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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document provides guidance when implementing an earned value management system based on
[SO 21508. This document shows how an organization can take a systematic approach to implement and
maintain an earned value management system that enables improved project and programme management.
This documentis notintended to be prescriptive; each organization should determine its approach for earned
value management and to what extent the organization should adopt ISO 21508. Users are encouraged to

use this doc

ument along with ISO 21508.

This document provides guidance to users either establishing or maintaining an earned value

manageme

nt system.

The textin
value manj

a) generg
b) guidarn
c) practig

The examy
necessarily
improving
and metho

Earned value management tools and methods are sustainable@nd useful, when they are integr3

an organiz
This docun

a)

practif
manag

b)
9
d)
e)
f)

manag
projec
projec
acader

develo

pers of national stahdards, organizational standards and public policy.

eachclause s topicatty arrangedtoassist the orgamizatiom imestablishimgor improving
hgement system. The topics are arranged in the following order:

l introduction to the material contained in the clause;
ce on how an organization can approach the subject;
al tools, methods, strategies and examples.

les and approaches presented in this document are for illustrative purposes only, 3
r suitable for every organization, project or programme, If)‘implementing, mair
an earned value management system, it is important that organizations select appros
s appropriate to their needs and governance framework;

htion’s overall governance for projects and programmes.
nent is applicable to:

ioners and professionals of earned value management, project management, f
ement and portfolio management;

ement, sponsors and other governing bodies overseeing projects, programmes, and pd
[, programme and portfolio management office professionals;
[, programme and portfoliostakeholders;

nia including faculty,students and researchers;

rits earned

nd are not
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International Standard

ISO 21512

:2024(en)

Project, programme and portfolio management — Earned
value management implementation guidance

1 Scope

This document Spec1f1es guldance and examples for establlshmg, lmplementmg and malntalnmg an earned

value mang
value manj

This docur
higher tier

1gement as set forth in ISO 21508: 2018 ThlS document can be used by any orgamzatl

hent is aligned with and complements the information contained in ISO 21508:2018 w
international standard and companion document for this document.

Further gulidance on project, programme and governance and other related guidance are set out

standards.

2 Norm

The follow
requireme
the latest ¢

ISO/TR 21
1SO 21508;

3 Term
For the pui
ISO and IE
ISO On

IEC El¢

3.1 Terr

3.1.1
100 % rul

ative references

ng documents are referred to in the text in such a way that'some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any am¥¢adments) applies.

06, Project, programme and portfolio management — Vocabulary

2018, Earned value management in project aid programme management

s, definitions and abbreviated-terms
poses of this document, the terms'and definitions given in ISO/TR 21506 and ISO 215

[ maintain terminology databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available‘at https://www.electropedia.org/

ns and definitions

e

conceptco

for earned
DN.

rhich is the

in relevant

ronstitutes
references,

8 apply.

2]

hcersning the entire work required to be accomplished to achieve the project (3.1.57) or |

brogramme

(3.1.53) sc

pe captured T the work breakdowrnrstructure {3:1:89)

Note 1 to entry: The 100 % rule applies to the parent and child elements. The child-level of decomposition (3.1.23) of a
work breakdown structure element (3.1.90) represents 100 % of the work applicable to the parent-level.

[SOURCE: I

3.1.2
activity

SO 21511:2018, 3.1]

identified piece of work that is required to be undertaken to complete a project (3.1.57) or programme

(3.1.53)

Note 1 to entry: It can also be considered a work element. It is a defined, discrete piece of work.

© IS0 2024 - All rights reserved
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[SOURCE: ISO 21508:2018, 3.1.1, modified — a second sentence has been added to the Note 1 to entry.]

3.1.3
actual cost
costincurred for work performed

Note 1 to entry: Actual cost is also known as “actual cost of work performed”.
[SOURCE: ISO 21508:2018, 3.1.2]

3.1.4
actual time

number of time periods between the actual start date and the date on which the project (3.1.57) data is
reported

3.1.5
agile development

agile appraach

agile management

agile projeft management
agile progfamme management
iterative approach to project (3.1.57) and programme (3.1.53) planning @nd implementatiop to allow
continuoud adaptation for the delivery of scope and the final deliverable or*outcome

3.1.6
baseline
reference hasis for comparison against which performance is monitored and controlled

[SOURCE: ISO 21502:2020, 3.1]

3.1.7
baseline pllan
tool to facilitate the comparison against which performance is monitored and controlled

3.1.8
basis of estimate
documentdtion that supports the calculation of resources required to perform activities

3.19
budget at completion
total forecasted cost for accomplishing the work related to a work package (3.1.91), activity (3.1.2)) or control
account (3/1.11)

[SOURCE: ISO 21508:2048,/3.1.3]

3.1.10
change orfer
documentdtion to alter the baseline (3.1.6) of a project (3.1.57) or programme (3.1.53)

Note 1 to entry—BDocumrentatiom prior tothe formmat change order s ofterreferredtoas a basetime tirange proposal or
a change request.

3.1.11

control account

management control point (3.1.15) where scope, budget, actual cost (3.1.3) and schedule of a project (3.1.57)
or programme (3.1.53), work package (3.1.91) or activity (3.1.2) are integrated

[SOURCE: ISO 21508:2018, 3.1.4]

© IS0 2024 - All rights reserved
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control account manager
cost account manager
person with the authority and responsibility to manage a management control point (3.1.15) where cost and
scope are integrated and compared to the designated performance metrics for earned value (3.1.26)

3.1.13

control account plan
cost account plan

manageme

3.1.14
control pe

nt tool for organizing work within one or more work or planning packages (3.1.91)

riod

established time frame in which the actual project (3.1.57) or programme (3.1.53) results are com|
the performance measurement baseline (3.1.51) to assess performance and take management actio

3.1.15

control pdint

point in t

processes of project (3.1.57) or programme management (3.1.54) that\cah serve as|

time or gatle and can be further defined by one or more individual activities (3.1.2)

3.1.16

correctivd action

direction
[SOURCE: I
3.1.17

d activity (3.1.2) for modifying the performance of work todring performance in line

SO/TR 21506:2018, 3.15]

cost management system

set of tools

3.1.18
cost perfo
measure o

3.1.19
cost varia
measure o

Note 1 to en

3.1.20

critical ch|
scheduling
resource a

3.1.21

for estimating, allocating and controlling costs in a project (3.1.57) or programme (3.1.

rmance index
[ the actual cost (3.1.3) efficiency of aproject (3.1.57) or programme (3.1.53)

nce
cost performance on a preject (3.1.57) or programme (3.1.53)

try: Actual cost compared«to planned cost.

pin project management

method for/planning and managing a project (3.1.57) or programme (3.1.53) that f
railability to~complete project or programme activities (3.1.2)

critical p
sequence

h

pared with

h, if needed

a decision

with a plan

.53)

pcusses on

f-activities (3.1.2) that determines the earliest possible completion date for a proje

Ct (3.1.57),

programme (3.1.53) or phase

[SOURCE: I
3.1.22

SO 21502:2020, 3.8, modified — "programme" has been added to the definition.]

data tracing
activity (3.1.2) of end-to-end to performance data quality checks

© IS0 2024 - All rights reserved
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3.1.23

decomposition

iterative process to incorporate an increased level of detail as identified during the lifecycle (3.1.43) of a
project (3.1.57) or programme (3.1.53)

Note 1 to entry: Decomposition can be accomplished through a hierarchal, functional or other method to achieve a
manageable set of elements.

3.1.24

demonstration review

check for compliance with the governance (3.1.35) of earned value (3.1.26) criteria on a new or modified
earned value management system (3.1.30)

3.1.25
earned schedule
time-based technique used to provide status and predictions regarding the schedule, using eanned value data

Note 1 to entry: Earned schedule is analogous to the use of cost to determine earned value.

Note 2 to entry: Earned schedule is also a measure of the number of time periods in the performance measurement
baseline (3.1.51) in which the earned value is greater than the planned value (3.1.52).

3.1.26
earned vajue
value of completed work expressed in terms of the budget assigned to-tiat work

Note 1 to entry: Earned value is also known as budgeted cost of work performed.
[SOURCE: ISO 21508:2018, 3.1.5]

3.1.27
earned vajue management
method thpt integrates the project (3.1.57) or programme (3.1.53) scope, actual cost (3.1.3), Budget, and
schedule far the assessment of progress and perfefmance

[SOURCE: ISO 21508:2018, 3.1.6]

3.1.28
earned vajue management methodology
approach that permits progress achieved to be objectively measured

3.1.29
earned vajue management planning
delineation of steps, methpds and reporting necessary for the creation and tracking of the pgrformance
measureme@nt baseline (.1.51)

3.1.30
earned vajlue mahagement system
earned valpie-nmtanagement tool

selected toolséetthat integrates the project (Q ] ':'7) or programme (Q ] ':Q) scope; actual cost (ﬂg), budget’

and schedule for assessment of progress and performance

3.1.31

earned value measurement

earned value metrics

metrics used to determine the earned value (3.1.26) of projects (3.1.57) or integrated programmes (3.1.53)

3.1.32

estimate at completion

forecasted total cost to accomplish the work on a project (3.1.57), programme (3.1.53), work package (3.1.91)
or activity (3.1.2)

[SOURCE: ISO 21508:2018, 3.1.7]

© IS0 2024 - All rights reserved
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estimate t
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o completion

forecasted cost of the work remaining in a project (3.1.57), programme (3.1.53), work package (3.1.91) or
activity (3.1.2)

[SOURCE: I
3.1.34

S0 21508:2018, 3.1.8]

feeding buffer
time cushion placed at the end of a sequence of tasks that lead into the critical chain

3.1.35

governance

principles,
[SOURCE: I

3.1.36
integratec
assessmen

poticiesamd framework by which armrorgamization s directed amd comtrotted

S0 21502:2020, 3.10]

| baseline review
L to establish a common understanding of the performance measurement baseline

verification of the technical content of the project (3.1.57) or programme (3.1.53)

[SOURCE: |

3.1.37

integratec
document
(3.1.6) rev

3.1.38
issue
event that
programm|

[SOURCE: |

3.1.39
issue regi
document

3.1.40
lag
attribute a

[SOURCE: |

3.1.41
lead
attribute a

S0 21508:2018, 3.1.9]

| baseline review handbook
that compiles guidance for the preparation, condu€t. and closeout of an integratg
ew

arises during a project (3.1.57) or programime (3.1.53) needing resolution for the
e to proceed

SO 21502:2020, 3.11, modified — "or;programme” has been added to the definition.]

ster
fo record issues (3.1.38), responses and other relevant issue information

pplied to a logicalvelationship to delay the start or end of an activity (3.1.2)
SO/TR 21506:2018, 3.28]

3.1.51) for

bd baseline

project or

pplied to a logical relationship to advance the start or end of an activity (3.1.2)

[SOURCE: 1
3.1.42

SO/TR 21506:2018, 3.29]

lessons learned
knowledge gained throughout a project (3.1.57), programme (3.1.53) or portfolio that shows how events
were addressed or should be addressed for the purpose of improving future performance

[SOURCE: I

3.1.43
lifecycle

SO/TR 21506:2018, 3.30]

systematic and organized grouping or staging of necessary activities (3.1.2) to be completed to provide the
expected deliverable or outcome of a project (3.1.57) or programme (3.1.53)

© IS0 2024 - All rights reserved
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management reserve
amount of budget or schedule external to the performance measurement baseline (3.1.51), withheld for
management control in response to unforeseen events or activities (3.1.2) that are a part of the scope

[SOURCE: I

3.1.45
milestone
significant

[SOURCE: I
3.1.46

S0 21508:2018, 3.1.10, modified — "or schedule" has been added to the definition.]

planned, or to be planned, point in a project (3.1.57), programme (3.1.53) or portfolio
SO/TR 21506:2018, 3.34]

organizat
decomposit

onal breakdown structure
ion (3.1.23) of the management team of an organization or decomposition of the/m

team that performs the work of a project (3.1.57) or programme (3.1.53)

Note 1 to ¢
illustrate th
perform thg

[SOURCE: I

3.1.47
parent ele
work that i

[SOURCE: ]
3.1.48

ntry: The organizational breakdown structure can include partnering or sub&ontracting. I
e relationship between project and programme activities and the organizational‘units that wi
work activities.

SO 21511:2018, 3.5]

ment
s decomposed into two or more lower level elements of work

SO 21511:2018, 3.6, modified — Note 1 to entry has been deleted.]

performance management framework

basis for
performan|

3.1.49

the assignment of management responsibility for project (3.1.57) or programnj
Cce to the project or programme management (3.1.54) team

performance management methodology

formalized|

3.1.50

methods governing earned value management (3.1.27)

performance measurement

quantitatiy
[SOURCE: ]
3.1.51

e units of measurefhat are placed to track progress

SO 21508:2018,371.12]

performance measurement baseline

total time-
performan

phased-scope of work and budget plan against which project (3.1.57) or programi
ce-is'measured, not including management reserve (3.1.44)

Anagement

[t is used to
I manage or

e (3.1.53)

ne (3.1.53)

[SOURCE: I
3.1.52

S0 21508:2018, 3.1.13]

planned value
time-phased budget (3.1.80) authorized for the work scheduled

Note 1 to entry: Planned value is also known as budgeted cost of work scheduled.

[SOURCE: I

SO 21508:2018, 3.1.14]
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programme
group of programme elements managed in a coordinated way to realize benefits

[SOURCE: I
3.1.54

SO/TR 21506:2018, 3.50]

programme management
coordinated activities (3.1.2) to direct and control the realization of identified benefits and deliverables

[SOURCE: I

3.1.55
program

S0 21504:2022, 3.11]

person apy

benefits, oyitcomes and deliverables

[SOURCE: |

3.1.56

progressi)
progressiv
iterative p1
(3.1.57) or

[SOURCE: ]

3.1.57
project
temporary|

[SOURCE: I
3.1.58

project management

coordinate

[SOURCE:
definition.]

3.1.59
project m{
office esta
delivery of]

Note 1 to en

3.1.60
project m{

IO © T

ointed with the accountability and responsibility of the programme (3.1.53) to realizs

SO/TR 21506:2018, 3.55, modified — "outcomes" has been added to the definition.]

fe elaboration

e decomposition

ocess to incorporate an increased level of details identified during the lifecycle (3.1.43)
programme (3.1.53)

SO/TR 21506:2018, 3.58]

endeavour created to produce agreed deliverables

SO/TR 21506:2018, 3.59]

d activities (3.1.2) to direct and centrol the accomplishment of agreed objectives

SO/TR 21506:2018, 3.61, medified — "deliverables" has been changed to "objecti

inagement office
plished to provide,guidance, assistance and documentation to assist in the impleme|
a project (3.1.57)

try: Such,offices can also be established at the programme (3.1.53) level.

Anager

b identified

of a project

yes" in the

tation and

person apy

ointed to lead the prnjar‘f‘ ('2 1 ':7) team and to be accountable and rpcpnncih]n for tH

agreed objectives

e project's

[SOURCE: ISO/TR 21506:2018, 3.63, modified — "deliverables" has been changed to "objectives" in the

definition.]

3.1.61

project plan

project ma

nagement plan

documented description of the technical and management baselines (3.1.6) to be followed for a project

(3.1.57)

[SOURCE: ISO/TR 21506:2018, 3.64, modified — the admitted term "project management plan” has been added.]
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quality assurance
planned and systematic procedures necessary to provide adequate confidence that a process, measurement
or service satisfies given requirements for quality

[SOURCE: ISO/TR 21506:2018, 3.67, modified — “actions” has been changed to “procedures” in the

definition.]

3.1.63

quality control
monitoring specific results to determine compliance to quality assurance (3.1.62) and other relevant

standards a

[SOURCE:
“conformit]

3.1.64
residual r
estimated

3.1.65

resource |
identificati
programmy{

Note 1 to en

3.1.66

responsib
documente
of scope or

[SOURCE: |

3.1.67
risk
uncertain ¢

[SOURCE: ]

3.1.68
risk assur
processes
programmy{

3.1.69

risk contingencyreserve

estimated

nd to identify the steps to eliminate unsatisfactory performance

y with” has been changed to “compliance to quality assurance and other” in the defini

sk
evel of risk (3.1.67) remaining after completion of approved risk treatment.actions (3.1

loading
on of the project (3.1.57) resources needed to complete the work identified for the
P (3.1.53)

try: Often bounded by hours available for personnel, contract €erms and conditions or material

flity assignment matrix
d structure that shows the allocation of delegated work responsibilities designated f
benefits

SO 21511:2018, 3.10]

bvent or set of events with a poteritial positive or negative impact

SO 21505:2017, 3.3]

ance
and actions needed to provide the knowledge and confidence that the project
P (3.1.53) can-deliver on the investment

Funding for the management of identified risks (3.1.67)

fforing” and

ion.]

.72)

project or

availability.

pr delivery

[3.1.57) or

Note 1 to er
cover identi

3.1.70

try—Riskcontingency reserve cam beaddedto the project s {3:1-57 ) estimmates for tost; sctiredu
fied risks, where the use of management reserve (3.1.44) is not allowed.

risk exposure
potential level of impact on cost, schedule, or both that can be incurred if risks (3.1.67) occur

e or both to

Note 1 to entry: The estimate of risk exposure can include emergent risk, as yet unknown, but based on previous

known risk

criteria.
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risk register

risk log

documentation for recording identified risks (3.1.67), risk analysis, and risk treatment actions (3.1.72), as
well as other necessary information for managing risks on a project (3.1.57) or programme (3.1.53)

3.1.72

risk treatment action
documented response to respond to an identified risk (3.1.67)

Note 1 to en

3.1.73

try: Risk treatment actions include preventative, mitigation, fallback and recovery actions.

rolling w
form of prg

[SOURCE: ]
3.1.74

ve plamming
gressive elaboration (3.1.56) where planning is accomplished in phases or time period

SO 21511:2018, 3.12]

schedule huffer

time insert

3.1.75

ed into the schedule at identified points to absorb unforeseen delays

schedule performance index

measure o
performan|

3.1.76
sponsor
person res

Note 1 to e
(3.1.57) or

[SOURCE: ]

3.1.77

stakehold
person, gr
by any asp

[SOURCE: |

3.1.78
surveillan
periodic ch
(3.1.35) cr

3.1.79

how close the project (3.1.57) or programme (3.1.53) is to.completion compared to th
ce measurement baseline (3.1.6)

ponsible for obtaining the resources and executive decisions to enable success

htry: In some organizations, the sponsor alsolyas the responsibility to promote and protect
rogramme (3.1.53).

SO 21502:2020, 3.26, modified — Nete 1 to entry has been added.]

er
up or organization that hasjinterests in, can affect, be affected by or perceive itself to
bct of the project (3.1.57) or programme (3.1.53)

SO 21502:2020, 3.27)modified — "or portfolio" has been deleted.]

ce review
eck to confirm the earned value management system (3.1.30) is continuing to meet the
teria

b

e approved

the project

be affected

yjovernance

task ordetr

documentation for specific services placed against an established contract

3.1.80
time-phas

ed budget

planning tool that focuses on the sequence and timing of the project (3.1.57) or programme (3.1.53)

implement

3.1.81

ation

to complete cost performance index
metric to calculate the cost efficiency and financial effectiveness of a project (3.1.57) or programme (3.1.53)

© IS0 2024 - All rights reserved
9


https://standardsiso.com/api/?name=a7d3a90d98f1b28ac992fdb8b09b8118

ISO 21512:2024(en)

3.1.82
to complete performance index
comparative metric to determine whether the estimate at completion (3.1.32) is reasonable

Note 1 to entry: Also defined as the computation of future required cost efficiency necessary to achieve the target
estimate at completion.

3.1.83
uncertainty
amount of potential variation of an activity’s (3.1.2) cost or duration due to an estimating error

3.1.84
undistributed budget

tf | RO | Llealo ool L1 I RPN I 1Y P L2 1 14
COSt IOor augmoriZzeaworktiat mas ot oeeratstrivtureatoacontroraccottit (oL L)

[SOURCE: ISO 21508:2018, 3.1.17]

3.1.85
variance
difference petween the baseline (3.1.6) and the actual performance

3.1.86
variance dt completion
difference petween budget at completion (3.1.9) and estimate at completion(3.1.32)

[SOURCE: ISO/TR 21506:2018, 3.86]

3.1.87
variance threshold
prior agree¢d upon amount of difference to be allowed befoxé an action can be needed

Note 1 to enftry: Variance threshold is generally expressed-a&a percentage of deviation from the baseline (B.1.6).

3.1.88
work authorisation document
part of a system to facilitate approval of workithroughout the project (3.1.57) or programme (3.1.53)

3.1.89
work breakdown structure
decomposition (3.1.23) of the defin€éd-scope of the project (3.1.57) or programme (3.1.53) into progressively
lower-levels consisting of elements of work

[SOURCE: IISO 21502:2020, 3.29]
Note 1 to entry: Conceptualwork breakdown structure is one that precedes the project or programme authorization.

