– nominalnominal rere--baselinebaseline

1. Nominal Re1. Nominal Re--plan 02 Julyplan 02 July

Cost and schedule overrunCost and schedule overrun

2. Schedule 2. Schedule 

delaydelay

3. Re3. Re--baseline effectbaseline effect
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CV cum 0.00 (12.14) (23.70) (42.92) (87.31) (108.61) (121.43) 6.96 11.09 (2.30)

SV($) cum 0.00 (0.41) 6.65 6.73 (1.42) (22.07) (46.48) (8.60) (5.22) 0.00 

Target CV and SV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SV(t) cum 0.00 (0.16) 0.60 0.56 (0.13) (3.55) (7.41) (0.09) (1.30) (1.00)

01 Jan 29 Jan 26 Feb 26 Mar 30 Apr 28 May 25 Jun 02 Jul 30 Jul 27 Aug

Earned Schedule Earned Schedule –– ReRe--Baseline Example Baseline Example 
CV, SV($) and SV(t)CV, SV($) and SV(t)

1. Nominal Re1. Nominal Re--plan 02 Julyplan 02 July

Cost and schedule overrunCost and schedule overrun

2. Cost Overrun 2. Cost Overrun 

3. Schedule delay3. Schedule delay

4. “Sawtooth” effect of 4. “Sawtooth” effect of 

rere--baselining (CV, baselining (CV, 

SV($) and SV(t)SV($) and SV(t)

5. 1 week completion 5. 1 week completion 

delay on redelay on re--baselined baselined 

PMBPMB
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Critical Path Study Critical Path Study 
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Critical Path Study OutlineCritical Path Study Outline

�� The Scheduling Challenge The Scheduling Challenge 

�� Case Study ProjectCase Study Project

�� The projectThe project

�� The EVM, Earned Schedule and Network The EVM, Earned Schedule and Network 

Schedule approach  Schedule approach  

�� Earned Schedule vs Critical Path predictorsEarned Schedule vs Critical Path predictors

�� RealReal Schedule Management with Earned Schedule Management with Earned 

Schedule Schedule 

�� Initial experience and observationInitial experience and observation
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The Scheduling ChallengeThe Scheduling Challenge
�� A realistic project schedule is dependent on A realistic project schedule is dependent on 

multiple, often complex factors including multiple, often complex factors including 

accurate:accurate:
�� Estimation of the tasks required, Estimation of the tasks required, 

�� Estimates of the task durations Estimates of the task durations 

�� Resources required to complete the identified tasks Resources required to complete the identified tasks 

�� Identification and modeling of dependencies Identification and modeling of dependencies 

impacting the execution of the projectimpacting the execution of the project
�� Task dependencies (e.g. FTask dependencies (e.g. F--S process flows)S process flows)

�� “Dependent” Milestones (internal and external)“Dependent” Milestones (internal and external)

�� “Other logic”“Other logic”
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The Scheduling ChallengeThe Scheduling Challenge
��From small projects into large projects and From small projects into large projects and 
programs, scheduling requirements becomes programs, scheduling requirements becomes 
exponentially more complexexponentially more complex

�� IntegrationIntegration
��Of schedules between “master” and “subordinate” Of schedules between “master” and “subordinate” 
schedulesschedules

��Often across multiple tiers of Often across multiple tiers of 

�� Activities and Activities and 

�� OrganisationsOrganisations

contributing to the overall program of workcontributing to the overall program of work

��EssentialEssential for producing a for producing a usefuluseful integrated integrated 
master schedulemaster schedule
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To further compound To further compound 
schedule complexityschedule complexity

��Once an initial schedule baseline has been Once an initial schedule baseline has been 
established progress monitoring established progress monitoring inevitablyinevitably
results in changesresults in changes

��Task and activity durations change because “actual Task and activity durations change because “actual 
performance” does not conform to plan performance” does not conform to plan 

��Additional Additional unforeseenunforeseen activities may need to be addedactivities may need to be added

��Logic changes as a result of corrective actions to Logic changes as a result of corrective actions to 
contain slippages; andcontain slippages; and

��Improved understanding of the work being Improved understanding of the work being 
undertaken undertaken 

��Other “planned changes” (Change Requests) also Other “planned changes” (Change Requests) also 
contribute to schedule modifications over timecontribute to schedule modifications over time
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Wouldn’t it be nice ….Wouldn’t it be nice ….

�� To be able to explicitly declare “Schedule Reserve” in To be able to explicitly declare “Schedule Reserve” in 

the project “schedule of record” the project “schedule of record” 

�� Protect committed key Protect committed key milestonemilestone delivery dates delivery dates 

�� To have schedule macro level indicators and predictors To have schedule macro level indicators and predictors 
�� Ideally, derived separately from the network schedule!Ideally, derived separately from the network schedule!

�� Provides a means for comparison and validation of the Provides a means for comparison and validation of the 
measures and predictors provided by the network schedulemeasures and predictors provided by the network schedule

�� An An independentindependent predictor of project duration would be a predictor of project duration would be a 
particularly useful metricparticularly useful metric

�� “On time” completion of projects usually considered “On time” completion of projects usually considered 
importantimportant

�� Just like EVM practitioners have for cost …. Just like EVM practitioners have for cost …. 