3.1.90
work bregdkdowsistructure element
work at a designated level that is either a parent element (3.1.47) or a child

[SOURCE: ISO 21511:2018, 3.15]

3.191
work package
one or more groups of related activities that are within the control account (3.1.11)

[SOURCE: ISO 21508:2018, 3.1.19]

3.2 Abbreviated terms

The following abbreviated terms are used in this document.
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AT actual time

AC actual cost

BAC budget at completion

CA control account

CAD computer-aided design
CAM control account manager
CPI cost performance index
Cv cost variance

CPLI critical path length index
ES earned schedule

EV earned value

EVM earned value management
EVMS earned value management system
EAC estimate at completion
ETC estimate to completion

[EAC(t) independent estimate at completion (time)

IECD independent estimate of completion date
IBR integrated baseline review

PCSD project control system description

PD planned duration

PF planned finished date

PMB performance nfeasurement baseline

PV planned value

PM projeckmanager

SPI schedule performance index

SPI(t) schedule performance index (time)

SV(t) schedule variance (time)

TCPI to complete performance index

TSPI to complete schedule performance index
VAC(Y) variance at completion (time)

WBS work breakdown structure

WP work package

© IS0 2024 - All rights reserved
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4 Overview of earned value management

4.1 Overview

Clause 4 describes earned value management within the context of an organization conducting project and
programme management. Clause 4 offers an explanation of the overall method of earned value management
and what the method is intended to produce to enable better performance and performance measurement.

4.2 Earned value management

The earned value management methods should allow the comparison of the work completed in the project
or programme with a baseline budget, as a measurement of how the project or programme is performing.

In other wj|
what work
Further, it
an estimat
end of the |
the project

NOTE
processes t

]

The objecti
be to prov
monitored

4.3 Purj

431 Th

or programmel®l. The analysis improves the situational awareness of project or programme staf

assessmen
implement|

Once desig
including ¢
of the stat
vocabulary

4.3.2 Th
a) object
b) data fd
9]

systen

brds, what work was planned, at a specitic control point, to have been done, the plar
has been done, the earned value; and, what resources were used to do that work, the

hould include an analysis of metrics using earned value management indices andvar
e or forecast of the cumulative cost and schedule and that can include management reg
project. Earned value management is a methodology that uses a designated approach 4
s or programme’s scope of work with schedule and cost elements for planning and corn

lethodology is the overall study of how the methods or actions are done. Methods are tH
be applied within the methodology.

ves of earned value management can vary depending on the context. One common objed
de objective quantification of progress and productivity.<This progress and producti
at a variety of levels, including work package, control acceunt, project and programme

pose and benefits of earned value management

e purpose of earned value management shoyld be to provide control and analysis of

L of the cost, schedule and technical petformance. Corrective actions can then be de
ed, as needed.

ned and implemented, an earned value management system should provide intern
locumentation and project and:programme processes. The system can include com

1s from pre-established mettics, corrective action development, and a common fram
(6],

e application of earried value management should result in three overall benefits:
ve performance/measurement techniques;
r project Oy programme management decisions;

) toan@nitor the project or programmel®l,

ned value;
ictual cost.
ances, and
erve at the
o integrate
trol.

e tools and

tive should
ity can be
levels.

the project
us and the
signed and

h] controls,
munication
ework and

4.3.3 The specilic benefits of earned value management can include:

a)
b)

forecasts of future performance and estimates at completion based on past performance;

between or among organizations;

9
d)
e)
f)

compil

compa

development of budgets and baselines;

ation of estimates;

consistent objective measurement of completion for work packages;

rison of work performed against planned performance and budget;
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ve measurement of risk contingency reserve;

ication of inconsistencies in the metrics in earned value reports;

consistent reporting and performance measurement framework;

ented analysis that enables timely and reliable estimate at completion[él.

ation considerations for an earned value management system

4.4.1 The organization should select a tool for its earned value management system that meets the needs
of its projects and programmes. Other considerations can include:

a) thene
b)
0

d)

the eaf
the ne
the ne

An earned
consistent

bd to meet contract or customer specifications for the system;

e of use by the project or programme management teams;

bd for access by stakeholders;

pd for the data to be easily imported from or exported to other systems.

value management system should provide for consistent performance metrics. Tq
view of performance metrics, the system should integrate the baselines established for

achieve a
the project

or programme, including the scope of work that should be defined through the work breakdown structure

and perfor

mance measurement baseline. The system should also allew, for formal, controlled ind

of changes|

earned value management system should be documented, accessible, kept up-to-date and rev
periodic arnld need basis.

To implempnt an earned value management system, the, project’s or programme’s control met

in baselines, authorized users and proceduresl®l. The procedures and policies that

orporation
covern the
ewed on a

rics should

be accessible and understood by the persons withinsthe organization or organizations perfgrming the

work. The| system should be established to allow-Systematic review of the data, common {
methodologies, targeted levels of performancexand an assessment feedback process. The s

be tailore
organizati

The essent
actual cosf]
manageme

To implem
as the cust
agreement]
value and

considerat

The reviey

to accommodate different projectlor programme process area integration, morg
n reporting, and other tailoring,.

ial data contained in an earned value management system should be the earned
, the planned value, the estimate to completion and the budget at completion. The ea
nt system should be ablé to’show the planned status, as well as the actual statuslel.

ent an earned valuetmanagement system, the performing organization or organizatig
omers and other-stakeholders as determined to need the information, should have
on the assignment of value and performance. The common agreement on the ass
berformance<an be tailored for the project or programme based on organizational
ons.

; of metrics of performance should be accomplished on a regular, scheduled basis t
h@nd analysis of performancel®l.

ssessment
ystem can
» than one

value, the
rned value

ns, as well
a common
gnment of
br contract

b allow for

compariso
44.2 An
a)
b)
Cc) measu
d) report
e)
f)

earned value management system should be able to do the following:

determine what work is to be accomplished, by whom and when;

establish resource requirements;

re work achievement and record associated costs;

deviations from the plan for which metrics have been established;

forecast the completion date and cost;

plan and implement corrective and preventive action plans;
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g) authorize scope changes; any approved changes to the prior approved baselines contained in
value management system should be controlled, traceable and documented!(®l.

4.5 Earned value management planning

4.5.1 Earned value management planning should enable:

the earned

a) establishing of individual project or programme objectives;

b) establishing the integrated view of the planning of the set of projects or programmes;

¢) monitoring of progress to measure deviations from the plan;

d) plannipg by the users of the performance management system for objective assessment of pr

use of fesourceslé].

Earned value management planning should begin with planning of the project or programme
earned value management analysis and reporting. Items that can be considered during the j
projects and programmes include modifying report formats and allowing for the-tis¢ of agile d¢
approaches.

ogress and

to support
lanning of
velopment

Establishing an earned value management system to meet customer needs,or.establishing the initial earned

value manpgement system for an organization not currently using a system can be conside
planning. To enable the planning, preparation of the earned value management system should beg
as possiblg, following the approval of the business case or similar/husiness objective document
preparatiop should involve an iterative process to provide for the needs of the various stakehol
system and reporting.

Planning the use of an earned value management system fr*a specific project or programme sh
with the preliminary work breakdown structure. Oncetthe preliminary work breakdown stru
place, it should provide the framework for integratifig management systems, developing sch
accumulating performance information.

4.5.2 De
terms, the

a)
b)
)
d)
e)
f)

Imanagement systems and eleménts of the project or programme should include:
plan of the project or programme,iincluding the statement of work;
organigzational breakdown strueture;
resporjsibility assignmentmatrix;
earned value management system selected tool;
organigzationalgovernance procedures and processes;

financjal system;

red during
rin, as soon
ation. This
ders of the

ould begin
cture is in
bdules and

pending upon the specific projectlor programme governance of the organization ¢r contract

g) cost models;

h)
i)

During earned value management planning, disconnects and mismatches among various systems

earned value management system analysis and reporting procedures and processes;

risk analysis, including any risk analysis found in the business case or similar documentation.

for project

and programme management, such as financial systems, should be eliminated or minimized. Eliminating

such inconsistencies should result in estimates, budgets, schedules, costs and other measures to
the approved work breakdown structure. This earned value management planning action sho

align with
uld reduce

workarounds and reconciliations that can be necessitated to obtain reliable data for decision-making.

For programme management, the work breakdown structures for each project should be

the same

structure through the lowest level of breakdown required under the organization’s project and programme
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management governance documentationlZl. Further, common coding of the work breakdown elements
will facilitate reporting and communication among the stakeholders. Subcontractor, partners, and other
contributing organizations should use this approach for earned value management. This approach is
necessary during the planning of earned value management to facilitate the development of the preliminary
information management system and the selection and initialisation of the earned value management tools.

4.6 Using earned value measurements and performance metrics

4.6.1 Earned value measurements should be used to determine performance metrics to assess the status
of a project or programme at a selected point in time. These metrics should enable informed decisions
about the management of the project or programme. The metrics derived can be used to compare actual
cost and schedule performance with the approved performance measurement baseline. The performance

measurem
exceeded i

4.6.2 Th

a)
b) overb

ahead

4.6.3 Th
initial ques

a) What

bnt baseline should be used to establish variance thresholds for cost and schedule
Hentify significant variances for further analysis and management attentionlél,

e two major elements for variance analysis are whether the project or prognamme is:
pf schedule versus behind schedule;

ldget versus under budget.

bse two project or programme performance factors have a direct impact on the totd
tions to be asked should be:

ill be the total cost if the project or programme is ahead of schedule, but costs are I
ed?

vill be the total cost if the project or programmie is behind schedule, but costs are
ed?

e information acquired by using the earned value performance measurements should

ss of a project or programme;

ss towards work accomplished;

ption of the deliverables:

ss towards delivery-of a project or programmel®l;
ccomplished-as.earned value compared with work planned;

ccomplished as earned value compared with actual costs;

expect]
b) What

expect
4.6.4 Th
determine
a) progre
b) progre
c) complé
d) progre
e) work3
f) work4
g) root c

huses\of performance variances, corrective actions needed and impacts to the perf

remairlling work.

that when

I cost. The

igher than

ower than

be used to

rmance of

4.6.5 The information should also be used to forecast future performance. The data to establish a
performance forecast for a project or programme based on historical performance should include:

a)
b)
c) varian
d) tocom

estimate to completion;

estimate at completion;

ce at completion;

plete performance index/el.
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5 Implementation of the earned value management process steps

5.1 Overview

The earned value management process steps are shown in Figure 1 to illustrate one view of the process
steps for earned value management. Each process step is defined and the guidance for each step is set forth
in the clause or subclause related to the process step in Figure 1.

1. Decompose the
project or programme

7. Authorize and
perform the work

Scobe
P

!

|

8. Accumulate and report
performance data

. !

9. AnalySe performance
data

2. Assign responsibility

3. Schedule the work

! !

4. Develop time-phased
budget

10. Take management
action

! 1

5. Assign objective
measures of

11. Maintain the

performance baseline
!
6. Set the performance
measuremeritbaseline
Plan the work Work the plan

NOTE1 S$téps 3,4 and 5 are performed iteratively.

NOTE 2  Notall relationships are shown in this figure.
Figure 1 — Example of the earned value management process stepsl(®l

The earned value management process steps can be used to establish a performance management
methodology.
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5.2 Step 1: Decompose the project or programme scope

5.2.1 Introduction

The work breakdown structure developed from the decomposition of a project or programme can be
represented by several different approaches. The work breakdown structure can be decomposed as
deliverable-oriented, result-oriented, product-oriented, location-oriented, functional-oriented, process-
oriented, phase-oriented, capability-oriented, or a combination. In addition, depending on the lifecycle, the
work breakdown structure should be defined by the requirements that define the project or programme

and its deliverylZl.

5.2.2 Co

The work h
of the proj
type of pro
scope, orga
be flexible

NOTE ]
it will be dg
modified m

The work
frameworK
decomposi
phases, st3
the work ¢
partnershi

5.2.3

The work H
deliverable
structure ¢
high-visibi

The creati
conjunctio
processes §
including e

a) top-do

breakd

b)
a hierg

9
The level o

EXAMPLE

Work breakdown structure creation

bottom-up identification of elements of scope and merging, categorizing and ordering those ¢

ntext

reakdown structure should be tailored to the objectives and the approved and docume
pct or programme. The work breakdown structure should take into account thelindu
ject or programme, and other factors. Other factors can include project phases; major d
nization performing the work and location of resources. The work breakdowh struct
enough to accommodate alternative ways of organizing and representing.the work.

'he work breakdown structure represents not only the way work is planfied and managed, b
livered, in other words, incremental or progressive elaboration, iterative) agile, or any othe
bthod.

breakdown structure should be used throughout the project or programme to es
for the management of the work. The structure should provide a logical fra
ng 100 % of the work defined by the scope or of the work elements at any given p
ges or other pre-determined interval in time durtag the lifecyclelZl. Depending on
an be accomplished by a single organization or.multiple organizations, such as a sub
p or other limited agreement to achieve the scope:

reakdown structure should be based!en approved and documented requirements of th
s, outcomes or benefits and the gevernance of the project or programme. Certain work
lements can be defined to a lowerlevel than others under conditions such as: high-cost
ity or when involving multiple stakeholders.

bn of a work breakdown,sStructure can be accomplished by using one of three apq
h with the appropriatéjorganization, project or programme governance, procedures, f
roverning work bréakdown structures and the integration with the other management
arned value mafragement:

wn identification of the end deliverable, followed by successive subdivision off
own stracture elements into detailed and manageable units;

rchy;

nted needs
btry sector,
bliverables,
ure should

ut also how
- method or

tablish the
ework for

cr)rirnt, such as

the scope,
contractor,

e expected
breakdown
, high-risk,

roaches in
olicies and
processes,

the work

rlements in

a combination of top-down and bottom-up approach!Zl.

f detail provided by the initial work breakdown structure can vary.

Using progressive elaboration, a review of the work breakdown structure can be conducted by

checking that each element represents the appropriate level of detail per the governance for the project or programme.

A prior work breakdown structure can be helpful in identifying the breakdown of the scope of work for
a new project or programme, where similar work and activities have been done in the past or where the
format of the work breakdown structure is similar.
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5.2.4 Decomposition

A conceptual work breakdown structure can be created during the business case or similar documentation
process and can be re-evaluated or further decomposed once the project or programme is authorized. The
conceptual work breakdown structure should be updated as soon as the project or programme is authorized.
If a conceptual work breakdown structure was not created, one should be created as soon as the work
scope elements are understood for the phase, stage, other interval designated or for the complete project or

programme. Once developed, the work breakdown structure should:

a) provide a basis for gathering cost data across projects and programmes and be correlated with the cost
management system,;

b) serve to maintain the breakdown of the scope;

c) allow for status to be continuously visible and integrated;

d) serve to facilitate communication among project or programme team members, as.well ag with both
internal and external stakeholders, such as customers and suppliers;

e) provi:]: for the allocation of resources according to the work breakdown strueture elements|identified;

f) provide for maintaining and updating, as needed, until the final deliverables have been completed,
delivered, or transitioned to the customer.

5.2.5 100 % rule

Whether tIe effort and resources can be associated with the element to be supported is importgnt to work

breakdown structure development. If the association can béimade, the effort and resources| should be

included wjithin that element. Under the 100 % rule of the wotk breakdown structure, the sum of vork at the

child-level should be the total work at the parent-level.

The various options to create parent-child relationships depend on the type of project or progtamme and

the work breakdown structure developed.

Each parent element can have zero child elements or at a minimum two child elements. The work breakdown

structure ghould represent the collective inputs of the project or programme team and relevant stykeholders.

The work preakdown structure should be the agreed upon decomposition of the work to be [performed

by the project or programme team{ Each change made to the work breakdown structure shotfild also be

reviewed \}:ith the management teamm, the identified performing organization and performers yithin that

organization, as well as other stakeholders identified as necessary to the work breakdown process.

These pargnt-child relationships can be combined to create a comprehensive decomposition of the scope of a

project or programme into‘the work breakdown structure.

The benefits of loweérslevel parent-child relationships are:

a) facilitdting eommunication among primary project or programme team members, both irfternal and
externial;

b) assigning stakeholders, such as customers and suppliers; allowing for organizational alignment.

5.2.6 Description of the project or programme work breakdown structure elements

Work breakdown structure elements can become the control points and can be further defined by one or
more individual activities. The development of control points at an appropriate level of detail should enable

the followi

ng:

a) definition of activities in the schedule;

b) elimination of overlaps by providing that a deliverable is represented in only one work breakdown
structure element;
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or partner organizational unit;

element such as changes in:

deliverable;
approved baselines;
personnel;

communication chains, including reporting;

identification of the person responsible, their direct manager and matrix organization, sub-contractor,

identification of the person to facilitate or initiate communication about the work breakdown structure

9]
d)
1y
2)
3)
4)
e) allocat
to proy
5.2.7 Hi
Work bresg

ion of work to the project or programme team by dividing work breakdown structur]
ride for accountability and control.

brarchical decomposition

kdown structures are usually hierarchical in design. Each descending level of

breakdown structure should provide a more detailed definition of the worklZl. Additionally, the W

focused on|
work to be|
stakeholdd

project or programme phases, disciplines or locations. The entiréscope of work sho
done by the project or programme management team, team members, subcontractor
rs.

The work breakdown structure should provide a decomposition of elements to the level necessz:

manage an

Some of th

a) Extencd
structy
the ley
or spe

work |

d communicate the work to meet the objectives, outcomes, deliverables and benefits.
e work breakdown structure process actions are given below.

ling the work breakdown structure to lower levels: The reporting level of the work |
ire depends on the level of interest wher€ work is accomplished. Reporting at le
els of interest should be considered, if the work breakdown elements are high cost
rial interest or any combination of thdse considerations!Zl. For those elements, exten
reakdown structure to lower levels can be necessary to get needed visibility, but onl

elements. Not all work breakdown structure elements should be extended to the lowest level

b) Identif

ying the parent-child relatienship: In some cases, items cannot be specifically associat

element supported.

Software i
system, in
more funct
parent sub
to how the

a critical element thatjis part of a major electronic system and can be the child-level to
other words, a tranismitter. However, depending on how software is developed, it ¢
ionality than justithe identified transmitter. It can, for instance, also include functio
system. In this'case, the software cannot be associated with the specific elements sup
functionality-of the software was built. Without the ability to separate each subsystem

functional

ty, it shquld become appropriate to associate that total software deliverable to the p

electronic gpystemwork breakdown structure. This action should eliminate allocation of the ef

multiple

rK'breakdown structure elements, where it can be difficult to determine what level

each piece jof work should receive.

e elements

the work
york can be
uld include
t and other

ry to plan,

breakdown
vels below

high risk,
sion of the
y for those

bd with the

the parent
an include
hality for a
ported due
s software
arent-level
fort across
of support

5.2.8 Project and programme relationship

Within a programme, the projects, other programmes and other related work should be decomposed in a
similar manner throughout the programme. The programme should become the highest level of the work
breakdown structure. The same parent-child convention should apply to the logical relationships in the
hierarchy. Each project, programme or other related work element under a programme can be developed into
a standalone work breakdown structure that can be represented as a separate work breakdown structure
or part of the combined programme work breakdown structure. This work can come from the organization,
such as operations or through subcontractor agreements.
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Some projects or programmes possibly do not have a fixed scope based on their lifecycle development
approach; therefore, any unknown or undefined scope can be left blank or can be an empty set on the
work breakdown structure diagram. These projects can use agile, progressive elaboration or rolling wave
planning techniques, where the scope is defined as incremental as the project progresses through its
lifecycle. As scope is identified during the life of the project or programme, the identified scope should be
considered within the work breakdown structure, while maintaining the logic flow of the levels of the work
breakdown structure and the parent-child relationship.

5.2.9 Progressive elaboration

Progressive elaboration can entail one, concurrent or successive modifications to the work breakdown
structure. The addition of detail to the work breakdown structure through progresswe elaboratlon should
produce a prore - nanage the
project or rogramme Progresswe elaboratlon can entall one, concurrent or successive mod1f1ca ions to the
work breakdown structurelZl.

NOTE Rolling wave planning is a form of progressive elaboration that is time-based.

5.2.10 Chparacteristics of a work breakdown structure

The chara
programm,

Cteristics of a work breakdown structure should be related t6~the scope of the
e. The following are typical characteristics of a work breakdowntstructure.

project or

NOTE

a)
b)

In the following bullets stands for structure (S) and stands for elentent (E).

S: can he represented by a variety of formats including graphical, eutline and tabular;

E: need b element is

manag

not be decomposed to the same work breakdown structure level but to the level where th
:d;

c¢) E:canh
d)
e)

£)

e assigned to one person, entity, or function tq b€ responsible;

S: should reflect the technical complexity, size, and-ether information, as deemed necessary for the scope;

S: definles the structure of the work and not the processes involved in accomplishing the work;

S or E: provides a hierarchical decompositien of elements, applying the 100 % rule, to the level neces
and manage the work to satisfy the objectives;

sary to plan

SorE:
proced

can be related to scope,/but’not limited to, considerations such as industry standards, or
ires, or contract terms.and-conditions; and

g) ranizational

h) E:assigned a unique identifier to distinguish one element from another.

5.3 Step

5.3.1 Ge|

The assign

2: Assign responsibility

neral

ment of responsibility should be the basis of aligning the work breakdown structut

e with the

roles and responsibilities associated with the organizational, functional, product, capability or other
breakdown structure (see 5.2). This alignment is based on the decomposition of scope into manageable,
measurable work efforts that are assigned a manager to enable work to be accomplished by those
persons, groups or organizations responsible for completing the work assignments, as documented in the
organizational breakdown structure. The organizational breakdown structure should be integrated to form
a responsibility assignment matrix (see Figure 2). The responsibility assignment matrix can be used to
establish a performance management framework for the project or programme management team.

The assignment of responsibility can depend on numerous factors. Depending on how the performing
organization is structured, the assignment can be to a group lead or organizational lead, individual team
member or whatever organization level is dictated by project or programme. These assignments can be
dependent on the industry sector, the country performing the work efforts or the governance documents
within the organization. These roles can also be assigned by discipline or function, in other words,
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engineering, procurement, construction or other organizationally recognized assignment categorization,
including type of project or programme, phase, major deliverables, organization or location of resources.
Responsibility can start within the design phase and carry over into the development, production and even
the sustainment phase, if these efforts are the objectives and needs of the project or programme.

EXAMPLE Responsibility is assigned to mechanical design, electrical design, drafting and checking. The
responsibility is to complete the items assigned through the work breakdown structure within those organizations,
as shown in Figure 2.

The use of the work breakdown structure should allow organizations performing the work scope to be
accountable for their efforts. These organizations can be influenced by departmental, functional, matrix or
external variables or regulatory interfaces, which can affect the work structure and deliverables.

Contract work
T breakdown _
Level 1 ire structure
control
' l
Functional Level 2 | |
organisation Radar Training
structure : 2
~ [ I
Level 3 Receiver Antefon — [WBS
group
17 ~
4 P~
= I ! N
Level 4 . Sidelobe Receiver group
Receiver
canceller software
| | ' | -
=~ _%D Mechanical
g o & design
Q. g I — -
£ = o ! b ! Cpntrol
o o0 [ I I I |
© 5 o b [ adcounts
.| Electrical Control and work
design-\pb-_ account Work pqckages
£ I o I packages
= | | | |
S -
S - Dfafting/ Control Control B
g .
= chlecking account account
¢ = ~ L __
=
NOTE This figure depiets afunctional organization but it can easily be adapted to any other type of organizational
structure.
Figure 2 — Example of a responsibility assignment matrix: Integration of a work breakdown
structure and an organizational structurel18]

5.3.2 Work assignment

Assignment of responsibility should be directly traceable to the decomposition of the work breakdown
structure into work elements and the organizational breakdown structure. Through this process, continuity
of the work breakdown structure and the assignment of responsibility should be aligned to a person or set
of persons within an organization. This assignment of responsibility allows for accountability with approval
and reporting requirements being driven by governance, contract or another managerial stakeholderlZl. In
addition, the assignment of responsibility for scope can serve to facilitate communication among project or
programme team members, as well as with both internal and external stakeholders.

The assignments should also be aligned so that the work elements can be adjusted for conditions such as:
high-cost, high-risk or high-visibility concerns. By providing clear designation within the responsibility
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assignment matrix, inside or outside the project or programme, these interactions can be facilitated. The
assignment of responsibilities should be manageable and proportionate with responsibility of authority
needed to achieve the activity and align with the breakdown of the parent-child relationship[Zl.

5.3.3 Ass

igning responsibility during work breakdown structure decomposition

The work breakdown structure should be one of the first items created. Its decomposition can be created
during the business case or similar document process or early in the project or programme identification
phase. This decomposition should allow for the assignment of responsibility by the organization, project
or programme management team, which addresses lower-levels of detail, specifically the parent-child
relationships. Since the work breakdown structure is a living document or part of a living document,
assignments can be planned or accomplished during progressive elaboration for each phase or stage of the

roaramma arwhan athar conditiane crgata thag noad o nndatatha dociimant

project or

Assigning
approval o

5.3.4 D¢

The projed
as contrac
identified,

The contr¢gl account manager has the responsibility to review the~scope of work and confi

alignment
child relat
acceptance
approved d
should inc
the objecti
support th
performan|

5.3.5
Work pack

a) discre
measu
b) apport
can be

includq

level o
perfor

9

NOTE

Work packages

|

PO S T o T - O vy T S Ot e C oo e oo Cr SoreEerre e e e to—orpaore eSO cere e

the responsibilities for budget in summary, planning or control accounts for-adee}
F responsibility should be assigned at the project or programme level.

scription of the project or programme assignment of responsibility

ual control, should have the responsibility to assign work efforts-to an organization
such as control account managers.

with the work breakdown structure decomposition 6f work through the associaf]

or through formally approved work documents, ‘whether internal or contractual
ontrol account manager is assigned resources, coordination with the integrated plan
ude the assignment of responsibilities based on risk, scope, schedule or perform

e of enabling integration of budget and schedule. This assignment and review proc
Eproject or programme manager in the management of the project budget, cost, sc
Ce.

hges should be identified as.ohe of three types:

e activities: work that(has a specific end product or result that can be directly pl
red;

ioned effort: work that cannot be readily measured or divided into discrete work pa
directly related to the planning and performance on other identified discrete tasks
e quality control and inspection;

F effortesupport or management work that does not result in a specified product or out
mance nor achievement can be measured as there is no tangible output.

btance and

t or programme manager, with either internal organizational contfo] or external control, such

of persons

rm it is in
ed parent-

onships. The control account manager can then accept the responsibility through an informal

. Once the
hnd budget
ance, with
ess should
hedule and

anned and

ckages but
; examples

ut; neither

5.4 Step 3: Schedule the work

54.1 Ge

neral

The schedule for work that identifies activities, durations, milestones and interdependencies at an
appropriate level should be the basis for earned value determinationlél. This basis means the activities
should be identified at or below the level of the work breakdown structure. This identification of activities
needs accurate time phasing of planned work that should be integrated with the scope, schedule and cost of

the progra

mme.
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Work scope should align to the earned value management structure through the decomposition of scope
into work breakdown structure elements with assigned activities and milestones. These milestones should
reflect the interdependencies and constraints, with planning for potential risk and risk treatment actions.
Through the assignment of activity durations, resource loading of control accounts can be completed to

allow for resource levelling and validation of the expected value.

NOTE

The same process can be done using planning packages.

The final step of scheduling should be to validate the critical path in alignment to the integrated baseline, so
that the project or programme manager and control account managers can approve a time-phased budget
baseline. This scheduling of work should assist with the actual cost and performance to be measured.

The scheduling of the work should include supporting the development of the performance measurement

baseline. T

a)
b)

calculd

Compariso
depending

5.4.2 Pl

Planning t]

e schredute shoutdbestructuredima manmer that wittemabte progresstobe:

ted using the schedule;

compared with the performance measurement baseline.

n of the progress with actual costs can occur within the schedule or outside the sche
on the methodology being used.

inning the work

e work should be accomplished through the review of thexScope of work or contract

terms, including the authorized milestones. The milestones should be reviewed against the g

policies an
This plany
authority f]

The ident
relationshi
resources §

5.4.3 Idd

The work

H procedures for dividing the work scope into control aceounts for productivity and m4g
ing output should be utilized with specific organizational governance for delega
rom the project manager to the control account matagers.

ilf;ed milestones and activities should then-be reviewed for their dependencies 3

s that allow for the objectives, outcomes; deliverables and benefits to be met wit
ind budget.

bntification activities

breakdown structure should be documented in further detail as described by p

relationships!Zl. This work breakdowsr structure detail should provide the development of a s

activities 4
account ley

Identifying
matrix. Th
assignmen

The identif
Utilization
defined in

nd logically rolled up to the levels that achieve the activities that can be aligned to
el.

the activities to-schedule the work scope should be done using the responsibility 3
e activities should be developed to provide sequence tied to establishing a network log
L of activitiesand durations that should establish the critical path.

ication-of“activities should be aligned at the control account level to allow for resour
of summary level activities or control accounts to support the lower work activitie
flie-initial planning of the project or programme and align to the work breakdown str

dule model

scope and
overnance,
Inagement.
fion of the

ind logical
h assigned

arent-child
equence of
the control

Issignment
ic with the

ce loading.
should be
ucture and

the organizatiomat breakdowtr structure Thisatigmment shoutd beaccomplished toattow theactivities for
resource loading to support control accounts to be validated.

5.4.4 Durations

Durations are identified through vertical traceability to horizontal traceability based upon the sequence of

workl6l,

Work should be traceable throughout the project or programme to each level of the schedule consistent with
the level of planning[él.

The assignment of activities should establish the basis for the assignment of activity durations. The duration
review should be done to verify activities are logically tied and the critical path can be established.
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As developed and approved, the schedule should be used by the management team to plan and monitor the
work performed. The schedule or schedules should provide a way for evaluating actual progress against
pre-defined objectives.

Durations of the activities should be estimated considering available data, resource demand and availability,
as well as risks and uncertainties. The basis for determining activity durations should be documented in
the basis of schedule documentation. The basis of schedule documentation defines the reasoning or logic
for the schedule development, including assumptions and exclusions. Durations can be used in the detail
work scopes or packages to align and support the control accounts. Durations can also be summarized into
summary level or planning packages using a rolling wave concept.

Work package durations should roll up to the control account activities. These work packages should be

integrated

5.4.5 Mi

Major mile
this contex
Milestones
cannot be 1

Programm
and progre

Value mile
packages.

5.4.6 In{

Activities 9
concludes Y
successor,

The interd
backward

into the scope of work and have the earned value technique assigned to them.

Lestones

stones should be determined based on significance, constraints and interfaces!Zl. Sigy
t can be the importance of the effect of the milestones to the outcomes, deliverables a
can be assigned as contractual, programme or value milestones. Milestones-have zero d
esource loaded but are logically tied into the relationships to validatescope, logic and ci

e or project milestones should reflect key areas or control points that allow for the mg
ss of significant elements of the work.

erdependencies

vith one point of exit (see 5.4.2 and 5.4.3). Each activity identified should have a predd
5o that activities are logically tied with no open ends.

ependencies, which are logically. tied with no open ends, should allow for the fo
pass to establish the critical path.,The forward pass is the method of moving forward

nificance in

1d benefits.

ration and
ritical path.

asurement

stones should be used to measure points of work within lenger duration control accounpts or work

equenced for interdependencies should be placed in a network that has a single point of entry and

cessor and

rward and
through a

diagram td calculate total activity duration, and the backward pass is the other direction view. The critical

path shoulfl be complete once resources.are validated and loaded. The project can be baselined to establish

the earned|value management system’s performance measurement baseline.

5.4.7 Schedule validity

5.4.71 Fpr a scheduletobe valid, it should be:

a) complete - repfesenting authorised effort for the entire contract, with essential subcontracted or other
external workfor milestones integrated, yet distinguished from internal work;

b) traceaple~ reflecting realistic and meaningful network logic that horizontally and vertically| integrates
the likely sequence for project or programine impiementation (See 150 2150872018, Figure 2);

c) transparent — providing full disclosure of project or programme status and forecasts, and including
documented ground rules, assumptions and methods for building and maintaining schedules;

d) updated - reflecting a consistent and regular update of completed work, interim progress, achievable
remaining durations relative to the status date and accurately maintained logic relationships;

e) predictive — accurately forecasting the most likely completion dates and impacts to the project or

programme baseline plan through valid network logic and achievable task durations from the status
date through project or program completion[13l,
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5.4.7.2 A schedule should also be:

the period
the budget

hted to the
P resources

rtions and
sed budget

rumulative
uld not be
rogramme

a) usable - producing meaningful metrics for timely and effective communication and tracing and
improving performance, treating issues and risks;

b) resourced - with labour, materiel and facilities aligned with the schedule baseline and forecast to enable
stakeholders to view and assess the time-phased labour and other direct cost to achieve the project
baseline and forecast targets;

c¢) controlled - with the schedule baselined and maintained using a rigorous, stable, repeatable and
documented process. Schedule additions, deletions and updates should conform to this process and
result in valued and accurate results for sound schedule configuration control and maintenance.

5.5 Step 4: Develop a time-phased budget

5.5.1 Overview

The purpope of this step is to distribute cumulatively the project or programme, budget over

of time for| which the work implementation has been planned. This cumulative djstribution of

should be thhe basis to establish the performance measurement baseline.

This step should directly influence the calculations and values of earned.value management metrics and

indices.

To develop the time-phased budget, one should use the schedule, where budget should be alloc

schedule agtivities. This allocation should schedule activities according to the budget value of the

contained In the approved baseline to be used during implementation.

Substantiafed cost and schedule estimation, approvedxahd documented risk treatment a

progressive elaboration are factors that should be considered in the production of the time-pha

and of the performance measurement baseline.

The cumulptive time-phased distribution budget should mirror, as close as possible, the planned

implementption of the scope over the duratien: The cumulative time-phased distribution sho

confused with the financial or accounting/cash flow needed for the funding of the project or g

over time.

5.5.2 Copcepts and consideratjions

5.5.2.1 (eneral

The follow|ng items should)be considered in the preparation of the time-phased budget:

a) resour|ce use;

b) economnic yaluation of the project work;

c) progredssive elaboration;

d) approved risk treatment actions;

e) subcontracted work;

f) costestimating and budgeting.

5.5.2.2 Resource use

Resource use allocated to a work activity should equate to accountability for a cost to be incurred due to the
use and depreciation of a resource.

EXAMPLE

Table 1 provides an example of the budget.
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Table 1 — Example of a project budget

Resource Unit cost Quantity Observations
Trainer $100/h 80 h 20 h per activity
Acquired by the project at the beginning
Video-projector $1000 1 unit Used only in activities A (40 h) and C (20 h)
Book value at the project end is $ 400

The total budget of the projectis: $8 000 + ($ 1 000 - $ 400) = $ 8 600. While the project is accountable for the upfront acquisition
of the video-projector, the correct budget valuation of the cost caused by the project with the video-projector is not $ 1 000
because at the end of the project the video-projector is estimated to have a book value of $ 400 by accounting for depreciation.
The video-projector, depending upon organizational governance or contract terms, can either be sold or considered as an
organizational asset. Therefore, the real cost incurred by the organizationis: $ 1 000 - $ 400 = $ 600.

Based on this information, the budget value of the activities A, B, C and D is calculated as follows;
— Activity A:
— 20 h of atrainer's time at $ 100/h totals to $ 2 000;

— usk of a video-projector:

—| 40 h out of 60 h; in other words, g or 67 %;

—| cost of a video projector to the project equals the<purchase cost minus bpok value:
$1000-$400=5%600;

—| cost for which activity A is accountable in the budget: $600 x % =$400;
— thg total budget allocated to activity Ais: $ 2 000 *$400 = $ 2 400.
— Activitly B:
— 20/ h of atrainer's time at $ 100/h totals $2°000;
— the total budget allocated to activity-B+is $ 2 000.
— Activity C:
— 20/ h of atrainer's time at $-100/h totals $ 2 000;

— use of avideo-projector:

—| 20 h out of 60 h; in other words, % or 33 %;

—| cost of\'\a video projector to the project equals purchase cost minus bgpok value:
$1000<$400=$600;

—| (€ost for which activity C is accountable in the budget:

— $600x 22 =200,
60

— the total budget allocated to activity Cis: $2 000 + $ 200 = $ 2 200.
— Activity D:
— 20 hofatrainer's time at $ 100/h totals $ 2 000;
— the total budget allocated to activity D is $ 2 000.

Table 2 shows the total allocation of the project budget to the activities and schedule.
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Table 2 — Example of a project budget allocation

Week no. Activity Budget value Cumulative time-phased
Start — — $0
1 A $2400 $2400
2 B $2000 $4 400
3 C $2200 $6600
4 D $2000 $8600

The adequate allocation of resources, in kind and quantity, of the budget to the schedule activities should
be at the core of the development of the time-phased budget: what resources will be consumed in the

implement

tion of which activity and in what quantity

Resource u
calculation
allocation

5.5.2.3 K

The budge
integratior

The cost it
scope elen
value can |

The econo

from the financial perspective used in cash-flow management: the cost should not be allocated

time persp
a scope pel

In the exa
projector {
resource. H
the project
can lead to

5.5.2.4 K

The progre
granularit)
greater acq

Unsubstan

Scope elem

se by work activity should be accounted by cost to be incurred by resources for an‘acti
s can range from depreciation (such as for equipment), physical use (such as for)cencr
[such as for effort of human resources) to indirect allocation (such as for overheads).

conomic valuation of the project or programme work

t and actual schedule should be bound to the scope via the wotk, breakdown stru
should be maintained throughout the life of the project or progtamme.

bms of the budget, such as the resources planned to be consuined, are allocated in qua
ents. These cost items at the more detailed level will ke the schedule activities. Th
e calculated based on the budget value of the resourcewunits.

mic perspective of the budget valuation of the wark of the project or programme is

ective of when invoicing and payments of the-tesources consumed will occur, but rathg
spective of accountability for resource use:

mple of 5.5.2.1, a financial perspective-would allocate the full cost of $ 1 000 with

vity. These
lete), direct

cture. This

htity to the
b economic

distinctive
based on a
br based on

the video

o activity A, because the activity isthe first activity that needs acquisition and pay

alack of trust in the earned:value management system and possibly poor decision-m

rogressive elaboration

ssive detailing of the scope and schedule should be integrated with the progressive ad
 of the time-phased distribution of the budget of the project or programme, which shq
uracy and detail.

tiated estimates can lead to under- or over-performance measures.

ent of this

lowever, such over-evaluation of gctivity A can lead to an incorrect time-phased distfribution of
budget. The over-evaluation results in skewed performance measures with false varfiances that

ing.

usting and
uld lead to

entsithat are not yet detailed should be mirrored by high-level planning elements in t

h|e schedule,

and high-1

vel’budget allocation or undistributed budget

As the project or programme progresses, scope and schedule elements should be detailed along with
sufficient granularity to sustain, as much as possible, the objective allocation of the planned resource use to
the work scope elements and ultimately to the schedule activities.

The criteria used to allocate resource use in this planning step should be documented and consistently
followed during implementation and control, in order to record the actual use of the resources. Therefore,
practical considerations in terms of feasibility, data availability, and effort needed should be considered
during progressive elaboration.

The progressive detailing of the scope definition and schedule should also sustain the adequate and accurate
assignment of objective measures of performance (see 5.6).
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5.5.2.5 Establishment of a residual risk position

Any risk treatment actions needed to achieve the residual risk position should be approved in the risk
management system and transferred into the performance measurement baseline. There should be a
mechanism for tracing these actions to the risk management system in order to monitor their progress
during project or programme implementation.

Any adverse effects caused by the introduction of these actions into the baseline should be assessed to re-
evaluate the overall net benefit to the project or programme. Progressive evaluations can be carried out to
achieve an optimal position.

Risk contingency reserves and schedule buffers can be established in the baseline for the implementation of
contingency plans or additional treatment actions for known risks. These actions should only be necessary
if managenTeNT TESErVe Cannot be Netd at the Project or programime [evet (See 9. 1.4-57-

5.5.2.6 Subcontract work

contracted
the earned

ted work, assigned in total or in part to suppliers, should be part of the scope. The sub
hnd budget values are integral to the overall project or programme to be tontrolled by
\gement system.

Subcontrag
work time
value manj

cted services or materials should be valued from the perspective-of the project or g
b is responsible for the budget, therefore under a pricing, as opposed to the actual
his approach should apply to any type of contract.

The contrg
owner, wh
supplier. T

rogramme
cost to the

Contractual terms and conditions should be established with the suppliers for the necessary infornjation to be

available in|

While diffd
in an earn
are issued
mandatory
transmitte

during a solle source contracting option, if thereis-only one source available for the work or resour

5.5.2.7 (

Cost estim
a)
b) object
9

The breakd
for the alld
that result

realist]

audita

atimely manner and with the necessary detail to sustain,the development of the time-pha|

rent approaches and alternatives can be used to:decument the subcontracted work ang
ed value management system, during the invitation for bid and when requests fq
the organization interested in implementing earned value management should se
terms and conditions regarding planning and controlling information and data thaf
d in specified time periods. Such mandatory terms and conditions should also be com

ost estimating and budgeting

htes should be:

iC;

vely assignable forthe detailed project or programme scope;
ble.

lown of the cost elements should be organized and classified making it easier and mo
catiomrto the work. The project or programme manager and team benefit from the t
5 from the objective apportionment criteria applied to the use of the cost for work.

sed budget.

| resources
r proposal
t forth the
should be
municated
res needed.

e accurate
raceability

The basis of the estimates and assumptions should be documented to enable auditability, which is essential
to analyse and communicate performance variances and accountability. The documentation should also be

used in the

NOTE

identification of risk development of preventive and corrective actions.
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5.6 Step 5: Assign objective measures of performance

5.6.1 Ge

neral

5.6.1.1 The purpose of assigning objective measures of performance should be an agreed upon selection
of the method of measuring performance.