�� The potential offered by Earned ScheduleThe potential offered by Earned Schedule
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Case Study ProjectCase Study Project

�� Commercial sector software development Commercial sector software development 

and enhancement projectand enhancement project
�� Small scale:Small scale: 10 week Planned Duration 10 week Planned Duration 

�� Time critical:Time critical: Needed to support launch of Needed to support launch of 
revenue generating marketing campaignrevenue generating marketing campaign

�� Cost budget: 100% labour costs Cost budget: 100% labour costs 

�� Mixture of:Mixture of:
�� 3 tier client server development3 tier client server development

�� Mainframe, Middleware, WorkstationMainframe, Middleware, Workstation

�� 2 tier client server development2 tier client server development
�� Mainframe to Workstation directMainframe to Workstation direct
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The EVM and ES Approach The EVM and ES Approach 

��Microsoft Project 2002 scheduleMicrosoft Project 2002 schedule
��Resource loaded for time phased effort and cost Resource loaded for time phased effort and cost 
estimation estimation 

��Control Account Control Account –– Work Package views developed in the Work Package views developed in the 
scheduleschedule

��Actual Costs captured in SAP time recording systemActual Costs captured in SAP time recording system

�� Limited (actual) cost Limited (actual) cost –– schedule integrationschedule integration

��Contingency (Management Reserve) managed outside the Contingency (Management Reserve) managed outside the 
scheduleschedule

��Top level Planned Values cum “copied and pasted” into Top level Planned Values cum “copied and pasted” into 
Excel EVM and ES templateExcel EVM and ES template

�� High level of cost High level of cost –– schedule integration achievedschedule integration achieved
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Schedule ManagementSchedule Management
�� Weekly schedule updates from week 3 focusing on: Weekly schedule updates from week 3 focusing on: 

��Accurate task level percentage work completion updates  Accurate task level percentage work completion updates  

��The project level percentage work completion (cumulative) The project level percentage work completion (cumulative) 
calculated by Microsoft Project  calculated by Microsoft Project  

�� Percentage work complete transferred to the EVM and ES template Percentage work complete transferred to the EVM and ES template 
to derive the progressive Earned Value (cumulative) measureto derive the progressive Earned Value (cumulative) measure

�� Schedule review focusing on critical path analysisSchedule review focusing on critical path analysis
��Schedule updates occurred as needed with Schedule updates occurred as needed with 

��Revised estimates of task duration and Revised estimates of task duration and 

��Changes to network schedule logic Changes to network schedule logic 

particularly when needed to facilitate schedule based particularly when needed to facilitate schedule based 
corrective actioncorrective action

�� Actual costs entered into the EVM and ES template as Actual costs entered into the EVM and ES template as 
they became available (weekly)they became available (weekly)
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An Integrated Schedule Analysis ChartAn Integrated Schedule Analysis Chart
Critical Path, IECD, SPI(t) and SPI($) on one pageCritical Path, IECD, SPI(t) and SPI($) on one page
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Schedule AnalysisSchedule Analysis

�� Initial expectationInitial expectation
�� The critical path predicted completion date would be The critical path predicted completion date would be 

more pessimistic than the IECDmore pessimistic than the IECD

�� In factIn fact
�� The ES IECD trend line depicted a “late finish” project  The ES IECD trend line depicted a “late finish” project  

with improving schedule performancewith improving schedule performance

�� The critical path predicted completion dates showed an The critical path predicted completion dates showed an 

“early finish project” with deteriorating schedule “early finish project” with deteriorating schedule 

performanceperformance

�� Became the “critical question” in Week 8Became the “critical question” in Week 8
�� ES IECD improvement trend reversedES IECD improvement trend reversed

�� Continued deterioration in the critical path predicted Continued deterioration in the critical path predicted 

completion dates completion dates 
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Schedule Analysis ResultSchedule Analysis Result

�� IECD the more credible predictor in IECD the more credible predictor in this circumstancethis circumstance
��Work was not being accomplished at the rate plannedWork was not being accomplished at the rate planned

��No adverse contribution by critical path factorsNo adverse contribution by critical path factors

�� e.g. Externally imposed delays caused by “dependent e.g. Externally imposed delays caused by “dependent 

milestone”milestone”

�� Two weeks schedule delay communicated to Two weeks schedule delay communicated to 

managementmanagement
��Very late delay of schedule slippage a very sensitive issue Very late delay of schedule slippage a very sensitive issue 

�� Corrective action was immediately implementedCorrective action was immediately implemented
��Resulted in two weeks progress in one week based on IECD Resulted in two weeks progress in one week based on IECD 

improvement in week 9improvement in week 9

��Project substantively delivered to the revised delivery dateProject substantively delivered to the revised delivery date
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The IECD vs Critical Path PredictorsThe IECD vs Critical Path Predictors

��Network schedule updates do not usually factor Network schedule updates do not usually factor 
past (critical path) task performance into the futurepast (critical path) task performance into the future

��Generally concentrate on the Generally concentrate on the currentcurrent time windowtime window

�� Task updatesTask updates

�� Corrective action to try and contain slippagesCorrective action to try and contain slippages

��Critical path predicted completion date is not usually Critical path predicted completion date is not usually 
calibrated by past actual schedule performancecalibrated by past actual schedule performance

�� The ES IECDThe ES IECD
��Cannot directly take into account critical path informationCannot directly take into account critical path information

��BUT does calibrate the prediction based on historic BUT does calibrate the prediction based on historic 
schedule performance as reflected in the SPI(t)schedule performance as reflected in the SPI(t)
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Further ObservationsFurther Observations
��Much has been written about the consequences ofMuch has been written about the consequences of
not achieving work at the EVM rate plannednot achieving work at the EVM rate planned

��At very least, incomplete work needs to be rescheduled …At very least, incomplete work needs to be rescheduled …

��Immediate critical vs non critical path implication requires Immediate critical vs non critical path implication requires 
detailed analysis of the network scheduledetailed analysis of the network schedule

��SustainedSustained improvement in schedule performance is a improvement in schedule performance is a 
difficult challengedifficult challenge

�� SPI(t) remained in the .7 to .8 band for the entire project!SPI(t) remained in the .7 to .8 band for the entire project!