An objective measure should be one that is not only agreed upon but understood by the stakeholders. An
objective measure can be seen as impartial, unbiased and fair, as long as the stakeholders agree. Measures
of objective performance should be agreed upon to accurately assess progress. Without this agreement
on objective performance, the performance reported can fail to accurately reflect the amount of progress
achieved in any given reporting period.

NOTE bjective measures of performance are also known as earned value techniques or rules of eredit.

The object]ve measures of performance should be the primary method of measuring achievementor physical

progress.

The objectiive measure of performance chosen should be the most representative of the effort| needed to

achieve thg work within a specific work package (see 5.3.4) or activity. It shouldralso be the most dppropriate

method forf planning, scheduling and evaluating performance.

5.6.1.2 Work packages should be identified as one of three types:

a) discrete activities: work that has a specific end product or result that can be directly planned and
measujred;

b) apportioned effort: work that cannot be readily measurgd or divided into discrete work pdckages but
can be directly related to the planning and performance on other identified discrete tasks; examples
includ¢ quality control and inspection;

c) level of effort: support or management work that does not result in a specified product or output; neither
performance nor achievement can be measured, as there is no tangible output (see 5.3.4).

5.6.1.3 The objective measures used .to“measure work performance should be specified| using the

following:

a) accomplishment of an activity sfiould be expressed in terms of the budgetary value or earngd value of
the activity;

b) objective measures of performance to quantify the degree of completion of activities;

c¢) earned value of a cempleted activity equating to the amount budgeted for the activity, planned value or
budgeted cost ofwork scheduled;

d) objectjve measures of performance agreed upon before the start of each work package and npt changed
once work has started;

e) objective measures of performance planned in the same manner in which they are to be assessed and

aSSess

f)

accum

g)

ed in the same manner in which they are planned;

ulated in a consistent manner and in the same time frame;

objective measures of performance established in such a manner that value is earned and actuals

one objective measure of performance or earned value technique only used per work packagel®l.

Objective measures of performance should be established to determine accomplishment of in-progress
activities. The selection of the measure should depend on activity content, size and duration. The measuring
of earned value should be calculated using the same method, as stated in the approved earned value
management system documentation or plans. The resulting metric is referred to as the earned value.
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Objective measures should allow work achievement to be measured in a clear and unequivocal way. Setting
the objective measures in advance should enhance accountability and objectivity.

Performance can be measured in terms of currency, labour hours or other measurable units. The
performance measurement indicators, such as milestones, should be scheduled with sufficient frequency
to provide a basis for accurate performance measurement. Additionally, performance measurement should
occur consistently within documented time intervals.

5.6.2 Earned value techniques — Description, advantages and disadvantages

5.6.2.1 General

T bl 3 B maricactha cuigagactad Ao dxalatachinio o
able 3 suipmarisesthe-suggested-earned-valunetechniques

Table 3 — Summary of the earned value techniques and their applicability

Earned value techniques for

Output one reporting two reporting threg reporting
period or less periods periofs or longer

Units complete (equivalept units)
Measurable uhits Production (earned stafpdards)
Formula method|

Direct interin} outputs or milestone 0/100 Milestones

. . . . . . . cpe Start/finish Hstimate
Product or achievement but no discrete units or interim milestones identified 50/50, 60/40, 20/80 (% [complete)
No product orfachievement Level of effort
Proportional fo progress on related work packages/discrete tasks Apportioned effort

5.6.2.2 (/100 method

5.6.2.2.1 | General

No value of progress should be earned until theactivity or work package is complete. This techn]que can be
seen as angther variation on the use of miléstones as a progress measure.

5.6.2.2.2 | Advantages

This techn]que can be easy to use,and no additional work is required to the schedule to accommaodate it.

5.6.2.2.3 | Disadvantages

This technjque can be-stiitable for short duration activities of less than one reporting period. The¢ technique
can providp distorted performance indices by not taking work in progress into account.

5.6.2.3 Units.complete or equivalent units

5.6.2.3.1 General

This method should be based on measuring the number of units or items that have been completed and
comparing the result with the total number of units or items that are to be completed in the approved
baseline. This technique should normally be used in manufacturing sectors, where earned value is measured
as the number of units produced. An equal amount should be earned for each unit completed.

5.6.2.3.2 Advantages

This technique can be easy to achieve and implement. It can help with the production of other productivity
graphs, such as line of balance. This technique can be useful when a large number of repetitive items are
being made, such as mass production of components: cabling or pipelines.
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Disadvantages

This technique should only be applied to the activities that have a repetitive element. If applied to a more
complicated activity, this technique can be inaccurate. Care should also be taken to allocate the time phasing

of producti

on at the start and end of a specific production run.

If 1 000 m of pipe are to be laid over a four-month period, one should be careful in using the average of
250 metres each month for measuring progress. Given the issues and challenges around production
mobilisation, equipment, hiring, procurement and labour allocation, it is prudent to allocate less progress
in months 1 and 4 200 m can be a better estimate for month 1. This technique also assumes that higher

production

5.6.2.4

rates are achievable in months 2 and 3.

arned standards

5.6.2.4.1

This techn
analysed fi
is complets

5.6.2.4.2

This techn
produce th
and aligns

5.6.2.4.3

Unless dev
not be used

5.6.2.5 K

5.6.2.5.1

The formuy|
direct cost
at complet

EV=A

where

EV

General

que is a variation on units complete. The technique uses a number of known aetivity-g
om previous similar activities to set the standard work time for an operatieh. When th
, the standard value should be earned.

Advantages
que should be used for production processes that are well-defined and can be easily 4

well with approaches for manufacturing.

Disadvantages

. The technique can have the potential to hédnaccurate, if applied to more complicateq
ormula method

General

la method, should be used Wwhere performance for low-value, non-critical material
categories can be earnéd,on the basis of actual cost, multiplied by the relationship of
on to the estimate at’Completion:

BAC
X ——
EAC

s the earned value;

ycle times,
b operation

inalysed to

e production standards. This technique can help to idenfify areas for continuous imjprovement

lopment activities can be measured and assigned standard times and costs, the technique should

| activities.

and other
the budget

AC
BAC

EAC

is the actual cost;
is the budget at completion;

is the estimate at completion.

Table 4 provides a view of earned value after applying the formula method based on a budget at completion
value of 1 000 units.
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Table 4 — Earned value calculations based on the formula method

Month
1 2 3 4 5

AC 200 400 700 1000 1400

BAC 1000 1000 1000 1000 1000

EAC 1000 1000 1200 1300 1400

EV 200 400 583 769 1000
5.6.2.5.2 Advantages
This technjegs H For-menthly-updatesof the-estimateatcompletHontobeaceuratetes
in situatioms where progress can be directly related to spend, such as, consumables and direct lin
5.6.2.5.3 | Disadvantages
This technliique should be avoided for complex activities and high-value items being either p
manufactulred.
5.6.2.6 Milestones complete
5.6.2.6.1 | General
Achievement of the work package should be measured by the achievement of milestones. Each
should be assigned a proportion of the budget, and when the milestone is achieved, that propot
budget should have been earned. Earned value should only.beé#aken on milestone completion.
5.6.2.6.2 | Advantages

This technlique of calculating earned value should’be applied when there are a large number

milestones.

5.6.2.6.3

The metho
to a specif
considered

Disadvantages

d should not reflect the sc¢hedule and the work scope. Achievement should not be dire
¢ milestone. Milestones.chosen should not be directly on the critical path. If work in
, it can make the schedule performance index and cost performance index worse than

be useful
e feed.

rocured or

milestone
tion of the

bf frequent

'tly related
progress is
the actual.

If the number of milestones.islow, then the measuring process should become coarse and can prgve to be no

longer usef
5.6.2.7 §

5.6.2.7.1

ul.
tart/finishimethod

General

A set percemtage of the vatue stoutd beearned at the startof the activity or work package. The
value should be earned upon completion. The starting percentage should be 20 % or higher depending upon
the governance or plan for the use of this technique. The method should be used when the activity or work
package has duration between one and two reporting periods.

5.6.2.7.2

Advantages

rest of the

When used for a specific activity or work package type, stakeholders can agree to the set percentages for the
reporting periods.
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5.6.2.7.3 Disadvantages

Care should be taken where the duration is more than two accounting periods. No value can be earned at
either the start or the finish. This accounting can bias the schedule performance index, cost performance
index calculations and the estimate to completion. The method can represent work in progress over or under

what is claimed, thus affecting the schedule performance index and cost performance index values.

5.6.2.8 Estimate or percentage complete

5.6.2.8.1 General

In using the estimate or percentage complete technique, earned value should be determined by a subjective
assessmengof-the—total-work \,uuq.}lctcd. Grattat 1t_y Hrthe a\,hcdulc, a\,tivit_y detats—shotdd }I‘OVide the
objectivity]

5.6.2.8.2 | Advantages

No additiopal schedule changes or preparation should be needed. This technique can be applied tp activities

with durat
percentage

5.6.2.8.3

The methg
packages 4
help packd
visible or c

5.6.29 |

5.6.2.9.1

Technique
critical pat
variances.
should use

Level of efff
project to |
whole or if

NOTE 4

on spanning three or more reporting periods and where an objective basis exists for d
complete for the work package.

Disadvantages

d can be misapplied, if the schedule granularity is net\achieved or maintained 34
re turned into work defined. Clarity of the activity orxwork package entry and exit d
ges. The method application can also be seen as subjective if the output or deliver
learly stated.

evel of effort

General

is easily used to draw value for,work activities that do not produce deliverables, are
h and cannot be late. Level of effert should be kept to a minimum to avoid masking pe
Other uses for level of effort.can be quality assurance and configuration managen
the apportioned effort, earned value technique.

ort work packages arethose work packages that should be used for necessary work eff
be successful, but.that do not have a specific end deliverable or outcome represented
part.

\ctivities can include some aspects of project or programme management and contract admir

other consulltations related to the management of the project or programme, where such activities are no

overhead cd

5.6.2.9.2

sts.

Disadvantages

ptermining

s planning
riteria can
able is not

not on the
rformance
ent, which

brts for the
by them in

istration or
F covered by

This method should only be used for this type of activity. Since level of effort earned value is measured by
the passage of time, it is important to provide that the time-phased budget distribution is representative
of the baseline schedule. As a result, earned value should be set equal to the budgeted schedule of work
planned, even if the work package has not started. This technique should mean schedule variances never
occur; thus, level of effort tasks does not allow meaningful earned value schedule analysis to be done.

However, level of effort work packages can generate a cost variance and recorded actual cost can still be
compared to the earned value. Level of effort work packages should be separately defined from other work
packages to avoid issues with any earned value analysis. The level of effort technique should be used only for
those activities where no recovery action would be taken if the work were not undertaken.
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5.6.2.10 Apportioned effort

Apportioned effort should be work that is not readily divisible into discrete work packages, but the work
should be directly related and dependent upon measurable progress within another work package or
another deliverable or outcome.

Apportioned effort should normally be used for tasks, such as inspection, configuration management, and
quality control and assurance.

The link between an apportioned account and a base account should be a schedule link. This linkage should
mean that the schedule in the apportioned account is derived by analogy to the work schedule of the base
account and the earnings in the apportioned account are derived by analogy to the work accomplished in the
base account.

Earned Vallue should be determined by an apportioned factor calculated from the budget at conlpletion for
the apportioned and reference work package.

apportjoned EV = EVreference work package x AF

where
EV is the earned value;
EV:eferfnce work package 1S the earned value of the reference work patkage;

AF is the apportioned factor.

There should be no similar apportionment of actual cost of work-performed values for apportipned effort
work packages. Actual costs should be directly recorded and reported against the work packagg, resulting
in the genegration of cost variances where variances exist;

The contrdl account manager of the apportioned account should still control the assignment of bydget to the
account, byt the time phasing of that budget and‘the percentage of earnings should be directed by the base
account. Sde Table 5 for an example of calculations of an apportioned work package based on an apportioned
factor of 0,833.

Taple 5 — Example of an appertioned work package calculations based on AF of 0,333

Month
0 1 2 3 4
PV 0 60 120 210
Reference work package EV 0 0 60 120 210
AC 0 30 70 120 250
PV 0 20 40 70
Apportiongd werk package AF, 0,333 EV 0 0 20 40 70
AC 0 10 40 50 65

5.6.2.11 Earned value types for material items

Earned value measurement for material should be measured like any other element of cost. It is intended
to permit assessment of events that reflect progress in performance, not measurement of administrative
or financial events, such as booking of actual costs or invoice payment. Therefore, planned value should
normally be scheduled according to an event, such as material or equipment delivery or receipt, and earned
value should be earned when the event occurs. Administrative or financial events can be used as indicators
for contract events when such indicators occur in the same reporting period as the contract events.
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6: Set the performance measurement baseline

5.7.1 Overview

The performance measurement baseline should provide the reference against which the actual outcome
should be compared in order to measure, assess and diagnose performance, and devise management action,
as appropriate to direct the project or programme towards its objectives.

Setting the performance measurement baseline should necessitate that each previous planning step has
been developed by addressing the following elements:

scope definition and baselining based on the work breakdown structure;

a)

b) respor
c) develo
d) develo
e) establi
The develog

can includd

The perfor
project bas
which the |

5.7.2 M3

The perfor
for perforn

Manageme
the causes

the planning targets.

Besides th
at which rd
assigned a
account m
account m
delegation
cost accou
members i

Negotiatio

E

pment of the schedule and the time-phased budget should incorporate’risk treatment 4

sibility assignment based on control accounts and responsibility assignment matrix;
ment of the project schedule;
ment of the time-phased budget, incorporating resource planning, and the undistribu

shment of objective measures of performance for work packages (see 9:1.4.4).

schedule buffers.

mance measurement baseline should integrate each of thése elements into a single
eline. The performance measurement baseline should net'iriclude the management re
broject or programme management team should have no authority (see 9.1.4.8).

nagement responsibility

mance measurement baseline should be the basis for the assignment of managementreg
hance to the project or programme managehtent team.

nt responsibility should include measuring and reporting performance, diagnosing and
of performance, and devising appropriate management actions to direct performan

e project or programme manager’s responsibility for the overall performance, the pr
sponsibility should be delegated is at the control account level, where control account
control account manager! If progressive elaboration and change control take place, so
hnagers should be assigned at the beginning of the project or programme, while ot}
hnagers should be\assigned as progressive elaboration and change control take pla
of managemertyresponsibility can be established at the lower work package level v
ht, as agreed/y the control account manager and the project or programme manage|
hvolved instheé scope assigned to each cost account.

h andireview of the previous project or programme planning elements should take pl4

of setting {
process. T

he final performance measurement baseline, which should be sub]ected to a formal

fed budget;

ictions and

integrated
serve, over

ponsibility

explaining
re towards

mary level
5 should be
me control
her control
re. Further
yithin each
ment team

ice, as part
hcceptance

s resulting

in changes to arrangements between and among the project or programme organlzatlon and the suppliers,
client and sponsors. These changes should reflect how responsibility was negotiated and agreed-upon

among the

relevant stakeholders.

Another important aspect of management responsibility should be the feasibility of the performance targets
because unrealistic and poorly documented estimates can lead to the loss of the initial commitment. The
performance measurement baseline, therefore, should include a complete documented basis of estimate and
schedule basis, as the foundation for the following:

a) feasibl

e performance targets;

b) estimates and actual results being traceable and auditable;
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¢) performance variance being diagnosed and assigned to specific causes.

5.7.3 Control period

If necessary, the actual project or programme results should be compared against the performance
measurement baseline as the basis to assess performance and take management action. The control period
should be established to use in the different phases and stages and possibly in different control accounts or
work packages. The establishment of an adequate control period can depend on a number of factors (see 5.9.2).

5.8 Step 7: Authorize and perform the work

5.8.1 A work authorization system process should be used because it can facilitate the implementation of

earned valpile management.

The existepce of a formal process to authorize the commencement of the work should be‘used|to achieve

the consistency and validity of the data and information entered and produced by an earned value

management system.

When work is authorized to commence, the resources planned in the baseline should be made available

for implenentation. Actual resource use in kind, quantity and cost should start being recordgd together

with work|progress, actual schedule dates, and performance information, Data and informatior] regarding

the scope, fost and time should be aligned and consistent, and the work aythorization system should meet

earned vallie management guidelines.

5.8.2 The elements of a work authorization should include the following:

a) work gcope: what is to be done;

b) resporisibility: who is responsible for the various aspects of work performance, in particylar who is
accountable;

c) schedyle: when and in what sequence is the work to be done;

d) resources: in kind and quantity, and whén-to be employed;

e) budget: the cost budget available toyperform the work;

f) quality elements: standards, methods, metrics and other elements aimed at enabling the Wwork to be
performed within the projeet or programme quality requirements;

g) entry ¢riteria or constraints: conditions that should be met, verified and monitored for the physical
executiion of the work

5.8.3 For work ta’be authorized, the following items should be part of the overall project or grogramme

management process:

a) who i résponsible to authorize the work should be established beforehand and communicpted to the
projectteans;

b) who is responsible to receive the authorization according to the communications planning;

¢) workshould be planned at the adequate level of detail prior to implementation and the baseline refined;

d) stepsnecessary to implement the earned value management objective measures of performance should

be in place, including data collection and information gathering tools, methods and resources.

The work authorization process should be implemented in a top-down fashion, starting with the authorization
of the project or programme through a charter and the assignment of a project or programme manager.
These process steps should be followed by the authorization of control accounts and assignment of control
account managers, as well as work packages and schedule activities. The levels of detail at which a work
authorization is to be performed should be established in the planning and should sustain the guidelines
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of the earned value management system regarding consistency of the data and information thro
project or programme.

5.9 Step 8: Accumulate and report performance data

5.9.1 Overview

During implementation, performance indices should be periodically collected and accumulated

ughout the

to produce

performance analysis metrics and indices that measure performance. These metrics and indices should

serve as the basis for identification and diagnoses of variances, identification and assignment of
determining if management action should be taken.

)T U C Ul C UUluU C T CVC Y

nning, or ad hoc specific points in time.

The procegs—e g =
programme pl

established in the project

or

Performanjce indices should be collected and accumulated in the three dimensions_of|scopsg
time and dccur at the work package or schedule activity levels within each control account the
authorized for implementation.

5.9.2 Coptrol periods

causes and

y period, as

, cost and
t has been

5.9.2.1 Ifneeded, control points should be established for the control accounts and work packages.

The establishment of a reporting period should depend on several fagters, including:

a) duratipn of the project or programme, phase, cost account or'work package;

b) type, rlature and complexity of the work being performed;

c) feasibility that takes into account constraints, in patticular resource needs and availabilities
d) costofldata collection and cost-benefit analysis'of the data collection process;

e) management items imposed by stakeholdérs and organizational governance.

5.9.2.2 The control period should be established to enable:

a) sufficient time elapses so the accumulation of performance indices is meaningful, which can
the characteristics of the workand requests for an extended time period;

b) early detection of variances so management actions can be implemented, which indicate a
shortef control period;

c) reliable process-to’deliver the quality data and predictability;
d) each pjece ofthe performance indices collected is properly synchronized to a common mome

e) stakeholders’ expectations and needs are addressed.

depend on

need for a

nt in time;

5.9.3 Scope performance indices

Scope performance indices should relate to measuring the degree of scope realization, which should be
primarily dependent on the measures of performance established in planning. This data should include the

following:
a) physical measure of scope;
b) scope related events or milestones;

¢) quantities of resources consumed;
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d) time elapsed.

5.9.4 Schedule performance indices

Schedule performance indices should relate to measuring status of the schedule activities regarding their

actual real

ization and planned future. This data should include the following:

start and actual finish dates;

updated forecast start and forecast dates.

y percent complete according to agreed methods of measurement;

o

a) actual
b)

c) activit
d) estim
5.9.5 Co
Cost perfot

The collect]
actual resd
resources.

EXAMPLE

anactual pr
at the end (¢
hours of vid
be consumsd

the resourd

allocated to

0 copmanlati o
tEt0-CoOTHPrEToh-

5t performance indices

mance indices should relate to the actual value of the resources consumed/tovperforn
ion and accumulation of the cost data should be consistent with the guideline criteria

During implementation when the video-projector was acquired in the first day of the projec
ice of $ 1200 as opposed to the budgeted value of $ 1 000, but with the'same expected book valul
f the project (see 5.5.2.1 EXAMPLE). In the implementation of the first training session, ac
eo-projector consumed were 50 h as opposed to 40 h, and it isimow planned that in activity C o
d, keeping video-projector use total budget constant at 60 ixThe cost data accumulated for a

50
e video projector would be ($1200—$400)><%=$666,67 versus the original cost estima

the video-projector use for activity A.

h the work.
where the

urce use should be understood to be the accountability for the cost actually incurred iising those

t, it resulted
e (i.e.$400)
[ivity A, the
hly 10 h will
ctivity A for

ke of $ 400

The higher|cost of the video-projector against the budget together with the excess hours of its use led to an
unfavourable cost variance of -$ 266,67 at the end of activity A due to this resource (i.e. $ 400 - $ 666,67 § $ 266,67).
Performanice cost data should be mapped at the schedule activity level and include the following:

a) actualfunit cost of each resource consunied;

b) actuallquantities of each resourcéconsumed;

¢) updatgd unit cost of each resqurce planned to be consumed in the future;

d) updatdd quantities of each Tesource planned to be consumed in the future.

5.9.6 Performance-analysis data points

The data points efsplanned value, earned value and actual cost should be calculated starting with data
accumulated from the schedule at the work package level, if available in the work breakdown strjucture and
eventually|ffem its calculation at the schedule activity level. These data points are rolled-up through the
work breakdowm Structure to the project or programime total. Earned schedule and actuat time should be

calculated in a similar way for each activity or scope element in the work breakdown structure. Budget at
completion and schedule at completion should be calculated at the cost account level and above that level.
Eventually, this effort should be done at other work package levels in the work breakdown structure within
cost accounts, where responsibility for performance has been assigned.

5.10 Step 9: Analyse performance data

5.10.1 Overview

An earned value management system should quantify cost, schedule and technical performance. This
quantification provides a sound and objective basis for considering corrective and preventive actions.

© IS0 2024 - All rights reserved
38


https://standardsiso.com/api/?name=a7d3a90d98f1b28ac992fdb8b09b8118

ISO 21512:2024(en)

Analysis of deviations from plan for both cost and schedule should provide project or programme
management with the ability to implement corrective actions to accomplish the objectives. Analysis of
earned value management data can also provide a forecast of final cost and schedule outcomes. It can also
result in the identification or update of risks and issues, as well as treatments actions.

5.10.2 Ke

y questions

The primary questions project or programme personnel should ask are:

a) Whatis the earned value relative to the planned value?

b) Whatis the earned value relative to the actual costs?

¢) What igThe Toot cause of These vartances?

d) What ¢orrective or preventive actions should be put into place in regard to the variancés?

5.10.3 Timeliness of information

Timelinesq in finalising and communicating the earned value management information amdng control
account managers and the project or programme manager at the close of each veporting period should be
considered critical.

Cost and jchedule variances are lagging indicators of performancé. The usefulness of thgse lagging
indicators pf performance should be in indicating the plan is or is not being achieved and to resplond to this
informatiop, particularly if these indications are supported by otherdmetrics early enough to affe¢t a change.
The predidtive value in forecasting of schedule and cost can ‘eften be understated. More often than not,
independent estimates at completion can be more accuratecthan forecasts of control account or [the overall
project or programme. This calculation can be used to assess the reasonableness of the contracf estimates
or recomnjend the continuation of the project or programme to the sponsor or senior management (see
Annex Al€l).

5.10.4 DTa analysis steps

Earned value management data analysis cairbe broken into the following steps:

a) earned value management data galidity checks;

b) review of variances;

c) analysjs of trend data;

d) review of comparative data.

5.10.5 Data validity checks

5.10.5.1 (onducting some basic checks should provide earned value management data that are df sufficient

quality and completeness to facilitate analysis to validate the data.

5.10.5.2 These validity checks should be conducted:

a) planned value, earned value, actual cost, budget at completion and estimate at completion data should
total correctly from control account level to project level;

b) budget at completion of the reporting elements should equal the performance measurement baseline.
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5.10.5.3 For any reporting element, one should carry out the following actions:

a)

calculate the current period values by subtracting the cumulative data provided last period from

that provided in the current period, and if any negative values are generated, it can be evidence of a
retroactive change;

b)
that th

e estimate at completion has not been revised;

have been booked to that particular reporting element;

ensure that the actual cost should not exceed the estimate at completion, but if it does, it is an indication

calculate estimate at completion which should equal actual cost, if 100 % complete, since all costs should

demonstrate that the value of the work planned, work achieved and the total budget, if 100 % complete,

shoul

e)

provi
as detq

Customer

An indicat
earned val
assurance

5.10.6 Re

5.10.6.1 P
earned va
interrelate
labour and
of the root
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5.10.6.2 V|

a)
b)

curren
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5.10.6.3 M
schedule v

aaaiial.
oo,

1b
an explanation for a budget at completion or estimate at completion that has a sighifidg

rmined by the project management team.
r management directed changes should be checked for accurate incorpordtion into th

on of systemic problems with the earned value management system can be problen
lle management data quality. The project or programme manager sheuld consider cor
Feview on the application of the earned value management system\(see Clause 6).

view variances and analyse trend data

ue management data. Variances can arise from_,a number of different causes thaf
d, such as inadequate planning, incorrect bases 0f estimates, technical problems, or

material rate changes. Correcting a performéance problem should necessitate the idg
causes for the performance problem through the analysis and team review of the pg

ariances are defined by two categoties:
t variances: variances incurred in a given reporting period;

htive variances: sum of the yariances incurred in the total reporting periods to date.

[anagement actioncsheuld be required when either the cumulative cost variance or

organizati

One should
being defi
largest va

Additional
a)
b)

reside

ariance is greater-than the defined threshold, as defined by project or programme g
nal governanéeor contract.

| identify-reéporting elements that have significant cost or schedule variances, with
ed as«excéeding the variance reporting threshold. One should also identify elemen{
iancesand the largest budget.

ant change

b baseline.

1s with the
ducting an

roject or programme status can be expressed in terms of cost and schedule variances using

are often
inforeseen
ntification
rformance

rumulative
overnance,

significant
s with the

in the risk register;

sit on the critical path;

¢) have follow-up being conducted from the previous reporting period.

5.10.6.4 For those reporting elements identified as significant, one should graph and analyse the trends for

performan

a)
b)

ce indicators, such as:

schedule variance;

cost variance;
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c) variance at completion;
d) schedule performance index;

e) costperformance index.

5.10.6.5 Control account managers should analyse their variance trends and perform variance analyses to
describe the cause of cost and schedule variances, as well as impacts to the project or programmel®l,

Possible causes of cost variances can include the following:

a) changesinlabour and overhead rates;

b) changesinmaterialeosts;

¢) incorrect planning assumptions, i.e. basis of cost estimates;

d) lower productivity than expected due to insufficient skills;

e) no learning curve allowance for tasks where experience is low;
f) expengive resources used on simpler tasks;

g) unnecg¢ssary activities being performed.

5.10.6.6 Possible causes of schedule variances include the following;

a) poor sthedule baseline that does not reflect the way work is being performed;
b) incorrect planning assumptions, in other words, basis, ef'Schedule estimates;
c) insufficient resources;

d) wvolatiljty of scope;

e) work gtoppages;

f) identified key staff absences;

g) non-sequential work performed;

h) unnecg¢ssary activities beingperformed.

If the trendls for the reportingelement are worsening, new or recurring risks should be identified, and the
risk and isgue registers ot similar documents should be updated respectively. Variances can also e positive
or favourable. Positive variances can present opportunities for the project or programme managgment team
and should be analysed. A positive variance should be analysed for issues with cost or schedule ¢stimating,
such as wark activities that have not been undertaken, and training or other activities not taken that were
part of a wprk¢ackage to enhance the team performing.

—prog ager-and-controlaceotr ag etd—a ; re—performance
indices for trends and future cost and schedule outcomes that predict and indicate whether there is sufficient
management reserve to cover any forecasted overruns.

5.10.7 Review comparative data

5.10.7.1 Project or programme personnel should look to other performance measures to:
a) determine whether the earned value management data reported reflects the project or programme status;
b) help improve the accuracy of the variance analysis;

c) assess the impacts to the project or programme.
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A source of comparative data should be the schedule. A consideration should be whether the schedule
variances reported in the earned value management data can affect the critical path, thus the overall
schedule. The reported schedule should reflect the schedule delays and impacts to subsequent activities.
Additionally, members of the project or programme management team should provide input on the technical
details of identified problem items, as gathered from the team members. An understanding by the project
and programme management team of emerging technical problems can provide an early indicator of future
cost and schedule performance. Only where the three major areas of cost, schedule and technical scope,
along with their associated risks, are examined can the management team attain an overall view of the
project or programme.

5.10.7.2 Supporting information should be examined, including:

a)  progrigssreportsand mecting minuiog
b) schedyle;

¢) technigal metric reports;

d) documlents reporting contract status;

e) riskarnd issue registers;

f) advice|from relevant controls and technical leads.

5.10.7.3 The following considerations should be addressed, including;

a) forecapt dates in the schedule agree with the informationyderived from earned value mpnagement
reports;

b) explanations provided by the control account managers agree with the latest undersfanding of
problejm areas;

c) corrective actions proposed are assessed as adequate to address the problem;
d) consistent negative trends have been explained adequately;

e) schedyle and cost forecasts are reflective of the trends;

f) knowr] problems that have not bBeen identified in the performance indices;

g) knowr] adverse impacts to milestones that have not been identified in the data.
5.11 Step 10: Take management action

5.11.1 General

Managemeint action can occur at any of the levels of responsibility and accountability defined by the
organizatiti)nal, project or programme governance or contract terms.

Management action should be auditable, traceable and involve future project or programme activities.

Taking management action can occur at different levels of responsibility within the established managerial
boundaries according to the escalation procedures and processes within the governance, project or
programme management plan or contract terms and conditions.

5.11.2 Types of management actions

5.11.2.1 Management action for projects or programmes fall into two categories:

a) re-planning and changing the performance measurement baseline;
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re-planning the future without changing the performance measurement baseline.

5.11.2.2 The decision to change the baseline should result from the project or programme management
team and relevant stakeholders recognizing that the current performance management baseline no longer

portrays a

a)
b)

feasible future. The change can be done for the following reasons:

significant overperformance to date that creates a need to review for risks;

meet the performance measurement baseline targets;

9

actions are needed;

d) changg

The chang
achieve thd

Changing f{
actual pas
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or adjustm
programm,
programm|

The action
programm|

5.11.3 D¢

Earned val
decisions.
team to md

This decis
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to develop
also be an
can be inte

severe underperformance to date that makes it impossible to recover from negative variances and to

risk treatment actions no longer achieve the residual risk position, and new or revised risk treatment

s have been approved and planning documents should be updated per the approved\cl

bd performance measurement baseline should be able to be used to demonstrate th
deliverables or outcomes and benefits stated in the planning documents.

he planning documents without changing the baseline occurs when(presented witl

variance or a projected potential future variance. The objective i§ to set outcome |}
1 a relatively short-term period. This action often takes the form of developing
ent plan that differs from the baseline in the short-term, but in the longer-term the
e manager maintains the baseline plan as the planned way to continue performing thg
e work.

s described in the prior paragraph should only be undertaken if the organizational
e governance, or terms and conditions of the contractallow for such actions.

cision-making

ue performance analysis should produce information and data for the management teg
An understanding of potential risk and-uncertainty can be included to allow the m
ke risk-based decisions.

on process should provide an understanding of how the integrated elements of the
e are performing. This information can support a diagnosis of the root causes and, i
potential management actions and assess the impacts of those actions. Situational awd
important factor in decision-making. Various environmental factors both internal af
brated into the decisioh-making of the management team, such as changes in commodit

transportation costs and re-organization.

EXAMPLE
managemer]
a software
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t team note.that human resources effort is driving performance: a group of programmers i

roject erprogramme plan. In this case, savings from cuts in quality control activities, such as c
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pde reviews

have generdted reweork. The programmers are running out of time, and the future schedule performance i

to complete
with contin

onrtime is high. Adding extra new resources cannot be effective, whereas extending the sched
led’allacation of the existing resources can prove an effective decision

T

dex needed

ule combined

5.11.4 Lessons learned

The use of earned value management can enhance the development and use of lessons learned for the
following reasons:

a)
b)

9

it widens the range and in-depth visibility of project or programme performance;

project or programme future.
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The rigor, the objectivity, the traceability and the wide range of scenario analysis provided by the use of
earned value management can provide the material for a useful lessons learned process.

5.12 Step 11: Maintain the baseline

5.12.1 General

Maintain the baseline is the process by which recognition of changes to the baseline plan due to scope
changes, resource constraints or reallocation is accomplished (see 5.12[61). This process should be aligned
with the earned value management system to define applicable conditions for changing the baseline. This
process should be done to protect the integrity of the scope, the schedule and the cost. The process for
maintaining the baseline should document and mange changes to the baseline documents from the original

baseline tfirough previously approved changes. This step should be accomplished through t

of identify
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Four guide
forecast urf
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lines should be followed for the introduction of approved changes; any chahge not ap
til approved, unless superseded by events, such as change in scope to which’the changg
ge needed is different than what is forecasted. The guidelines that should be followed

red changes on scope of work, schedule or budget;
s should be documented and traceable;

dget transferred out of management reserve should be equal to that transferred into t
r risk treatment actions;

Ctive changes to baseline schedule, cost or scope sh@uld not be made, but documented i
fiance.

hanges to the baseline can occur due to riskchanging, being realized, or no longer being d
case, approved risk treatment actions can be transferred into or out of the baseline. This basg

ntext

e are internal and external‘changes that occur, the maintenance of the baseline
ed through the respective category of the change. Maintaining the baseline should be |
g a process involving:

ication of potentjal change;

entation of the\potential change;

ral of the potential change;

e process
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b can apply,
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onsidered a
line change

should be
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e)
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5.12.3 Ba

ration of the apprnwnr‘ r‘]’\angn order.

seline plan

The baseline of the plan should be established through review and approval processes (see 5.12[6]). Once
the baseline is approved, it should be considered as a controlled plan, thus the baseline can only be changed
through approved change orders. The performance measurement baseline should be the original baseline
plus approved changes.
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5.12.4 Change order process for maintenance of baseline

5.12.4.1 General

The maintenance of the baseline should have a process flow, as shown in Figure 3.

Change
identified or directed

Prepare baseline
change proposal

Evaluate baseline
change proposal

Yes

Approve?

No

Incorporate baseline
change proposal

5.12.4.2 (hange.identification

A potential change can be identified by any project or programme team member, but the change s

be placed ofare the decision-malkers for determination to enter the r‘hnngp control process hy th

Revise and resubmit

No

Record as cancelled or
rejected

Figure 3 — Process flow for maintenance the baseline

hould only
following

roles: the project or programme management team or manager, project or programme steering committee,

sponsor, or customer.

5.12.4.3 Documentation

Documentation for change control, including presentations or other communication supporting the potential
change, should be produced using the governance procedures and processes for project and programme
management. The documentation should be reviewed for scope, schedule, cost and risk changes. The
information should then be recorded in the baseline change proposal.
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5.12.4.4 Evaluation

The baseline change proposal should be reviewed by the project or programme management team for
approval by the responsible manager, per the planning documentation or as stated in the governance
documents. Proposals should be evaluated in reference to the remaining budget, schedule, scope and
identified remaining risk, as well as any pending preventive or correction actions that are awaiting
implementation. Once this portion of the evaluation is accomplished, evaluation analysis by the customer
and sponsor should be reviewed and a plan to implement any approved change should be developed.

5.12.4.5 Approval

The baseline change proposal should be approved or rejected by the project or programme manager, change

ard or other person, or organizational structure identified for that purposeJ.u_th_%overnance
documentdtion or contract. Approvals should be logged and submitted by the managemenk team for

control bo

incorporatjon in the baseline.

5.12.4.6 Rejected baseline change proposals

Depending| upon the governance procedures and processes, rejected baseline (change propos
reviewed, potentially revised and resubmitted for the process. Cancelled baselinie change propo

be recorde

5.12.4.7 1

Approved

change w3
into the cul
acceptable
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d in the project log.

ncorporation

baseline change orders should be incorporated into_thé baseline in the period for
5 approved. If the approval has retroactive scope, schedule or budget, it should be in

»mentation of earned value management system reviews

"'view

hrned value management system has been established, the system should be revi
uld establish whether or not'the earned value management system is being operate
es with recognised standards. The customer can request these reviews or in some
ns can operate an internal review process against the recognised standards.

f an earned value management system can assist with the confirmation that the
F managementprocesses for managing scope, schedule, cost, risk, change and repor
review can alse'confirm the team and structure to manage delivery in a controlled ma

s of conducting a review of the earned value management system can include:

als can be
sals should

which the
corporated

Irrent period and the variance explained, no changes to the project or programme to ¢ate can be

bwed. This
d properly
instances,

project or
ting are in
nner.

through reviews that are pre-planned checkpoints;

d)
e)

helping to reduce project implementation risks;

programmes, where appropriate;

)

supporting the implementation of earned value.
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Earned value management system reviews take one of three forms: integrated baseline review,
demonstration review or surveillance review. Of these review forms, the integrated baseline review can
take the most time and effort to organise, conduct and report the findings (see Annex B).

Demonstration and surveillance reviews should be conducted by organizations using earned value
management. Such reviews should serve to validate systems and to provide information to the project and
programme management teams for system improvements. Integrated baseline reviews appear in Annex B.
These reviews are commonly conducted by governmental organizations as part of their due diligence in
regard to governmental funding.

6.2 Demonstration review

Once a ney has been
implement review in
that the dmonstratlon review focusses on the earned value management system to validate th¢ system.[]
The earned value management system should be checked for compliance against the earhed valje criteria.
An integrated baseline review can consider only one reporting cycle. A demonstration/review should be
held after pufficient periodic reports have been reviewed and issued to provide trénds and fofecasts for
managerial analysis and corrective actions.le]l The demonstration review should also'be able to dfaw upon a
larger amopunt of data relating to management of risks and treatment strategies actions.

The same process used for conducting an integrated baseline review can béwused. The demonstration review
report shofild be written in much the same way as an integrated baseline review report and should be based
on the follgwing guideline groups:

a) organigation;

b) plannipg, scheduling and budgeting;

c) risk;

d) accounting;

e) analysjis and management reports;

f) revisigns and data maintenance;

g) team Hehaviours;

h) senior|management support.

The demonstration review shiould assess the earned value management system against the eafrned value
management governance,standards or guidelines, as specified by the organization or contract|Particular
attention ghould be pajdvto scheduling interviews with other senior managers or heads off functions,
including gommercialjlegal and financial. These actions should help in understanding how the edrned value
management system integrates with and supports other functions within the organization.

6.3 Suryeillance review

6.3.1 In order to confirm that an earned value management system governance, standards or guidelines

are being maintained, periodic surveillance should be conducted throughout the remaining duration.

There is the possibility that the project or programme organization has changed considerably since the last
baseline review, as to the following:

a) contra
b)
9]

d)

ct clauses;

governance and working practices;
software and office locations;

legislation, including health, safety and environment;
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supply chains, including company acquisitions, mergers and demergers.

a) provides timely and reliable cost, schedule and technical performance information directly summarised
internal management system;

b) complies with the earned value management governance, guidelines or standards employed in the
project or programme plan or contract;

¢) provides timely indications of risks or issues that can affect project delivery;

d) maintains baseline integrity;

e) provides accurate and timely information on performance trends and forecasts;

f) provides comprehensive variance analysis at the relevant level, including proposed and chosen
corrective actions and how the corrective actions can affect scope, schedule, cost, risk, change control
and ovierall performance reporting.

7 Cost Lnd schedule performance measurement analysis using-earned value

management data

7.1 Overview

The projec

example of
Each sub-s

L or programme management team should evaluate variances and metrics at each work |
structure level: work breakdown structure element, controlaccount and work package. See Tal

a hierarchical work breakdown structure defiiing a system with two electronic sub-systems.
ystem comprises hardware and software components to be developed, integrated and

Table 6 — Example of a WBS integrated with EVM level and BAC values

breakdown
le 6 for an

tested.

WBS level WBS number EVMlevel WBS item BAC
1 1 WBS System $52500
2 1.1 CA Electronic component 1 $12 250
3 1.1.1 WP Hardware 1 development $3000
3 1.1.2 WP Software 1 development $3750
3 1,13 WP Integration and test 1 $5500
2 1.2 CA Electronic component 2 $14 000
3 1.2.1 WP Hardware 2 development $4000
3 1.2.2 WP Software 2 development $4000
3 1.2.3 WP Integration and test 2 $6000
2 1.3 CA Program management $5250
2 1.4 CA Systems engineering $10500
2 1.5 CA Integration and test $10500

Cumulative and current month or established period of review variances should be collected at the work
package or lowest level. Control account and work breakdown structure values should be calculated by
summing the lower-level values.

Reviewing and analysing earned value management measures and metrics at every level of the work
breakdown structure should allow the management team to understand how each part of the project
or programme is performing. This insight should help the team identify problem areas and implement
preventive and corrective actions at the level where the issues exist to keep the project or programme on
cost and schedule.
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7.2 Performance measurement indicators and predictors

Performance measurement analysis should begin with understanding the earned value management
measures and metrics. Table 7 summarizes the earned value cost performance indicators, predictors and
associated benefits.