�� In spite of the corrective action and recovery effortIn spite of the corrective action and recovery effort

��AnyAny task delayed task delayed eventuallyeventually becomes critical path if not becomes critical path if not 
completedcompleted

�� SPI(t) a very useful indicator of schedule performanceSPI(t) a very useful indicator of schedule performance
��Especially later in the project when SPI($) was resolvingEspecially later in the project when SPI($) was resolving
to 1.0to 1.0
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Questions of ScaleQuestions of Scale

��We know that ES is scalable as is EVMWe know that ES is scalable as is EVM
��Issues of scale did not arise due to small size of the projectIssues of scale did not arise due to small size of the project

�� Detailed analysis of the ES metrics is requiredDetailed analysis of the ES metrics is required
��The same as EVM for costThe same as EVM for cost

��The “masking” or “washout” effect of negative and The “masking” or “washout” effect of negative and 
positive ES variances at the detailed level can be an issuepositive ES variances at the detailed level can be an issue

��The same as EVM for costThe same as EVM for cost

�� Apply Earned Schedule to the Control Accounts and Apply Earned Schedule to the Control Accounts and 
Work Packages on the critical pathWork Packages on the critical path

��And “near” critical path activitiesAnd “near” critical path activities

�� Earned Schedule augments network schedule analysis Earned Schedule augments network schedule analysis 
–– it doesn’t replace itit doesn’t replace it

��Just as EVM doesn't replace a bottom up ETC and EACJust as EVM doesn't replace a bottom up ETC and EAC
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RealReal Schedule Management with Schedule Management with 
Earned ScheduleEarned Schedule

�� ES is of considerable benefit in analysing and ES is of considerable benefit in analysing and 
managing schedule performancemanaging schedule performance

�� The “time critical” dichotomy of reporting “optimistic” The “time critical” dichotomy of reporting “optimistic” 
predicted task completions and setting and reporting predicted task completions and setting and reporting 
realistic completion dates was avoidedrealistic completion dates was avoided

�� ES metrics provided an ES metrics provided an independentindependent means of sanity means of sanity 
checking the critical path predicted completion date checking the critical path predicted completion date 

�� Prior to communicating overall schedule status to Prior to communicating overall schedule status to 
managementmanagement

�� ES focused much more attention onto the network ES focused much more attention onto the network 
schedule than using EVM aloneschedule than using EVM alone
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Final ThoughtsFinal Thoughts

�� ES is expected be of considerable value to the ES is expected be of considerable value to the 
schedule management for large scale projects and schedule management for large scale projects and 
programsprograms

��Exponential increase in the network scheduling Exponential increase in the network scheduling 
complexities complexities 

��Unavoidable and necessary on those programs and soUnavoidable and necessary on those programs and so

��The need and benefit of an independent means of The need and benefit of an independent means of 
sanity checking schedules of such complexity is much sanity checking schedules of such complexity is much 
greatergreater

�� ES is anticipated to become the “bridge” between ES is anticipated to become the “bridge” between 
EVM and the Network ScheduleEVM and the Network Schedule
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Summary Summary -- BasicBasic
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Summary Summary -- BasicBasic

�� Derived from EVM data … onlyDerived from EVM data … only

�� Provides timeProvides time--based schedule indicatorsbased schedule indicators

�� Indicators do not fail for late finish projectsIndicators do not fail for late finish projects

�� Application is scalable up/down, just as is EVMApplication is scalable up/down, just as is EVM

�� Schedule prediction is better than any other EVM Schedule prediction is better than any other EVM 

method presently usedmethod presently used
�� SPI(t) behaves similarly  to CPISPI(t) behaves similarly  to CPI

�� IEAC(t) = PD / SPI(t) behaves similarly to IEAC(t) = PD / SPI(t) behaves similarly to 

IEAC = BAC / CPIIEAC = BAC / CPI
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Summary Summary -- BasicBasic

�� Schedule prediction Schedule prediction –– much easier and possibly much easier and possibly 

better than “bottomsbetter than “bottoms--up” schedule analysisup” schedule analysis

�� Application is growing in both small and large Application is growing in both small and large 

projectsprojects

�� Practice recognized as “Emerging Practice”Practice recognized as “Emerging Practice”

�� Resource availability enhanced with ES website Resource availability enhanced with ES website 

and Wikipediaand Wikipedia

�� Research indicates ES superior to other methods   Research indicates ES superior to other methods   
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Earned Schedule Training Earned Schedule Training 

BasicBasic

�� Discussion Discussion 

�� Wrap Up Wrap Up –– ES BasicES Basic
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Earned ScheduleEarned Schedule Emerging Emerging 

Practice WorkshopPractice Workshop

Session 2Session 2

Walt LipkeWalt Lipke

waltlipke@cox.net   waltlipke@cox.net   

1 (405) 3641 (405) 364--15941594

Kym HendersonKym Henderson
Education DirectorEducation Director

PMI Sydney, Australia ChapterPMI Sydney, Australia Chapter

kym.henderson@froggy.com.au kym.henderson@froggy.com.au 

61  414 428 53761  414 428 537

InstructorsInstructors
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Earned Schedule TrainingEarned Schedule Training

Basic (Session 1)Basic (Session 1)

�� EVM Schedule IndicatorsEVM Schedule Indicators

�� Introduction to Earned ScheduleIntroduction to Earned Schedule

�� Concept & MetricsConcept & Metrics

�� IndicatorsIndicators

�� PredictorsPredictors

�� TerminologyTerminology
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Earned Schedule Training Earned Schedule Training 

Basic (Session 1)Basic (Session 1)

�� Application of Concept Application of Concept 
�� Analysis & VerificationAnalysis & Verification

�� Prediction ComparisonsPrediction Comparisons

�� Exercise Exercise –– Calculate ES, Calculate ES, SV(tSV(t), ), SPI(tSPI(t))