Table 7 — Purpose and benefit of earned value management metrics

Key indicator Benefit of earned value management metric
The benefit of this measure should include enabling understanding of the cost performance relative to the progress achieved
as measured by earned value and the actual costs incurred to the status date.
Cost variance The cost variance should be calculated using the earned value unit of measure such as money or labour hours.
A negative cost variance indicates that the project or programme is over budget or underperforming.
A pOSItIVE Cost variance can indicate that the project or programme Is under budget and exceeding the cosj performance
planned or overperforming.
The benefit of this measure should include understanding where the project or programme is relative to the time-ghased budget.
The schedule variances should also be calculated using the earned value unit of measure, such as ofmonéy or Igbour hours.
Sch_edule Anegative schedule variance can indicate that the project or programme is notachieving progress as méasured by earned value
variance at the rate planned or underperforming, which can indicate that the project is behind schedulet
A positive schedule variance should indicate the project or programme is achieving progressas measured by earrjed value more
rapidly than planned or overperforming, which can indicate the project or programme is ahead of schedule.
The cost performance index should also enable understanding of cost performance r¢lative to the progress achjeved as meas-
ured by earned value.
The index can provide an early warning into whether a project or programme isomtrack, over or under budgetfrelative to the
progress achieved.
Animportantuse of thisindex can be as a performance factor in the indepefident estimate at completion predictipn calculation.
Cost The following scenarios describe the assessment of the cost performarice index:
performance a) equal to one, indicates that to date, cost performance is progressing as planned;
index b) less than one, indicates that to date, progress is being achieved at a greater cost than planned, whifh implies the
project or programme has a cost overrun;
c) greater than one, indicates that to date progress is\being achieved at less cost than planned which impllies the project
is under budget.
Cost performance index can also be used to evaluatetrends and as performance factor for calculating independent estimates
at completion.
The schedule performance index should also provide early warning into whether the progress is on track, ahead of or behind
the planned spend profile.
The following scenarios describe the assessment of performance from the schedule performance index:
a) equal to one indicates that to date, the schedule performance is progressing as planned;
Schedule . . . . . . . C
performance b) les_s than one indicatesthat to date, the project’s progress achieved is behind the time-phased plan, whi¢h can indicate
index a schedule slip;
c) greater than oné€ indicates that to date, the project or programme progress achieved is ahead of th¢ time-phased
plan, which can indicatethe project or programme is ahead of schedule.
Schedule performance-ifidex can also be used to evaluate trends and as performance factor for calculating indgpendent esti-
mates at completion:
Variance at completion is the delta between the budget at completion and the estimate at completion.
If this varianCeis negative, the project or programme is over budget. If the variance is positive, the project or programme is
Variance at under budget.
completion A bernefitof this measure can be quantifying the difference between the budget at completion and the project ¢r programme
manager’s estimate at completion.
Another benefit can be providing an alert that the feasibility and affordability of completion should be investigated.
The to complete cost performance index measures the expected cost efficiency needed to meet the approved Hudget at com-
pletion or the estimate at completion.
To complete cost | The benefit of this metric can be to allow the assessment of the feasibility of achieving either the budget at completion or the
performance estimated cost at completion.
index If the expected efficiency is determined to be significantly different from the historical efficiency achieved, the project or
programme management team should re-evaluate critical assumptions and risks, as well as consider updating the planning
documentation.
Independent The independent estimate at completion should use the historical cost, schedule or a combination to determine the performance
estimate at efficiency achieved to date to calculate estimated completion costs.
completion These estimates can be used to check the feasibility of achieving the bottoms-up ETC and EAC.
NOTE 1SO 21508:2018, Table A.1 provides further information on these key indicators and predictors, including abbreviations and formulae used to calculate

them.

The cost and schedule variances and indices should result from the earned value process. Project and
programme managers should expect variances throughout the lifecycle and should use the variances to
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understand project and programme status, opportunities and identify problem areas needing further
attention.

The benefit of earned value management metrics should be achieved by analysing the areas with the largest
variances to understand the root cause of the problem and develop corrective and preventive actions (see 7.4).

The four potential scenarios are:

a) negative cost and negative schedule variance;
b) negative cost and positive schedule variance;
c) positive cost and negative schedule variance;
d) positiye cost and positive schedule variance.
However, dne should recognize that these calculations and associated analysis should alse.0ccufr using the
current mgnthly data and at all levels of the work breakdown structure.
7.3 Costland schedule performance measurement scenarios
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Figure 4 shows an example where both the cost and the schedule variances are negative:

a)
b)

cost variance is indicated by the distance between the actual cost line and the earned value line;

schedule variance is indicated by the distance between the planned value line and the earned value line.

The cumulative cost variance is calculated to be -8 000, and the cumulative schedule variance is calculated
to be -4 000, which means that the project or programme is spending more and taking longer to accomplish
the work than planned. Therefore, when the data reflects a negative variance, the respective index is less

than one: CPIis 0,778, and SPI is 0,875.
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Figure 5 — Example of a negative cost and positive schedule variance

Figure 5 slhows an example where the cost variance.is negative and the schedule variance is pgsitive. The
schedule vpriance is indicated by the distance betiveen the planned value line and the earned|value line.
The cumulptive cost variance is calculated to be-=3 500, and the cumulative schedule variance is| calculated
to be +3 5(0. These variances demonstrate-that the project or programme is spending more to accomplish
the work than planned and completing thework faster than planned. When the data reflects|a negative
variance, the respective index is less than one: CPI is 0,778. Conversely, when the variance is ppsitive, the
respectivelindex is greater than one{SPl is 1,109.

© IS0 2024 - All rights reserved
51


https://standardsiso.com/api/?name=a7d3a90d98f1b28ac992fdb8b09b8118

ISO 21512:2024(en)

60 000
==
50000 Se===
-
-
f”’
40 000 »Z
rd
-~
"
L d
30000 >
rd
L4
’I
I' 0".'
20 000 225 e
"I - o°°
P oo’
14 000 — .::
a““ﬁﬁ
0 L==7"
Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep Oct | MNov | Dec
et— BAC| 52500| 52500 | 52500| 52500 | 52500| 52500 | 52500 | 52500 | 52500 | 5250052 500 | 52 500
=a= PV | 1550 | 3500 | 7300 | 12000 | 19 000| 26 000 | 32 000 | 37 500 | 43 500 |48.000 | 51 000 | 52 500
EV 1400 | 3400 | 6800 | 11000 | 16500| 23000 | 28 000
eestes AC 1400 | 3400 | 6500 | 9500 | 13000| 20 000 | 24 000

Figure 6 — Example of a positive cost and negative schedule variance

Figure 6 slhows an example where the cost variance is positive and the schedule variance is negative. The
cumulativg cost variance is calculated to be +4 000, and the cumulative schedule variance is|calculated
to be -4 000, which means that the project or programme is spending less to accomplish the [work than
was planned and is completing the work more slowly than was intended. Notice when the co$t variance
is positive,|the cost performance index is greaterthan one: CPI is 1,167, and when the schedule variance is
negative, the schedule performance index is lesstthan one: SPI is 0,875.
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Figure 7 — Example of a positive costiand schedule variance

Figure 7 shows an example where the cost variance and schedule variance is positive. The cumylative cost

variance i
means that

calculated to be +8 000, and the cumulative schedule variance is calculated to be +4
the project or programme is spending less to accomplish the work than planned and is performing

000, which

the work faster than planned. When the dataaeflects a positive cost variance, the cost performlance index

is greater
greater than one: SPIis 1,125.

7.4 Bengfits of performance@easurement analysis

7.4.1 Gepneral

Earned valpe managemerntshould provide a structured framework for planning and implementat

han one: CPI is 1,286, and the schedule variance is positive, the schedule performance index is

on. Earned

value manpgement sheuld provide data to support the project and programme team's decisjon-making
process. One of theprimary benefits of earned value management should be using the measures gnd metrics

to develop

This benef

actionable updates to the technical plan.

t'of earned value should come from the use of accurate data. Therefore, periodically

ronducting

a data qua
Data quality checks can include:

a)

b)

equals the budgets authorized for those control accounts;

9
d)

earned value and actual cost at the top level of the work breakdown structure;
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the work breakdown structure elements, the integrated master schedule, and the cost report allowing
earned value measures to be calculated at all work breakdown structure levels;

the sum of all work package budgets plus planning package budgets within control accounts, which

the sum of the planned values of control accounts, which equals the budget at completion;

the sum of all control accounts' earned value and actual cost, which equals the cumulative value of
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riance analysis

changes to the budget at completion or estimate at completion from the prior report, explained.

Variances, both small and large, can occur during the project or programme performance. Small or less
significant variances should achieve balance over time and should not require immediate attention. Large
or more significant variances should be an indication that management attention can be needed to minimize

the impact

on the project or programme.

To differentiate between small variances and large variances, projects or programmes should identify
variance thresholds. Variances below the threshold should be evaluated as part of the analysis process,
but these variances should not automatically invoke management attention. Variances above the threshold

should init
root cause

Threshold{
unique to {

Once the significant variances have been identified using the thresholds, the variances’should be

allowing t}

issues first].

The varian
include org
analysis sh
for the are

Once the 1
should upg
dates, upds:

The varian
current an

7.4.3 Es

Evaluation|
estimate
earned v.
To calculat
should rev
upon this 1
likely case
about the

least annuj

EXAMPLE
1SO 21508:2

b

ate a root cause analysis. A preventive or corrective action or change control can res

It from the

analysis.

to establish variances to be considered significant should be defined at the beginning

e management team or project or programme management office to.address the high

ce analysis process should be defined at the beginning of the project or programme
anizational and customer stakeholders, as well as the consideration of the various risk
ould be done by the project or programme managementteam member or members T
h of the issue or risk.

oot cause and recommended course of action haye*been established and approved
ate the planning documents. Updates to the plafiniing documents should result in ng
ited estimates to complete, and an updated risk or issue register.

l cumulative variances.

[imate at completion

of the variances and respective updates to the technical plan should inform the up
completion. The manager's estimate at completion should be developed by eva
e management performance to date and estimating the cost to complete the rema

ew the updated plan, assess current risks, external factors and inputs from stakehol
eview, the project or programme manager should develop a best case, a worst case
The differeriée’among these estimates should primarily be the management team's as

ly, based-on internal organizational governance or at an interval that assist in project

In ‘addition to the PM's EAC, teams can also calculate an IEAC using the formulae d
018, Table A.1 where PF is either CPI or SPI or a combination of both.

hat project or programme. However, a good practice can be to use a thresholdjof £10 %.

and can be

prioritized
bst priority

hnd should
s. Variance
esponsible

, the team
w forecast

ce analysis process should be done at every work breakdown structure level and consider both

Hate to the
uating the

ining work.
e the estimate to complete the remaining work, the project or programme manage(Enent team

ers. Based
hnd a most
sumptions

isk. The project or programme manager should provide an updated estimate at completion at

control.

escribed in

IEAC =

where

IEAC
BAC
CPI

BAC

CPI

is the independent estimate at completion;
is the budget at completion;

is the cost performance index.
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AC+(BAC—EV)
PF

or, [EAC =

where
IEAC is the independent estimate at completion;
AC is the actual cost;

BAC is the budget at completion;

EV is the earned value;
PF prarred-finishdate:

The calculated values of IEAC, using the data from the scenario described in Table 6 are:

— 1pac4BAC 52500 ¢ uey
CPI 0,778
(BAC—EV) (52500-32000)
— IEACFAC+~———=—""2-36000+ =62350
0,778
(BAC—EV) (52500 —32000)
— IEAC3AC+———"2=36000+ =59429
SPI 0,875
(BAC—EV) (52500 —32000)
— IEACFAC+——"2=36000+ =66114
CPIxSPI 0,778x0,875

Calculating a range of values for estimate at completion should help the project or programme manager
assess the|probability of achieving the objectives against.thé’ current planning documents, as ell as the
related cogt and schedule estimates to complete.

7.4.4 Usjng the to complete cost performance index to assess the feasibility of the project|or
programnje plan

The to complete cost performance index should be calculated against the latest budget at completion and
estimate af completion values.

EXAMPLE Using the data from the seenario described in Table 6:

_(BAC-EV) (52500-32000) _

= = =1,242
(BAC-AC) (52500-36000)

— TCPI(HAC)

where

TCPI is the to,complete performance index;

BAC isithe budget at completion;

EV is the earned value;

AC is the actual cost.

The TCPI value indicates that in order for the programme to achieve the current BAC, the programme
will have to perform with a cost efficiency of 1,242 for the remainder of the programme. Given that the
cost efficiency to date is 0,778, it is improbable that the programme will achieve a cost index of 1,242.
Therefore, this indicates the current BAC is incorrect, and the PM should develop a more realistic EAC.

— TCPI calculations can also be done against the IEAC, in this case, as [EAC equals to 67 481, the TCPI is:

_ (BAC-EV) _(52500-32000)

- = =0,651
(IEAC-AC) (67481-36000)
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is the to complete performance index;

is the budget at completion;

is the earned value;

is the independent estimate at completion;

is the actual cost;

indicating that a cost efficiency of 0,651 is necessary for the remainder of the project or programme to

achievrmmmm
efficiemncy, the programme has a good chance of meeting the programme objectives with the EA

7.4.5 Ev

74.51 T
performan|
of trend d4
evaluate th

7.4.5.2 T

a) Cumul
month|
This
Howey
in the

5

hluation of trends

he earned value management metrics should provide a view of the historical cost an
ce for the current reporting period and cumulative performance to date, In addition, the
ta should allow the manager, management team, or project or proggramme manageme
e probability of achieving the contracted cost outcomes.

here can be a variety of ways to calculate trend data, as indicated by the following:

htive moving average: The cumulative moving averagetrend should be calculated by

er, the measure can have the disadvantage ofihot allowing early insight into short-ter

y cost variances and dividing this sum by the total number of reporting periods. Se
easure should flatten out variances to provide(an overall view of the project or p

tatus.

rrformance
C of 6 7481.

d schedule
evaluation
nt office to

adding the
e Figure 8.
fogramme.
m changes
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Figure 8 — Cumulative moving cost variance average

window moving average: The(sliding window moving average should be done us
cal value window and a set of selected data points to calculate a monthly average. Th

| 9, using the same data“as in Figure 8, one can see the three-month moving aver
ce has a more significant downward trend than seen in Figure 8.

ng a fixed
is measure

provide early insight intdvemerging trends and allow the project or programme thanager to
tand sudden changes to'the health and status, which can indicate an emerging prpoblem. See

hge of cost
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7.4.5.3 In addition to trend data, the project or programme management team should |conduct a

comparatiye analysis among the earned value data, the“integrated master schedule, the register|of residual

risks and pny technical metrics. In general, the measures and metrics across these domains| should be
consistent] A project or programme with significant negative schedule variances can manifest as

a) integrated master schedule with forecasted finish dates later than the original baseline dates;

b) risks rot being addressed as planned;

c) technital metrics not maturing.ads quickly as initially planned.

7.4.5.4 The following reviews should be part of the earned value analysis:

a) changegs to the performance measurement baseline. Changes to the performance measurement baseline
can hgppen as-part of the natural progressing. A constantly changing performance mdasurement
baselime can indicate the project or programme team is struggling to resolve critical issug¢s or has a
changing futetional baseline;

b) staffinig répo e overages

or shorfalls;

0

lessons learned database for any applicable lessons that can be applied to the earned value analysis.

The earned value analysis should result in a management report discussing the significant variances,
preventive or corrective actions, changes to the integrated master schedule, updates to the risk management
plan, changes to the performance measurement baseline and updating the resource planning documentation.
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8 Earned schedule implementation

8.1 Overview

Earned schedule measurements can be made throughout the lifecycle. The measurements should apply
equally well to projects and programmes that are early, late or on-schedule.

For projects or programmes that are on schedule, there should be no variance in the measurements. For
projects or programmes that are early or late, there should be variance in measurements of past performance
and in estimates of future performance.

The variances should be able to be calculated, interpreted and communicated.

Earned sch
can then b¢
accounts.

Analysis o
Where pro

Earned scli
analysis.

8.2 Performance measurement metrics, indicators and predictors

Implement]
metrics, in

edule measurements should be collected at the lowest level of detail in the schedule
e summed up as a whole or for parts of the schedule, such as the critical path, milestone

[ the different parts of the schedule should help the management team identify prol
blems exist, the team can implement preventive and corrective actions té-keep on schg

edule measurements can be used with network schedule analysis,'risk analysis and

ation of earned schedule performance analysis should.start with an understanding
Hicators and predictors (see Table 8).

Table 8 — Earned schedule measuremernt type, term and description

Variances
5 or control

lem areas.

dule.

root-cause

of its basic

ES measur
type

bment

Term

Description

Metrics

ES
measure

The number of periods in thie performance measurement baseline in which the eafned value is
greater than the planngd,value.

AT

The number of time_periods between the planned start date and the date on which the project

data is reported.

PD

Time span fremi'the project or programme planned start to the planned finish, measured in any
selected pnjt-of accrual for earned value, such as day, week or month.

ED

TimeSpan from the project or programme planned start to the estimated finish, megsured in any
selécted unit of accrual for earned value, such as day, week or month.

SV

Schedule variance (time) is the difference between the earned schedule and actual time.

One benefitis thatit quantifies in time units, the variance between earned schedule and actual time.
A negative variance indicates the project or programme can be behind schedule.
A positive variance indicates the project or programme can be ahead of schedule.
A variance of zero indicates the project or program can be one time.

The schedule variance (time) can be used to assess the feasibility of achieving the planfed duration.

Schedule performance index (time) quantifies the schedule efficiency achieved as a rffatio.

Indicators

SPI(t)

The time-based efficiency at which earned value is accrued by the project or programme enables
an understanding of past schedule performance and enables estimates of future outcomes.

The following scenarios describe the assessment of project or programme performance from the
schedule performance index (time):

a) equal to one, indicates that to date, schedule performance in time-based units is progressing
as planned;

b) lessthan one, indicates that to date, schedule progress is being achieved slower than planned,
which implies behind schedule;

c) greater than one, indicates that to date, schedule progress is being achieved faster than planned,
which implies ahead of schedule.

Schedule performance index (time) can also be used to evaluate trends and as a performance factor
for calculating the independent estimates at completion (time) and the independent estimate of
the completion date.
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Table 8 (continued)
ES measurement Term Description
type
The variance at completion (time) is the difference between the planned duration and the esti-
mated duration.
Ifthis variance is negative, the project or programme is behind schedule. If the variance is positive,
the project or programme is ahead of schedule.

VAC(t) ) . ) o ) . .

A benefit of this measure is quantifying the difference between the planned duration and project
managers estimated duration.

Another benefit is providing an alert that the feasibility of achieving the planned duration can
need investigation.

The burndown should give insight into actual schedule performance relative to planned accom-
plishment

Burndown can be useful for communication within the project or programme team and with

ES stakeholders.

burn- If earned schedule is less than the difference between planned finish and plarined start, the project

down or programme is behind schedule.

If earned schedule is greater than the difference between planned finish and plannfed start, the

project or programme is ahead of schedule.

If earned schedule equals the difference between planned finish and/planned start, the project or

programme is on schedule.

To complete schedule performance index is the ratio between the amount of duratjon objective

achieved and the amount of duration objective that should have been achieved.

Benefits of this index include its use to not only ass€ss the future efficiency requirgd to achieve

time-based targets, but also to assess the project hanager’s estimated duration.

The future schedule performance efficiency requited to meet these targets can be conppared to the
Predictors TSPI efficiency achieved to date as measured by schedule performance index (time). Thi§ comparison

can enable the feasibility of achieving the planned duration or estimated duration to|be assessed.

Additional benefits can include:

a) enabling an assessment of the feasibility of recovery from poor performance tq achieve the

target objectives of planned duration and estimated duration;

b) comparing a threshold value\to invoke project or programme attention.

The independent estimate ateempletion (time) uses historical schedule performance, performance

factors to calculate an estimate of project or programme duration.

The use of schedule-performance index (time) as the performance factor assumeg that future

schedule performance will be comparable to schedule performance to date.

IEAC(t) |Differences between the independent estimate at completion (time) and the planned fluration and
the project manragers estimated duration can be used to assess the feasibility of achjeving either
outcome,

Differences between the estimated and planned duration can be compared to threshpld values to

cause\project or programme attention.

The.independent estimate at completion date equals the start date plus the estimateld duration.

The purpose of independent estimate of completion date is to express duration as 3 date rather
IECD than as a time increment.

This metric can enable schedule performance impacts to be easier to understand and d
and can also enable a direct comparison of the critical path calculated completion d4

ommunicate
te.

Project angl pfegramme managers should expect variances throughout the lifecycle (see 7.2). 1

'he earned

schedule ipdicators and predictors should be used to understand, document and communicatle schedule

status. Once problem areas are identified and root cause analysis performed, if determined one is needed,
preventive or corrective action steps can be developed.

8.3 Earned schedule performance measurement scenarios

8.3.1 General

The following scenarios present examples of indicators and predictors shown in Table 8.

Each scenario includes reference to those specific indicators and predictors shown in Table 8. In some cases,
there can be multiple indicators and predictors needed for the evaluation presented in the scenario.
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The sequence of the example scenarios follows the sequence of indicators and predictors in 8.2, except for
the variance at completion time. This metric is included in the independent estimate at completion time
scenario and the independent estimate of completion date used in each scenario. The scenarios also vary
by start point, finish point, and whether the points occur early, on time or late. A selection of on time and
late scenarios are used, but there are no early start scenarios, as earned schedule measurements can be
generated only in relation to the performance measurement baseline.

8.3.2 Earned schedule burndown with on time start, late finish

The earned schedule metric can be used as an indicator. The earned schedule metric should be compared
with the amount of schedule planned to be earned.