�� Status UpdateStatus Update
�� ApplicationsApplications

�� PMIPMI--CPM Earned Value Practice StandardCPM Earned Value Practice Standard

�� ES WebsiteES Website
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Earned Schedule TrainingEarned Schedule Training

Basic (Session 1)Basic (Session 1)

�� Analysis Tool DemonstrationAnalysis Tool Demonstration

�� ReRe--Baseline EffectsBaseline Effects

�� Critical Path StudyCritical Path Study

�� DiscussionDiscussion

�� Wrap Up Wrap Up –– ES BasicES Basic
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Earned Schedule TrainingEarned Schedule Training

Advanced (Session 2)Advanced (Session 2)

�� Interpolation ErrorInterpolation Error

�� Network Schedule AnalysisNetwork Schedule Analysis

�� Impediments / ConstraintsImpediments / Constraints

�� ReworkRework

�� EV ResearchEV Research

�� Schedule AdherenceSchedule Adherence
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Earned Schedule TrainingEarned Schedule Training

Advanced (Session 2)Advanced (Session 2)
�� Effective Earned ValueEffective Earned Value

�� DerivationDerivation

�� IndicatorsIndicators

�� PredictionPrediction

�� Statistical PredictionStatistical Prediction
�� Statistical Process ControlStatistical Process Control

�� Planning for RiskPlanning for Risk

�� Performance Indication & AnalysisPerformance Indication & Analysis

�� Outcome PredictionOutcome Prediction

�� Summary Summary -- AdvancedAdvanced
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Earned Schedule TrainingEarned Schedule Training

Advanced (Session 2)Advanced (Session 2)

�� Statistical PredictionStatistical Prediction
�� Statistical Process ControlStatistical Process Control

�� Planning for RiskPlanning for Risk

�� Performance Indication & AnalysisPerformance Indication & Analysis

�� Outcome PredictionOutcome Prediction

�� Summary Summary -- AdvancedAdvanced

�� Quiz & DiscussionQuiz & Discussion

�� Wrap UpWrap Up
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Earned Schedule TrainingEarned Schedule Training

AdvancedAdvanced
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Interpolation ErrorInterpolation Error
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Interpolation ErrorInterpolation Error

�� The PMB is an SThe PMB is an S--Curve. Does the linear Curve. Does the linear 

interpolation introduce large ES error?interpolation introduce large ES error?

�� Is error larger where the SIs error larger where the S--Curve is Curve is 

steepest?steepest?

�� What affects the accuracy of the ES What affects the accuracy of the ES 

calculation?calculation?
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Interpolation ErrorInterpolation Error

$$

I /1 mo = p / qI /1 mo = p / q

I = (p / q) I = (p / q) ∗∗ 1 mo1 mo

p = BCWP p = BCWP –– BCWSBCWSCC

q = BCWSq = BCWSC+1C+1 –– BCWSBCWSCC

I = I = ∗∗ 1mo1mo
BCWP BCWP –– BCWSBCWSCC

BCWSBCWSC+1C+1 –– BCWSBCWSCC

•

•

BCWSC+1

••

ES(calc)

BCWP

BCWSC

ES

JulyJuneMay

1 mo

I

p

q

Time
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Interpolation ErrorInterpolation Error

ES = Number of whole months (C) +      ES = Number of whole months (C) +      

Increment on curve (F)Increment on curve (F)

= C + F= C + F

ES(calc) = C + calculated ES(calc) = C + calculated 

increment (I)increment (I)

Error (Error (δδ) = I ) = I -- FF

% error =   % error =   

Example = .05 / 8.12 = 0.6%Example = .05 / 8.12 = 0.6%

As C As C ⇒⇒ largerlarger

-- % error % error ⇒⇒ smallersmaller

-- ES(calc) ES(calc) ⇒⇒ more accuratemore accurate

Weekly EV make ES more accurateWeekly EV make ES more accurate

| | δδ ||

C + FC + F

Time

$$

•BCWSC+1

•

••BCWP

ES(calc)

BCWSC

JulyJuneMay

(C) (C + 1)
ES

F

I

δδδδ error
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Interpolation ErrorInterpolation Error

�� After a few months of status (C > 4)After a few months of status (C > 4) --

interpolation error is negligible (interpolation error is negligible (≤≤ 3%)3%)

�� What about central portion of PMB, where What about central portion of PMB, where 

SS--Curve is steepest? Is error greater?Curve is steepest? Is error greater?

�� Where slope is large, the resolution of the Where slope is large, the resolution of the 

interpolation is maximizedinterpolation is maximized

�� Curvature of PMB is minimizedCurvature of PMB is minimized

�� Interpolation error is negligibleInterpolation error is negligible



ProMAC 2006 26ProMAC 2006 26thth Sep 2006 Sep 2006 
Copyright © 2006Copyright © 2006

Lipke and HendersonLipke and Henderson 1414

Other Sources of ErrorOther Sources of Error

�� Partial Month Partial Month –– 1st month1st month

�� Much more significant than interpolation errorMuch more significant than interpolation error

�� Error decreases as C becomes largerError decreases as C becomes larger

�� Correctable Correctable –– adjust calculator outputadjust calculator output

�� Earned Value recordedEarned Value recorded

�� By far, the largest source of ES errorBy far, the largest source of ES error

�� Low accuracy for EV Low accuracy for EV ⇒⇒ inaccurate ES inaccurate ES 
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Network Schedule Analysis Network Schedule Analysis 
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Schedule Analysis with EVM?Schedule Analysis with EVM?

�� The general belief is EVM cannot be used The general belief is EVM cannot be used 

to predict schedule durationto predict schedule duration

�� Most practitioners analyze schedule from Most practitioners analyze schedule from 

the bottom up using the networked the bottom up using the networked 

schedule ….schedule ….“It is the only way possible.”“It is the only way possible.”

�� Analysis of the Schedule is overwhelmingAnalysis of the Schedule is overwhelming

�� Critical Path is used to shorten analysisCritical Path is used to shorten analysis
(CP is longest path of the schedule)(CP is longest path of the schedule)
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Schedule Analysis with EVM?Schedule Analysis with EVM?

�� Duration prediction using Earned Schedule Duration prediction using Earned Schedule 

provides a macroprovides a macro--method similar to the method similar to the 

method for estimating Cost method for estimating Cost 

�� A significant advance in practiceA significant advance in practice

�� But, there’s more that ES facilitates …. But, there’s more that ES facilitates …. 
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Earned ScheduleEarned Schedule
Bridges EVM to “Real” ScheduleBridges EVM to “Real” Schedule

$$

Time

PV

BAC

PD

EV

ESES ATAT

SV(t)

Copyright © 2005 Lipke & Henderson
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How Can This Be Used?How Can This Be Used?

�� Tasks behind Tasks behind –– possibility of impediments or possibility of impediments or 

constraints can be identifiedconstraints can be identified

�� Tasks ahead Tasks ahead –– a likelihood of future rework can a likelihood of future rework can 

be identifiedbe identified

�� The identification is independent from schedule The identification is independent from schedule 

efficiencyefficiency

�� The identification can be automatedThe identification can be automated

PMs can now have a schedule analysis tool      PMs can now have a schedule analysis tool      

connected to the EVM Data!!connected to the EVM Data!!
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Earned Value ResearchEarned Value Research
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Earned Value ResearchEarned Value Research

�� Most research conducted since 1990Most research conducted since 1990

�� Result of cancellation of Navy AResult of cancellation of Navy A--12 Avenger12 Avenger

�� Primary researcher, Dr. David Christensen, Primary researcher, Dr. David Christensen, 

Southern Utah UniversitySouthern Utah University

�� Cost studies using very large DOD projectsCost studies using very large DOD projects

�� EVM Literature on Dr. Christensen’s EVM Literature on Dr. Christensen’s 

website  website  http://www.suu.edu/faculty/christensend/evhttp://www.suu.edu/faculty/christensend/ev--bib.htmlbib.html
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Results from EV ResearchResults from EV Research

�� Dr. Christensen’s & associates’ findingsDr. Christensen’s & associates’ findings

�� CPI stabilizes @ 20% completeCPI stabilizes @ 20% complete

�� CPI tends to worsen as EV CPI tends to worsen as EV ⇒⇒ BACBAC

�� |CPI(final) |CPI(final) –– CPI(20%)| CPI(20%)| ≤≤ 0.100.10

�� IEAC = BAC / CPI IEAC = BAC / CPI ≤≤ Final Cost Final Cost 

when Percent Complete is 20% when Percent Complete is 20% ⇔⇔ 70%70%
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Discussion of EV ResearchDiscussion of EV Research
�� CPI tends to worsen as EV CPI tends to worsen as EV ⇒⇒ BACBAC

�� IEAC = BAC / CPI IEAC = BAC / CPI ≤≤ Final Cost Final Cost 
when Percent Complete is when Percent Complete is ≥≥ 20%20%

�� IEAC condition must be true if CPI tendency is trueIEAC condition must be true if CPI tendency is true

�� Rationale supporting CPI tendencyRationale supporting CPI tendency

�� Rework increasing as EV approaches BACRework increasing as EV approaches BAC

�� Late occurring impacts from constraints/impediments Late occurring impacts from constraints/impediments 

�� Lack of available EV toward end of projectLack of available EV toward end of project

�� My conjecture: SPI(t) & IEAC(t) = PD / SPI(t) My conjecture: SPI(t) & IEAC(t) = PD / SPI(t) 
behave similarly to CPI & IEAC = BAC / CPIbehave similarly to CPI & IEAC = BAC / CPI



ProMAC 2006 26ProMAC 2006 26thth Sep 2006 Sep 2006 
Copyright © 2006Copyright © 2006

Lipke and HendersonLipke and Henderson 2424

CPI & IEAC BehaviorCPI & IEAC Behavior

CPIcum versus 
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Schedule Adherence Schedule Adherence 
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Schedule AdherenceSchedule Adherence

�� EV isn’t connected to EV isn’t connected to task sequencetask sequence

�� Hypothesis: Completion sequence of tasks affects Hypothesis: Completion sequence of tasks affects 

performance efficiencyperformance efficiency

�� Incorrect task sequencing occurs when there is..Incorrect task sequencing occurs when there is..

�� Impediment or constraintImpediment or constraint

�� Poor process disciplinePoor process discipline

�� Improper performance sequence may cause Improper performance sequence may cause ……

�� Overloading of constraintOverloading of constraint

�� Performance of tasks w/o complete inputsPerformance of tasks w/o complete inputs
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Schedule AdherenceSchedule Adherence

�� Result from improper performance sequence Result from improper performance sequence ……
�� Constraint limited outputConstraint limited output

�� Schedule lengthensSchedule lengthens

�� Cost increases while waiting  (when other EV available is Cost increases while waiting  (when other EV available is 
severely limited) severely limited) 

�� Rework occurs  (~ 50%)Rework occurs  (~ 50%)
�� Schedule lengthensSchedule lengthens

�� Cost escalatesCost escalates

�� Constraint problem & Rework appear late Constraint problem & Rework appear late 
causing causing ……
�� CPI & SPI(t) to decrease as EV CPI & SPI(t) to decrease as EV ⇒⇒ BACBAC
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Schedule AdherenceSchedule Adherence

�� Schedule Adherence measure is used to enhance Schedule Adherence measure is used to enhance 

the EVM measuresthe EVM measures

�� Early warning for later cost and schedule problemsEarly warning for later cost and schedule problems