. If earned
d schedule

If earned schedu
schedule iggreater than planned duratlon the project or programme is ahead ofschedule Ifearne
equals plamned duration, the project or programme is on schedule.

The compdrison can be represented visually in a burndown chart of planned versus €arned sthedule, as
shown in Higure 10.
10 60000
o |l N L 50040
el - 4000
6 *\\\
NS - 30000
\\
4 >,
.o L 20000
2 - 10040
0
0
Jan | Feb | Mar |Apr'|May | Jun | Jul | Aug| Sep | Oct | Nov | Dec
<[~ - Bamedschedule | g o751 g05 | 713276213 | 5357 | 4,429 | 3,667 | 3
burndown
~—— Planned burndown 9 8 7 6 5 4 3 2 1 0
Planned value 1500 |(3500 | 7300 |12 000|19 000|26 000/32 000|{37 500({43 500|52 500
Earned value 1550% 3400 | 6800 |11 000(16 500|23 000|28 000|32 000
Figure 10 — Earned schedule burndown
In Figure [10, the ¥ebtical axis represents the total number of time periods planned for the|project or
programme. The horizontal axis represents the estimated duration. The estimate of completion ¢late can be

used in place of numerical periods.

The planne P
period should be used for each period planned. The line should start from when the schedule is first earned
and extend to the last scheduled period.

The earned burndown line should show how much time has actually been earned. It should be calculated
by decrementing the total remaining time by the amount of schedule that has been earned. The line should
start from the point at which schedule is first earned and extend to the last scheduled period.

If the earned burndown line is above the planned burndown line, the project or programme is behind
schedule. If the earned schedule burndown line is below the planned burndown line, the project or
programme is ahead of schedule.
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In the example, the chart shows in August, or period 8, that the programme is behind schedule and the
variance is widening. It appears likely that the finish will occur later than planned. Therefore, the estimated

duration is

greater than ten periods.

The earned schedule should continue to be calculated based on the performance measurement baseline,
in which planned duration remains at ten. If earned value continues to increase, the earned schedule
ultimately reaches ten, but only does so once the period exceeds ten. A negative schedule variance (time)
should indicate the project or programme is behind schedule.

The results of the implementation of earned schedule calculations and analysis should further aid in the
decision-making process. The results of calculation and analysis should be applied to decision-making.

The content, media and timing of communication for the purpose of decision-making should be in a

communic
plan, and t

The plan s
used to as
projects ol
decision-m

The burnd
that the pr

8.3.3 Sd

Schedule
variance (t

Schedule

The amout
manageme

The schedy
of schedulg
finishes be
schedule v
is ahead orj

Finally, as
for plannin

Schedule v

rtio ptam The projector programe mmanager stoutd-be Tespornsibte forthe formuly
he management team should be responsible for approving it.

hould identify the types of communication, such as Figure 10, and measurements tha
bess their effectiveness as described or stated in the organizational govermarce doc

programmes. Communications should express schedule performance.ift) units me:
akers.

pwn chart should be used to visually communicate to the management team and st
bject or programme is or is not on schedule.

hedule variance (time) with on time start, early finish

ariance (time) is the difference between the earned schedule and the actual time
ime) quantifies the variance between earned schedule and actual time.

it of schedule variance (time) can be compared with a threshold value, which should
nt team to understand how efficiently the schedule is performing (see 8.4).

(le variance (time) should be acdupate across a lifecycle. If a project or programme fini
, the schedule variance (time) ends above the nominal value of 0,0. If a project or g
hind schedule, the schedulevariance (time) ends below the nominal value 0,0. The am|
hriance (time) should indicate the number of periods or partial periods the project or g
behind schedule.

h numerical measurément, the schedule variance (time) should provide a structured
g and a data point for detailed problem identification and analysis.

hriance (time) can be represented visually in a chart, as shown in Figure 11.

tion of the

[ should be
uments for
iningful to

hkeholders

. Schedule

ariance (time) that is negative should indicate“the project or programme is behind schedule.
Positive variance should indicate the project or programme is ahead of schedule.

enable the
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rogramme
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rogramme

framework
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Figure 11 — Schedule variance (time)

The vertica
value, if an
which is ud
the origina

laxis represents the schedule variance. It starts at 0 and increases to the highest obsery
. At the same time, it decreases to the lowest observed\negative value, if any. The hori
ually set at the estimated duration, can be set at the planned duration to maintain the
| timeline. The estimate at completion date can be:rsed in place of numerical periods.

ed positive
rontal axis,
Visibility of

The nomin|
first perio
between t]
in which v

d from the
s of values
irst period

al value should be represented as a straightline at a value of 0. The line should exten
l to the last period. The schedule variange (time) should be represented as a serie
e highest and lowest values. The schedule variance (time) line should extend from the
1lue is earned to the actual time.

[1, the project starts on time and at a higher level of efficiency than planned. Thq
fo improve as the project proceeds. The improvement can be assessed against thi
if variance analysis and mahagement attention are needed.

efficiency
esholds to

In Figure
continues
determine

Halfway through the planned duration, efficiency continues to improve. This trend should be analysed (see 8.5).

With sched
schedule c
manageme
period is r¢

ule variance at tilme’equal to 1,571 and actual time at ten or October, the decision to gshorten the
hn be made following discussions with the performing organizations, the project or grogramme
nt team along-with a review of any relevant past projects or programmes. In the example, if one
bmoved, the/éstimated duration equals 11, which is not shown.

The earne
in which p
period bef

l schedule should continue to be calculated based on the performance measuremer
anned duration is 12. Assuming value is earned at the same rate, earned schedule i

re-the planned finish, which is not shown, and the schedule variance at time finishes a

It baseline,
5 12 at one
1,0, which

is not shown, indicating that the project finished one period ahead of schedule.

The schedule variance (time) should allow the quantification of schedule performance efficiency throughout
a project or programme lifecycle. It should inform detailed analysis and decision-making within a structured
framework.

8.3.4 Schedule performance index (time) with late start, late finish

The schedule performance index (time) should indicate whether or not time is being used according to plan
and how well or poorly time is being used.
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If time is being used according to plan, the schedule performance index (time) should be at a nominal level
of 1,0. If the project or programme is behind schedule, the schedule performance index (time) should be
below 1,0. If the project or programme is ahead of schedule, the schedule performance index (time) should
be above 1,0.

To assess schedule performance against time, the schedule performance index (time) can be compared with
a threshold value. Threshold values can be located in a governance document, plan or contract. Variance can
be used to understand how efficiently the schedule is performing (8.4).

The schedule performance index (time) is a ratio. One of the benefits of its use should be that it applies
to projects or programmes of varying size. For the same reason, it should apply when diverse project or
programme management approaches are used. The schedule performance index (time) should be accurate
across a lifecycle.

If a project or programme finishes behind schedule, the schedule performance index (time) endq below 1,0,
rather than at 1,0. If a project or programme finishes ahead of schedule, the schedule performance index
(time) ends above the nominal value of 1,0.

Finally, the schedule performance index (time) should be used to quantify schedulé efficiency.|Numerical
measurements should provide a structured framework for planning and data for detailed problem
identificatijon and analysis.

The schedule performance index (time) can be represented visually in a chart'(see Figure 12).
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]
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Jan(| Feb | Mar | Apr [May | Jun | Jul | Aug| Sep | Oct| Nov| Dec | Jan
_|____ Schedule performance
index (time) 0 | 0484|0873 | 097 |1,062 | 1,067| 0,957 | 0,929 | 0,889 | 0,867
- Nominal 1 1 1 1 1 1 1 1 1 1 1 1 1
Planned value, 1500 | 3400 | 6800 |11 000|16 500|123 000] 28 000|35 000 |41 000|46 000|49 000|52 500|52 500
Earned value 0 [1500] 5500 |10500[18500(25000|26 500|31 000(35 000]39 000

Figure 12 — Schedule performance index (time)

The vertical axis represents the index value. It starts at 0 and increases to the maximum observed value.
The horizontal axis represents the estimated duration. The estimate of completion date can be used in place
of numerical periods.

The nominal value is represented as a straight line at a value of 1,0. The line extends from the first period
to the last period. Schedule performance index (time) is represented as a series of values between 0 and
the maximum value. The line for schedule performance index (time) should extend from the first period in
which value is earned to the actual time.

In Figure 12, the project experienced a late start. Earned schedule calculations should account for the
deviation. The earned schedule is 0 for period 1, or January, and as a result, schedule performance index
(time) is O for that period.
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In spite of a slow start, the schedule efficiency improves rapidly. Within three periods, the schedule recovers
to the nominal value and continues to improve. Mid-way through the project, however, efficiency begins to
decline, eventually dropping below the nominal level.

Schedule performance index (time) is 0,867 for period 10. The planned duration is at risk. A decision can be
taken to add a period (see 8.4).

In Figure 12, if one period is added, the estimated duration is 13, which is not shown. However, the earned
schedule continues to be calculated based on the performance measurement baseline, in which planned
duration is 12. Assuming value is earned at a similar rate, schedule performance index (time) is 0,923 at one
period after the planned finish, which is not shown.

Measures of schedule efficiency express how well the quantity of value delivery matches the planned

quantity.
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they meet the planned quantity. By contrast, schedule adherence is either on plan
Hherence is sensitive to the sequence in which deliverables are completed.

edule should measure schedule efficiency with indicators such asSchedule perform
hed schedule should measure schedule adherence with indicators such as p-factor.

| 2, the schedule performance index (time) increases rapidly. One disadvantage of t}

0,688, 0,837, 0,879. The variance from the nominal value of 1,000 indicates that rew

1le performance index (time) should quantify schedule performance efficiency thro

framework, and it applies equally to projects or programmes of varying size and m

ndent estimate at completion (time) should estimate the duration that can be needed ]
or programme. [t assumes that future schedule performance can be comparable t
ce.
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lues.
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completed,
br off plan.
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ks can be done out of sequence. Such tasks can need rewotrk, when more informatign becomes

m is indicated by the p-factor. During the first fewrperiods of the schedule in Figlire 12, the

ork can be
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he schedule performance index (time) supports detailed analysis and decision-making within a

Anagement

Independent estimate at completion (time) and variances with late start, on time finish

o complete
0 previous

mance and
ariance of

imate (see

The independent estimate at completion (time) and variance can be used to assess the feasibility of the
planned duration. Differences between the estimate and the planned duration can be compared to thresholds
to cause project or programme management attention (see 8.4).

The independent estimate at completion (time) and variance can be represented visually in a chart (see
Figure 13).
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Figure 13 — Independent estimate at completion (time)-and variances

Huration. The estimate of completion date can be usedin place of numerical periods.

al value is the planned duration. It is represented as a straight line at the number

periods. The line extends from the first period to the Jast period. The independent estimate at

(time) and

|13, the vertical axis represents duration in time perieds. It starts at 0 and incred
ration, estimated duration, or variance, whichever is greatest. The horizontal axis rep

1ses to the
resents the

of planned
completion

variance are represented as a series of vallles starting at the first period in which valufe is earned

deviation.
uary.

and ending at the actual time.
In Figure 13, the project experienced a late.start. Earned schedule calculations account for the
The earned schedule is 0, and the independerit estimate at completion (time) is 0 for period 1, Jan
For period|1, January, if,
PD—-ES

IEAC(t)zAT+(g)
where

IEAC(t) is the ifidependent estimate at completion (time);

AT isctheactual time;

PD {5-theplanned-duration;

ES is the earned schedule;

PF is the planned finished date.
when PFis 1,0, then IEAC(t) is 13, as shown. If

PD
IEAC(t)=
SPI(t)
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IEAC(t) isthe independent estimate at completion (time);

PD
SPI(t)

is the planned duration;

is the schedule performance index (time);

then SPI(t) is 0, and no value is available for IEAC(t). In both cases, the period has no statistical variance. For
period 1, the IEAC(t) does not provide a sound basis for decision-making.

In Figure 14, after a late start, the increase in earned value is gradual. As a result, duration estimates
improve but do so slowly. The steady convergence on the planned duration by both the independent estimate

at complet

Further ey
completior
duration. T|

In Table 9,
the timelin

OT (tie) and vartance make an on-time finish feastbte:

ridence for this conclusion comes from the variance at completion (time). The ¥
for time is the difference between the independent estimate at completion (time)and t
he variance at completion (time) offers a numerical representation of convergence.

from period 2, February, through period 4, April, the variance decreasSes, but mid-w
e, the variance begins to increase.

Table 9 — Example of variance at completion-[time)

ariance at
he planned

hy through

Month
January | February | March | April May June July | August | September | October
VAC(t) -1,00 -1,03 -0,53 -0,48 | -0,55 -0,7% -0,80 -0,71 -0,50 -0,05

There is a 4teady rise until period 7, July. At that point, the variance decreases rapidly, ending justfabove zero
(0). Convergence on zero (0) variance supports the conelusion that the project or programme will finish on
time. The independent estimate at completion (time).ahd variance should enable the project or grogramme
management team to assess the feasibility of the planned completion date. The quantitative medsurements
can be conlpared to thresholds to indicate the need for management attention.

8.3.6 To|complete schedule performance index with on time start, late finish

Some earnled schedule measurements;such as schedule performance index (time), are descriptive. Other

earned scl
contrast, t
needed to {

To comple
planned duy

In the cont

Total

ledule measurements, such as independent estimate at completion (time), are pre
complete schedule performance index is prescriptive. It prescribes the future perfory
ichieve the desiredidiiration.

e schedule performance index is a ratio between two differences: the difference bg
ration and theearned schedule and the difference between a total duration and the ad

ext of theplan, the total duration is given by the planned duration, and the formula is:

PD-ES

dictive. By
nance level

rtween the
tual time.

lUration =
DN AT

where

PD
ES
AT

117 411

is the planned duration;
is the earned schedule;

is the actual time.
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In the context of estimates, the total duration is given by the estimated duration and the formula is:

Total duration = ﬁ

where
PD is the planned duration;
ES is the earned schedule;
ED [sthe estimated duration;
AT is the actual time.

The estimated duration can be based on analysis of past performance or on other facters. An pxample of
the former| is statistical analysis of past schedule performance (see 8.3.3). An exaniple of the latter is the
manager’s estimate (see 8.4.4).

To completle schedule performance index can be used to assess the feasibility)of the planned o1 estimated
duration. Hor this purpose, to complete schedule performance index should be compared with a specific
threshold value of 1,10. Once the threshold is breached, the duration can be regarded as unrecoverable. (see 8.4).

To completle schedule performance index can be represented in a chart, as shown in Figure 14.
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0
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= = = To.complete schedule
performance index | L111| 1063 | 103 | 1,035 | 1,043 | 1,054 | 1,097 | 1,182
——=Fhreshold 1,1 1,1 11 11 11 1,1 11 1,1 1,1 1,1
Planned value 1500 | 3500 | 7300 |12 000| 19 000/ 26 000|32 000|37 500/ 43 500/ 52 500
Earned value 0 | 2500 6500|11000|17 50024 50030 25035 500

Figure 14 — To complete schedule performance index

In Figure 14, the vertical axis represents the index value. It starts at 0 and increases to the maximum
observed value or to the threshold value, whichever is greater. The horizontal axis is set at the estimated
duration. The estimate of completion date can be used in place of numerical periods.

The threshold is represented as a straight line at 1,10. The line extends from the first period to the last
period. To complete schedule performance index is represented as a series of values between zero and the
maximum value. The line for to complete schedule performance index extends from the first period in which
value is earned to the actual time.
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In Figure 14, the project experienced a late start. The deviation is part of the earned schedule calculations.

With no ea

rned value in period 1, January, the amount of earned schedule is zero.

If the formula for to complete schedule performance index uses planned duration, the value of the index is
1,111. The threshold is immediately breached.

If the formula for to complete schedule performance index uses estimated duration, the value of the index

varies, whi

ch is not shown, depending on the type of estimate that is used.

For period 1, neither formula can provide a sound basis for decision-making because of the absence of
earned value.

After period 1, the earned Value increases but does not fully recover. A shortfall grows, and to complete

schedule pe A0;

to complete schedule performance index can be compared to threshold Values to assess, thi
management attention. The trend of to complete schedule performance index values(sho
considered (see 8.5).
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e schedule performance index should help the management teamddentify the perfory
hchieve the desired duration. By comparing the needed level of performance to thresh
hin assess the need for management attention.

pfits of schedule performance measurement analysis

neral

earned schedule can provide benefits as partiof a structured framework that can b
cation of problems. Related benefits includéproviding data for root-cause analysis, r
hd support for actionable responses.

bfits can be maximized through variance analysis against thresholds, suitable org
data quality assurance.

riance analysis
both large and small, eah occur during the performance of the project or progran

variances indicaté.that management action should be taken to minimize the impact aj
ce (see Table 10),

should balance out ‘over time and do not need immediate management attention|
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To differentiate betwieen small variances and large variances, the organization, management team or

contract sH

ould spegify variance thresholds (see 7.4.1).
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Table 10 — Earned schedule measurement, practice threshold and description

measure

Earned schedule

Practice threshold Description

ment

(time)

Schedule variance

Schedule variance is greater than or less than 10 % or the agreed thresh
period to the next.

SV(t) is 0,355 in period 6 and SV(t) is 0,500 in period 7 for a variance of

Upper bound: +10 %
Lower bound: -10 %

old from one

-40,8 %.

Schedule

performance index

Upper bound: +10 %
Lower bound: -10 %

period to the next.

Variance in index is greater than or less than 10 % or the agreed threshold from one

Schedule performance index (time) is 1,067 in period 6 and schedule performance

time . . . : . .
( ) index (time) is 0,957 in period 7 for a variance of 10,3 %.
Estimated duration is greater than 10 % of planned duration or less than 10 % of
Upper bound: >10 % planned duration or agreed upon threshold.
N
Lgfﬁgg?:g? of planned duration | Planned duration 1s twelve periods, and independent estimate at compjetion (time)
. o4 |is thirteen periods.
completion (time) Lower bound: <10 % p

The estimate is less than 13,2 and greater than 10,8.
Achieving the planned duration can be feasible.

of planned duration

To complete
schedule
performancq

Variance in index greater than 1,10 or agreed upon threshold indicates
duration could be unrecoverable.

To complete schedule performance index is 1,182. Once the variance ¢
management should monitor the situation.

Once the variance exceeds 1,10, the planned duration could be unrecov

Upper bound: >1,10

index Lower bound: <0,99

the planned
xceeds 0,99,

brable.

Earned sche
burndown r
accomplishe

The planned duration is the threshold value:

Analysis is based on the shape and orientation of any gap between the p
tion and the earned schedule.

Hule
hte
d

Planned duration

anned dura-

Variances
variances 4

Individual
threshold K
variances

Once a pro
team to ad

For the hi
and comm

implement
NOTE ]

Implement]
also should

Results of
the variang

Results of

that do not breach thresholds can be evaluated as part of the response to varianc
hould not automatically invoke management attention.

variances that breach threshold values can causé management attention. Overuse of
reaches, however, can undermine the usefulpess of variance analysis. To avoid overuse
an be used in conjunction with trend analysis (see 8.5).

blem has been identified, it should beprioritized. This identification should allow the m
iress the problems identified as highest priority first.

bhest priority problems, the next steps should be root cause analysis, remediatio
Linication with the managément team. If the team approves the remediation plan, if
ed.

'he remediation actipn\plan can also be known as the corrective action plan.

ation of the remiédiation plan should include updates to the plan, forecasts and risk
include preventive and corrective actions.

preventive)actions should be monitored to track whether the preventive actions have
e fromrecurring. Preventive actions should be entered into the lessons learned datab

b, but such

individual
individual

Anagement
h planning
should be
register. It
prevented

ase.

back to the

corvective actions should be monitored, leading to either the closure of the issue or

start of the process. In either case, results should be communicated to the management team.

8.4.3 Organizational design

The organizational structure that supports variance analysis should be defined and approved at the
beginning of the project or programme. The structure can vary from organization to organization, but each

should alig

n with the organizational governance documentation.

The roles and responsibilities for variance analysis can be defined as:

a) project and programme managers should be responsible for enabling the variance analysis process to
be defined, approved by the management team, and communicated to the team and other stakeholders;
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ible should

b) project and programme managers or their delegates should be responsible for calculating earned
schedule metrics, indicators and predictors;

c) project or programme management team or their delegates should be responsible for identifying
variances, determining whether management attention is needed and communicating such variances to
the team and other stakeholders;

d) project or programme management team should be responsible for understanding and approving the
variance analysis process;

e) project or programme management team should be responsible for prioritizing problems once they are
identified by variance analysis;

f)  projecerprograpmemanagementteam-showld approveremediationplansand-enablepreblems to be
resolved.

The variarce analysis process should be performed by a member or members of the management team.

Evidence of variance can occur remotely from its cause. The team member or members réspons|

be from the area or areas causing variance, rather than areas where the evidence appears.