�� Proposed Measure: Proposed Measure: In accordance with the project plan, In accordance with the project plan, 
determine the tasks which should be completed or started for determine the tasks which should be completed or started for 
the duration associated with ES. Compare the associated PV with the duration associated with ES. Compare the associated PV with 
the EV of the tasks which directly correspond. Calculate the the EV of the tasks which directly correspond. Calculate the 
ratio: ratio: 

P = Tasks (perf P = Tasks (perf -- corr) / Tasks (plan)corr) / Tasks (plan)

= = ΣΣ EVj (corresponding) / EVj (corresponding) / ΣΣ PVj (plan)PVj (plan)

where where ΣΣ EVj EVj ≤≤ ΣΣ PVj   &  PVj   &  ΣΣ PVj = EVPVj = EV
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Schedule AdherenceSchedule Adherence

�� Characteristics of the P measureCharacteristics of the P measure

�� P measure cannot exceed 1.0 P measure cannot exceed 1.0 

0 0 ≤≤ P P ≤≤ 1.01.0

�� At project completion P = 1.0At project completion P = 1.0

�� P is likely unstable until project is 20% complete P is likely unstable until project is 20% complete 

{similar to the behavior of CPI}{similar to the behavior of CPI}

�� The behavior of P may explain Dr. Christensen’s The behavior of P may explain Dr. Christensen’s 
findings for CPI & IEACfindings for CPI & IEAC

�� P used to compute effective earned value {EV(e)}P used to compute effective earned value {EV(e)}
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Effective Earned Value Effective Earned Value 
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Effective Earned ValueEffective Earned Value

ΣΣΣΣΣΣΣΣEVEVjj ⇐⇐⇐⇐⇐⇐⇐⇐ PV @ ESPV @ ES

Total EVTotal EV

EV(r) is performed at risk of creating reworkEV(r) is performed at risk of creating rework
Portion colored      is usablePortion colored      is usable
Portion colored      is unusablePortion colored      is unusable

EV(r)EV(r)

Effective EVEffective EV
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Effective EV RelationshipsEffective EV Relationships

�� PP--Factor (or P) = Factor (or P) = ΣΣEVj / EVj / ΣΣPVj = PVj = ΣΣEVj / EVEVj / EV

ΣΣEVj = P EVj = P ∗∗ EVEV

�� EV(p) is portion of EV consistent with the planEV(p) is portion of EV consistent with the plan

EV(p) = EV(p) = ΣΣEVj  = P EVj  = P ∗∗ EVEV

�� EV(r) is portion of EV with anticipated reworkEV(r) is portion of EV with anticipated rework

EV(r) = EV EV(r) = EV –– EV(p) = EV EV(p) = EV –– P P ∗∗ EVEV

EV(r) = (1 EV(r) = (1 –– P) P) ∗∗ EVEV
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Effective EV RelationshipsEffective EV Relationships

�� Rework proportion (R%) = f(r) / f(p)Rework proportion (R%) = f(r) / f(p)

f(r) = fraction of EV(r) unusable f(r) = fraction of EV(r) unusable 

f(p) = fraction of EV(r) usablef(p) = fraction of EV(r) usable

f(r) + f(p) = 1f(r) + f(p) = 1

�� Portion of EV(r) usablePortion of EV(r) usable

f(p) f(p) ∗∗ R% + f(p) = 1R% + f(p) = 1

f(p) = 1 / (1 f(p) = 1 / (1 ++ R%)R%)
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Effective Earned ValueEffective Earned Value

�� Effective earned value is a function of EV, P, and Effective earned value is a function of EV, P, and 

Rework:Rework: EV(e) = f (EV, P, Rework)EV(e) = f (EV, P, Rework)

EV(e) = EV(e) = EV(p) EV(p) ++ (fraction usable) (fraction usable) ∗∗ EV(r)EV(r)

= P = P ∗∗ EV EV ++ (1 / 1 (1 / 1 ++ R%) R%) ∗∗ [(1 [(1 −− P) P) ∗∗ EV] EV] 

�� General equation for Effective Earned ValueGeneral equation for Effective Earned Value

EV(e) = [ (1 + P EV(e) = [ (1 + P ∗∗ R%) / (1 + R%) ] R%) / (1 + R%) ] ∗∗ EVEV

�� Special case, when R% = 50% Special case, when R% = 50% 

EV(e) = [ (P + 2) / 3 ] EV(e) = [ (P + 2) / 3 ] ∗∗ EVEV
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Effective Earned ValueEffective Earned Value

�� Effective ES is computed using EV(e) Effective ES is computed using EV(e) 

{i.e., ES(e)}{i.e., ES(e)}

�� Effective EV and ES indicators are …Effective EV and ES indicators are …

�� CV(e) = EV(e) CV(e) = EV(e) –– ACAC

�� CPI(e) = EV(e) / ACCPI(e) = EV(e) / AC

�� SV(te) = ES(e) SV(te) = ES(e) –– ATAT

�� SPI(te) = ES(e) / ATSPI(te) = ES(e) / AT
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Graphs of CPI, CPI(e) Graphs of CPI, CPI(e) 
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Graphs of CPI & SPI(t) Graphs of CPI & SPI(t) 

with the P with the P -- FactorFactor
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Forecasting with Forecasting with 

Effective Earned ValueEffective Earned Value
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Forecasting withForecasting with

Effective Earned ValueEffective Earned Value

IEAC(e) = BAC / CPI(e)IEAC(e) = BAC / CPI(e)Cost PredictionCost Prediction

IEAC(te) = PD / SPI(te)IEAC(te) = PD / SPI(te)Schedule PredictionSchedule Prediction
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Schedule & Cost PredictionSchedule & Cost Prediction
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Summary:Summary:

Effective Earned ValueEffective Earned Value

�� Lack of adherence to the schedule causes EV to Lack of adherence to the schedule causes EV to 

misrepresent project progressmisrepresent project progress

�� P indicator introduced to measure schedule P indicator introduced to measure schedule 

adherenceadherence

�� Effective EV calculable from P, R% and EV Effective EV calculable from P, R% and EV 

reportedreported

�� Prediction for both final cost and project Prediction for both final cost and project 

duration hypothesized to be improved with duration hypothesized to be improved with 

Effective Earned ValueEffective Earned Value
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Statistical Prediction Statistical Prediction 
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Statistical Prediction Statistical Prediction 

�� Statistical Process ControlStatistical Process Control

�� Planning for RiskPlanning for Risk

�� Performance Indication & AnalysisPerformance Indication & Analysis

�� Outcome PredictionOutcome Prediction
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Application ProblemsApplication Problems

�� Distributions of periodic values of CPI & SPI(t) Distributions of periodic values of CPI & SPI(t) 

are rightare right--skewedskewed

�� Logarithms transform to Normal DistributionLogarithms transform to Normal Distribution

�� Research indicates CPI tends to worsen as Research indicates CPI tends to worsen as 

EV EV ⇒⇒ BACBAC

�� Statistics application assumes lack of any Statistics application assumes lack of any 

tendencytendency

�� Effective EV used to remove tendencyEffective EV used to remove tendency
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Statistical Process ControlStatistical Process Control

�� SPC is a Quality method used to identify SPC is a Quality method used to identify 

anomalous behavior of the processanomalous behavior of the process

�� For application to CPI and SPI(t), SPC is used to For application to CPI and SPI(t), SPC is used to 

identify anomalous periodic performanceidentify anomalous periodic performance

�� Clarifies “true” performanceClarifies “true” performance

�� Allows better analysisAllows better analysis

�� Improves predictionImproves prediction
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Statistical Process ControlStatistical Process Control
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Planning for RiskPlanning for Risk

�� Risk mitigation  Risk mitigation  ⇒⇒ Schedule ReserveSchedule Reserve

�� Data neededData needed

�� Performance variation from similar historical projectPerformance variation from similar historical project

[Standard Deviation = [Standard Deviation = σσHH]]

�� Planned Duration of new project  [provides the Planned Duration of new project  [provides the 

number of performance observations (n)]number of performance observations (n)]

�� Variation of Means (Variation of Means (ln SPI(t)ln SPI(t)mm--11) = ) = σσHH / / √√ n = n = σσmm

�� Probability of Success Desired  (PS)Probability of Success Desired  (PS)
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Planning for RiskPlanning for Risk
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Performance Indication & AnalysisPerformance Indication & Analysis

�� Performance Window IndicatorPerformance Window Indicator

�� Combines CPI & SPI(t) onto one chartCombines CPI & SPI(t) onto one chart

�� Depiction is invariant to project sizeDepiction is invariant to project size

�� Provides visual of performance in relation to Plan & Provides visual of performance in relation to Plan & 

Negotiated requirementNegotiated requirement

�� Illustrates diminishing opportunity for recoveryIllustrates diminishing opportunity for recovery

�� Provides Provides Probability of SuccessProbability of Success separately for Cost & separately for Cost & 

ScheduleSchedule
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Performance Indication & AnalysisPerformance Indication & Analysis

Note: Graph axes scales are multipliers of 
Budget at Completion (Cost) and Period of 
Performance (Time).
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Outcome PredictionOutcome Prediction

�� Apply SPC to establish “true” performance for Apply SPC to establish “true” performance for 

CPI & SPI(t)CPI & SPI(t)

�� Residual Cumulative valueResidual Cumulative value

�� Standard Deviation of periodic performanceStandard Deviation of periodic performance

�� Compute the adjustment for accomplished Compute the adjustment for accomplished 

portion of projectportion of project

�� Compute Compute adjustedadjusted Standard Deviation of the Standard Deviation of the 

Means (Means (σσ∗∗))
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Outcome PredictionOutcome Prediction

�� Using the results …Using the results …

�� Determine Determine Confidence LimitsConfidence Limits for the for the 

Performance Window Performance Window –– e.g., 95% confidence e.g., 95% confidence 

….that is, ….that is, the high and low expectations for the high and low expectations for 

performanceperformance

�� Calculate Calculate Probability of SuccessProbability of Success for both Cost for both Cost 

& Schedule separately & Schedule separately 
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Summary Summary -- Advanced Advanced 
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Summary Summary -- Advanced Advanced 

�� Project analysis tool [EV & ES application]Project analysis tool [EV & ES application]

�� ReRe--baseline impacts SPI(t) similarly to CPIbaseline impacts SPI(t) similarly to CPI

�� Duration prediction from ES much easier than Duration prediction from ES much easier than 

using Critical Path analysis …and may be betterusing Critical Path analysis …and may be better

�� Network schedule analysis enhanced by ESNetwork schedule analysis enhanced by ES

�� Identifies future problemsIdentifies future problems
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Summary Summary -- Advanced Advanced 

�� ES connects EV to the scheduleES connects EV to the schedule

�� Schedule AdherenceSchedule Adherence

�� Effective Earned ValueEffective Earned Value

�� Possible enhancement of outcome prediction for Possible enhancement of outcome prediction for 

schedule & schedule & costcost

�� Statistical techniques provide facility to improve Statistical techniques provide facility to improve 

planning, analysis, and outcome prediction  planning, analysis, and outcome prediction  
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Quiz & DiscussionQuiz & Discussion
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Question #1Question #1

�� What is the problem with the EVM What is the problem with the EVM 

schedule indicators, SV and SPI?schedule indicators, SV and SPI?

OO They measure schedule performance in $$They measure schedule performance in $$

OO They sometimes are erroneousThey sometimes are erroneous

OO They can be poor predictors of outcomeThey can be poor predictors of outcome

OO All of the above All of the above 
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Question #2Question #2

�� Why do SPI & SV fail to provide reliable Why do SPI & SV fail to provide reliable 
schedule information ?schedule information ?

OO EVM measures schedule performance in $$EVM measures schedule performance in $$

OO PV & EV are constrained to BACPV & EV are constrained to BAC

OO They are not related to the networked They are not related to the networked 
scheduleschedule

OO All of the aboveAll of the above
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Question #3Question #3

�� What elements are required to compute What elements are required to compute 
Earned Schedule?Earned Schedule?

OO AT & EVAT & EV

OO AC & PMBAC & PMB

OO EV & PVEV & PV

OO EV & PMB EV & PMB 

OO All of the above All of the above 
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Question #4Question #4

�� What does Earned Schedule measure?What does Earned Schedule measure?

OO Time at which Actual Cost appears on PMBTime at which Actual Cost appears on PMB

OO Time at which Planned Value equals Earned Time at which Planned Value equals Earned 

ValueValue

OO Time at which Earned Value is reportedTime at which Earned Value is reported

OO None of the aboveNone of the above
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Question #5Question #5

�� The equation for Earned Schedule is The equation for Earned Schedule is 

ESEScumcum = C + I. How is I calculated?= C + I. How is I calculated?

OO I must be determined graphicallyI must be determined graphically

OO I = EV / PVI = EV / PV

OO I = (EV I = (EV –– PVPVCC) / (PV) / (PVC+1C+1 –– PVPVCC))

OO I = I = ∆∆EV / EV / ∆∆PVPV
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Question #6Question #6

�� What is the largest source of error for the What is the largest source of error for the 

Earned Schedule measure?Earned Schedule measure?

OO Earned Value reportedEarned Value reported

OO Interpolated portion of the ES valueInterpolated portion of the ES value

OO Earned Value accounting practiceEarned Value accounting practice

OO Crediting first month as a full month Crediting first month as a full month 



ProMAC 2006 26ProMAC 2006 26thth Sep 2006 Sep 2006 
Copyright © 2006Copyright © 2006

Lipke and HendersonLipke and Henderson 6363

Question #7Question #7

�� Earned Schedule can be used to provide Earned Schedule can be used to provide 

information about future rework and information about future rework and 

project constraints and impediments.project constraints and impediments.

OO TrueTrue

OO FalseFalse
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Question #8Question #8

�� What fundamental elements are needed to What fundamental elements are needed to 
predict the completion date for a project?predict the completion date for a project?

OO Date + AC, EV, PVDate + AC, EV, PV

OO Date + AC, AT, PMBDate + AC, AT, PMB

OO Date + PMB, EV, ATDate + PMB, EV, AT

OO Date + PV, PMB, ATDate + PV, PMB, AT

OO Date + ES, AT, PDDate + ES, AT, PD
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Question #9Question #9

�� What does the PWhat does the P--Factor help us understand Factor help us understand 
about project performance?about project performance?

OO How closely the project is following its planHow closely the project is following its plan

OO Why performance has the tendency to Why performance has the tendency to 
become less efficient as EV become less efficient as EV ⇒⇒ BACBAC

OO Improves analysis of true project Improves analysis of true project 
accomplishmentaccomplishment

OO All of the above  All of the above  
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Question #10Question #10

�� How does Effective Earned Value differ How does Effective Earned Value differ 
from Earned Value?from Earned Value?

OO Effective EV ≤ EVEffective EV ≤ EV

OO Effective EV accounts for reworkEffective EV accounts for rework

OO Allows for earlier prediction of final project Allows for earlier prediction of final project 
outcomeoutcome

OO All of the aboveAll of the above

OO None of the aboveNone of the above
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WrapWrap--Up Up 
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Wrap UpWrap Up

�� Derived from EVM data … onlyDerived from EVM data … only

�� Provides timeProvides time--based schedule indicatorsbased schedule indicators

�� Indicators do not fail for late finish projectsIndicators do not fail for late finish projects

�� Application is scalable up/down, just as is EVMApplication is scalable up/down, just as is EVM

�� Schedule prediction is better than any other EVM Schedule prediction is better than any other EVM 

method presently usedmethod presently used
�� SPI(t) behaves similarly  to CPISPI(t) behaves similarly  to CPI

�� IEAC(t) = PD / SPI(t) behaves similarly to IEAC(t) = PD / SPI(t) behaves similarly to 

IEAC = BAC / CPIIEAC = BAC / CPI
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Wrap UpWrap Up

�� Schedule prediction Schedule prediction –– much easier and possibly much easier and possibly 

better than “bottomsbetter than “bottoms--up” schedule analysisup” schedule analysis

�� Facilitates bridging EVM to schedule analysisFacilitates bridging EVM to schedule analysis

�� Identification of Constraints / Impediments and Identification of Constraints / Impediments and 

ReworkRework

�� Calculation of Schedule AdherenceCalculation of Schedule Adherence

�� Creation of Effective Earned ValueCreation of Effective Earned Value

Leads to improved Leads to improved 

Schedule & Cost ForecastingSchedule & Cost Forecasting
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ConclusionConclusion

�� ““Whatever can be done using EVM for Whatever can be done using EVM for 

Cost Analysis can also be done using Cost Analysis can also be done using 

Earned Schedule for Schedule Analysis”Earned Schedule for Schedule Analysis”

�� Earned ScheduleEarned Schedule

�� A powerful new dimension to Integrated A powerful new dimension to Integrated 

Project Performance Management (IPPM) Project Performance Management (IPPM) 

�� A breakthrough in theory and applicationA breakthrough in theory and application

the first scheduling system
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