8.4.4 Data quality assurance
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ative planned value should be greater than 0, The effect of this action is that the sf
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no early starts in which activity occurs butno value is planned should be allowed.
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programime is new.

ative earned value should_hot be greater than the maximum planned value, regard
rhich the maximum is.reached.

| period, the earned value should equal the planned value. It is possible for the
e to be termipated before this point is reached but earned schedule measurements
mpletion.

r of periods in the baseline can differ from the number of periods in the current plan. C
erformed as of a certain period. The period should occur between the earliest datein t
e latest date in either the baseline plan or current plan, whichever is later.
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less of the
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alculations
he baseline

8.4.5 Variance analysis, and project or programme manager's estimate at completion (time)

The project or programme manager’s estimate should set variance limits for the estimate at completion (time).

The manager’s estimate should be developed by evaluating similar historical plans, risks (see 9.1) and
external factors, and by eliciting input from stakeholders. The estimate should include a best case, worst
case and most likely case.

The manager’s estimate should be reviewed at least annually or according to the organizational, project or

programm

e governance or contract guidelines.

In addition to the manager’s estimate, project or programme teams should also calculate the independent
estimate at completion (time) using a formula referenced in Table 11.
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Table 11 — Formula and rule for calculating independent estimate at completion (time)

Formula

Rule for calculating estimate at completion (time)

IEAC(t)=

PD
SPI(t)

This formula should be used when the SPI(t) is assessed as most likely to represent future
schedule efficiency and where the variation in SPI(t) across periods is stable.

This formula should be used when alternative performance factors are assessed to be
more likely to represent future schedule efficiency.

Examples include:

a) the assessment that future schedule efficiency should be according to plan in spite
of the past schedule performance;

b) cumulative measures of schedule performance index (time):

IEAC(t)=

1) moving average;
2) sliding window moving average;

3) prior period three month or selected other periods suchhas/a six mdnth or nine
month moving average;

c¢) other performance factors that can be assessed as likely to reprefent future
schedule efficiency.

The indepgndent estimate to completion (time) should be used in conjunctign with its variance. The variance
can be set| by the manager’s best case and worst case estimates, or’by statistical analysis of historical
schedule efficiency.

The indepgndent estimate to completion (time) and variance can then be used with the thresholds|referenced

in Table 10|to assess the probability of achieving the objectives as represented in the plan.
8.4.6 Aspessment of the indicators and predictors against thresholds

8.4.6.1 Harned schedule burndown rate accomplished

The earned schedule burndown rate accomplisShed (see 8.3.1) should be used to communicate whether the

project or programme is behind, on or ahedd of schedule. A widening gap between the planned dyration and

earned sc£

dule can imply schedule performance is worsening. If the gap is above the planned dufration line,

the project or programme could be lagging behind schedule. If the gap is below the planned dufation line,

the project{ or programme could be-preceeding ahead of schedule.

8.4.6.2 Ychedule variance {time) and schedule performance index (time)

Variance ahalysis of schedule variance (time) (see 8.3.2) and schedule performance index (time)|(see 8.3.3)
should be fised to asses§ and communicate whether the project or programme is or is not on scijedule. The

metrics shpuld alsodndicate how well or poorly the schedule is performing.

If there is|no threshold breach, the project or programme should be considered to be perforyming well.
If there is jacthreshold breach, the project or programme can be considered to be performing poorly and

therefore,

H H + £ ot A3 Land) L4 A3 i) 14 1
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cause analysis, remediation planning and implementation, and communication.

Inferences about future effects on finish date should be made cautiously, as there are indicators and
predictors specifically for future effects.

8.4.6.3

Independent estimate at completion (time)

The independent estimate at completion (time) and its variance (see 8.3.4) should be used to assess the
feasibility of finish date. If the independent estimate at completion (time) and its variance are within 10 % of
the planned duration, the planned duration should be feasible.
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If the independent estimate at completion (time) or its variance are +10 % or the threshold stated in the
governance documents of the planned duration or the value set by the organization, project or programme
governance, or contract, there is a threshold breach. The breach can indicate that the planned duration
is not feasible. The breach should cause a detailed analysis to be made and the attention of the project or
programme management. The detailed analysis should entail root cause analysis, remediation planning and
implementation, and communication.

If risk analysis (see 9.1) has been performed, the project or programme should use schedule buffers as
thresholds for independent estimate at completion (time). The lower bound should be set by the duration
of the performance measurement baseline and the upper bound by the duration of the performance
measurement baseline plus schedule reserve.

The independent estimate at completion (time) and its variance can be used in conjunction with trend

analysis (see 8.5), risk analysis (see 9.1) and indicators, such as schedule performance index
8.3.3) and|to complete schedule performance index (see 8.3.5) in making judgments and_¢om
estimates related to finish date.

8.4.6.4

Once the independent estimate at completion (time) and its variance (see 8.3.4)\are in place, the
e manager can assess the schedule performance efficiency needed~to meet the finish date. The
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threshold value in the governance documents, the project)or'programme can be recove
F has experienced.

1,10 or the governance stated threshold is exceeded, the to complete schedule pe
indicate the need for detailed analysis and management attention. Individual me3
lete schedule performance index that are greater than 0,99 or the governance stateq
se detailed analysis and management attetition. Each threshold metrics can also de
ce for such actions in the organizational-project or programme governance or contract

measurements of the to complete schedule performance index should also be a
if escalation is needed (see 8.5).

L completion (time) and\its variance (see 8.3.4) to assess the feasibility of meeting thg
independent estimate at completion (time) and its variance can be used to set the obj
blete schedule performance index can be used to gauge its achievability.

[ariance use€ySeparate or together

ledule indicators and predictors can be used separately or together. Individual meg
1sed Separately, only if they breach thresholds by more than 20 % depending on orgd
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8.5 Trend analysis

8.5.1 Ge

neral

From one period to the next, there is natural variance in schedule performance. If that variance happens
to cross a threshold value, it can signal a need for management attention. Although such cases should
have variance analysis by the project or programme manager, the decision can be not to escalate to the
management team.

Trends should be comprised of three or more consecutive earned schedule measurements. Trends should
have two properties: direction and magnitude.
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Direction is the period-to-period rise or fall in a measurement relative to a target value. Magnitude is the
period-to-period percentage change in a measurement. Both properties should be used in trend analysis.

To merit analysis, the direction of the consecutive measurements should diverge from or converge on a
nominal value or in the case of the to complete schedule performance index (see 8.4.5), the threshold value
of 1,10 or a value that can be set forth by the organizational, project or programme governance or contract.

If there is no divergence or convergence, there can be no breach. The risk of a breach is in the movement of
the trend in a specific direction.

A trend that crosses the nominal value of a measurement or crosses thresholds that bound the nominal value
should cause management attention.
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Figure 15 — Magnitude of trend and threshold
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riance analysis and management attention.

percent difference swings from repeated-ificreases to a decrease. The percentage c}
 breaches the good practice of a 10 % threshold that the organization is using.

oking project or programme management attention, the context of the observat
red. Schedule efficiency has consistently improved for five preceding periods, a
to the planned level. The question should be whether the measurement in period 7, Ju
hly or is it an inflection pointjthe first indication of declining efficiency.
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In Figure 16, the trend breaches the threshold value of 1,10 used for this example in period 8, August, which
should trigger a request for the attention of project or programme management.
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Table 12 — Schedule performance index (time) improvement profile

W Tor improvement1s U,006. The schedule performance index (time) improvement required is 29 %.

Recovery period
August September October
Required schedule performance index (time) 1,051 1,144 1,236
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Table 13 — Schedule performance index (time) past performance

Month
January | February | March April May June July
Schedule performance index (time) 0,000 0,750 0,930 0,947 0,957 0,964 0,958

The probability of recovery is 51 %.

The window of opportunity for improvement is narrow. At 0,006, there is little time remaining. Significant
improvement in efficiency should be made. Historical efficiency rates in periods 1 through 7, January through
July, are lower than the required rates in periods 8 through 10, August through October. The probability of

recovery can be low.
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erview

htion of earned value management with risk management should enable uncertaintie
fied, assessed and treated according to the govergnance for the project or programme ¢

ies and risks should be addressed using the risk management process. Managemg
established outside of the performance measurement baseline, with a suitable mec
Lo the baseline.

Dject or programme risk context

nt and acceptance. Risks that have an impact on the organizational business case
dentified and treatment actions considered, dependent on the risk tolerance of the org
t or programme caontext should be recorded, including the objectives, needs and scq

nce should be/determined to establish how much risk the project or programme can acc
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bmmodate.

b) how much'risk can be held within the risk register:;

¢) whatr

d)

isk exposure can be covered by management reserve;

level of risk occurrence that can trigger a management review.

This information should be documented and can be used to inform management decisions.

The organization should select a tool for their risk management system that allows for formal, controlled
changes, approvals, authorized users and procedures. An initial risk register for the project or programme
should be created during the business case development or similar documentation.

Risk should inform each step leading up to and including the creation of the performance measurement
baseline, and the subsequent integrated baseline review. During implementation, the focus of risk should
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change to governance in support of management action to maintain confidence that the project or
programme should be able to deliver against the organizational business case objectives.

Risk management activities performed during the lifecycle should address the uncertainties and risks found
in the various elements of the project or programme, such as cost, schedule and scope.

Risk management should be performed iteratively throughout the earned value management steps.

9.1.3 Intersections between risk management and earned value management processes

Used together, earned value management and risk management can support enhanced forward planning

and decision-making to increase the likelihood of achievement of deliverables, outcomes and benefits.
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During steps 1 to 6 of the earned value process, risk management focus should be on risk assurance (see

Clause 5).

9.1.4.2 Step 1: Decompose the project or programme scope

During scope breakdown, any assumptions relating to the scope can be identified and recorded as risks in
the risk management system. These risks should be identified against work breakdown structure elements
at the level most suited to understanding the potential risk impact.

A high-level work breakdown structure can provide a useful framework for risk analysis, risk reporting and
decision-making. Risks should be identified top down to maintain a focus on the objectives of the project
or programme. Where problem areas are discovered, further detailed risks can be identified by drilling
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down into the work breakdown structure at a lower level of decomposition. Systemic risks, common across
multiple projects should be managed collectively at the programme or organizational level.

9.1.4.3 Step 2: Assign responsibility

Assignment of responsibility should consider accountability for risk management activities. This assignment
approach can include defining responsibility for approving risk treatment actions, transfer and release of
management reserve, and risk reporting (see 5.3.1 and 5.3.2).

9.1.4.4 Step 3: Schedule the work

A schedule check can be performed to provide feedback that the schedule is robust. This schedule check
should include-reviewing-that-each-taskispreperylogic Hnkedenlyneecessarylagsteadsand-gonstraints

are used, and merge bias is avoided.

NOTE Merge bias is the effect of increasing risk by scheduling multiple near-critical paths in parallel. It is common
for one of tHose near-critical paths to overrun, causing a larger than expected project overrun,

Any risk treatment actions approved in the risk management system should be ineluded as scheduled work.
Traceabilitly of those actions to their risks should be available to allow the risks te b€ monitored and updated
based on the continued assessment of whether those actions will be completed-successfully and in time to
treat the risk.

Schedule buffers can be included to cover expected schedule slippage based on residual risk beinlg managed
in the risk management system. Such schedule buffers should he'based on an approved estimation or
calculation of necessary schedule reserve.

Where suitable data exists, schedule buffers can be calculated by running a Monte Carlo simuflation on a
schedule-checked risk schedule with approved risk treatinent actions, residual risks included, and level
of effort tasks excluded. The analysis should be carriedsout with a minimum of constraints applied to the
schedule t¢ allow both negative and positive variancet¢inform milestone confidence results.

A Monte (Jarlo simulation can inform the schedule risk analyst of critical and near-critical paths. Any
available schedule float should be utilised to gover risk occurrence during the Monte Carlo simulation, up
to the poirlt where float is exhausted. At this-point the sequence of tasks becomes critical and an overrun
is recorded. The likelihood and size of overrun is calculated for each milestone and schedule buffers should
be insertedl at the milestones most influencing the overrun. Monte Carlo simulation can demdnstrate an
acceptable|project outcome at a chosen confidence level, that covers both overrun and any necgssary task
constraints.

9.1.4.5 Step 4: Develop the time-phased budget

Progressive elaboration~should include reviewing and addressing known risks to meet orggnizational,
project or [programmeg governance, or contract needs. This progressive elaboration can include repeated
analysis arld re-assessment of risk and uncertainty following adjustments to the phasing of work

NOTE A Monte Carlo simulation can be used to calculate a combined schedule and cost risk analysi$, which can
include the testing of scenarios by systematicallv including and excluding risks and their associated treatment actions.
A cost benefit analysis can be used to calculate the return on investment in treatment actions, to decide whether to
treat, accept or transfer individual threat risks or to exploit, enhance or share individual opportunity risks.

Risk treatment actions included in the schedule should be assigned appropriate resources and budget to
implement those actions.

Any adjustment to the schedule that results in risk treatment actions being moved should cause the revisiting
of any associated risks and overall risk exposure, to ensure the adjustments continue to achieve the desired
residual risk position.

Some organizations can allocate extra budget to the baseline in the form of contingency reserve. This
practice can be carried out where the mechanism for authorising release of management reserve is held at
a much higher management level than the project or programme. If used, release of the contingency reserve
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should be operated in the same way as release of management reserve, whereby the reserve is allocated
to risk treatment actions related to specific risks in the risk management system. The reserves should be
placed as buffers after the scope to which the addressed risks refer.

There can be contingency reserves at various levels of detail, including the work package and activity levels.
The contingency reserves should be either converted into planned scope or when not used, released to fund
risk treatment actions in other parts of the project or programme.

Allocation of contingency reserves into the performance measurement baseline should be avoided where
possible. Such budget should be held as management reserve at the project or programme level, where
permitted per organizational, project or programme governance, or contract, and a mechanism for its
release against identified risks should be established.
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mance measurement baseline should incléde risk treatment actions needed to a
k position in the risk management system.

tep 6a: Set management reserve

he performance measurement baseline is completed (see 5.7), the management rese
fulated.

ement reserve should-be-alculated using risk analysis methods, based on residual risK

management system-’A pre-requisite for establishing the management reserve sho
isk treatment actioits are included in the performance measurement baseline and arg
led in a timelymhanner to achieve the residual risk position.

hce 'ean be included for emergent risks based on criteria that adhere to governan

Manageme

pgramme’s
o establish

actual and
0 expected
lule can be

Anagement

uld not be included in the performance measurement baseline because it provides budget for risk

ing risks.

chieve the

rve should

srecorded
1ld be that
resourced

uffers can\be included at key milestones in the schedule, to allow for residual scliedule risk
occurrencg.

ce policies.

treserve budget should be based on risk tolerance and approved according to orgd

nizational,

project or programme governance or contract terms (see Figure 17).
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9.1.49 §

Risk perfo
amount of

a)
b)
)
d)
e)

Manageme
to-date pr
informatio

actual
amour]
confid
confid

updatd

Schefule reserve

10 000

Oct

48000

Dec

52 500
52,500

Feb

52500

Jan
52 500

Nov
51000

52500
62 500.

Feb

3500

Mar

7 300
52500
62500

Jul

32000
52500
62500

Jun
26 000

Aug

37500

Sep

43500

Jan
1500

May

19000

Apr

12 000

5250052500 52500 | 52500|52500 52500 | 52500| 52500 52500| 52 500

— — = total project cost | 62 500 | 62 500 62500 | 6250062500 62500 | 6250062 500 62'500| 62 500| 62 500

Figure 17 — Total project cost

can be based on a pre-determined risk tolerance, thé\capacity of the project or pro
k or other agreed criteria. This process should include a final assessment of the risk
rement responsibility is established.

tep 8: Accumulate and report performance data

'mance indices can relate to measuring the success of risk treatment actions to dg
Fesidual risk and uncertainty. The data can include the following:

risk reduction from risk treatmentactions;

t of emergent residual risk;

ence of completing on-budget based on uncertainty and risks;

bnice of completing ani-time based on uncertainty and schedule risks;
d status of mandgement reserve.

nt reserve\should be re-calculated at every reporting period. This value should be bg
gress+ofirisk treatment actions included in the performance measurement baseling
h on potential risk impacts in the risk management system.

bramme to
5, checking

te and the

sed on up-
and latest

nnnnnnnnnnnnnnnnnn

e released

The differeénceinvatuebet

to or taken from margin. This action should only be done when there is sufficient evidence of project or

programm

e performance, for example, on the completion of a milestone.

When risk does not materialize, releasing budget to margin on a risk-by-risk basis should not be done. Budget
should only be released to margin following re-calculation of management reserve at a milestone, or when a
large variance or a significant event triggers management action, according to the organization, project’s or

programm

e’s governance process or the contract.
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9.1.4.10 Step 9: Analyse performance data

9.1.4.10.1 Risk performance indices can be useful when presented as trends because risk is probabilistic
and therefore, relative measures can be more useful than absolute calculated values.

Trend analysis can be useful to assess:

t of budget to cover the residual risk recorded in the risk management system;

amount and source of emergent risk, to inform the trajectory of future risk exposure;

management reserve usage and forecast to understand the likelihood the project or programme will

to inform

9.1.4.10.2
a)
run ou
b)
c¢) timeli
review
d) wuseof
to min
e) confid
residu
9.1.4.10.3
a) uncert
and on
b) what-i
reallod
9.1.4.104
a) failure
b) riskan
9.1.4.10.5
the budget
A key ques
reserve to
The budgef
programm|
9.1.4.11 S

Risk inform

ess and success of treatment actions needed to achieve the residual risk position
of the untreated position and the need for additional actions;

schedule reserve buffers, to inform future dependent tasks that can require re-schedu
imise unplanned costs and penalties;

enice of completing to budget and on-time based on remaining durations;.outstanding
h] risk position.

Risk analysis can be useful to perform:

-budget;

[ scenario analysis to provide recommendations ¢on any new risk treatment act
ation or schedule restructuring that can deliver imiproved outcomes.

Causes of cost or schedule variances can include the following:
to manage risks;

hplified by scheduling too many activities in parallel.

A data validity check shouldte performed to verify the management reserve budget sj
allocated to approved risktreatment actions during the current period.

Fion that project or programme and risk personnel should ask is: do we have enough m
cover the residual risk?

at completion/should be reviewed to provide a projection of overall affordability of th
.

tep 10:Take management action

hation should be included in regular management reviews and decision-making in ord|

ing in time

r work and

ainty analysis of the estimate to completion, to understand-the confidence of completing on-time

jons, work

bent equals

Anagement

P project or

er to agree

upon preverntive Or COTTECtive actiors.

The risk management system should be used as an early warning system to identify potential problems
and put risk treatment actions in place before the risks materialise. If the risks do materialise, then the risk
management system should record outcomes, actions and decisions made. This approach should provide an
audit trail in the event that future inquiries or lessons learned exercises are carried out.

At periodic reviews, intolerable and emergent risks should be assessed based on risk tolerance, and risk
treatment actions should be put in place to reduce those risks to a less adverse residual value. Risk treatment
action expenditure should be approved based on governance.
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Management action can involve release of management reserve into the baseline to cover the actions needed
to address unacceptable levels of risk. However, management reserve should not be used to fund scope
change or reduce variances.

Finally, a review of the high-level risks to the objectives can be undertaken. If the project or programme
management team is no longer able to meet the objectives for a set of identified metrics, management should

establish a

9.1.4.12 S

major review to establish the project’s or programme's ongoing viability.

tep 11: Maintain the baseline and management reserve

Risk treatment actions, including mitigation, exploitation, fall back and recovery, should cause a baseline
change. When the risk treatment actions are approved, they should be translated into work and associated

budget all

cated to the baseline. This baseline change should be a formal process that aligns

overnance

with the e3
of the scop

Earned va
making to
fluctuation
provide th
alongside ¢

After a find
the risk md

9.2 Inte

9.2.1 Ge

Connectioq
with critic

through th project or programme, as progress is«tecorded in each reporting period (see Figure 1}

Compariso
float erosi
(see 8.3.3),
the change

rned value management and risk management systems. This process should protectt}h
e, schedule and budget.

ue performance and risk management status reports should be aligned (to-enabl
be accountable for factors identified in both areas of reporting. Similarlygperforman
s can be indicators of underlying issues or risks. Therefore, stakeholder~communicaf
ht earned value performance metrics and information about risks are consistent and
ach other to enable stakeholder decision-making.

1l review of risks, the management reserve should be re-calculated based on the resid
nagement system.

prating earned schedule with the critical path

neral
) of earned schedule (see 8.2) and earned.¥alue management and integrating earne|
h] path should be established. The approach should be to use earned schedule on the c

ns should be made among and between the critical path, schedule variance (time) (see §

and the original critical pathilength. The critical path length index should also be plott
in efficiency needed to camplete the project to the original critical path duration (see

e integrity

b decision-
e variance
ion should
presented

hal risks in

d schedule
ritical path
8).

8.3.2), total

n, the independent estimate at cempletion (time) (see 8.3.4), schedule performance index (time)

ed to show
Figure 20).
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There shoyild be a direct correlation among total float etosion, schedule performance index

Figure 18 — Connecting earned schedule to.the critical path[12]

hriance (time). This correlation can be used as‘an early warning technique to help thg
e manager select preventive or corrective actions, and prioritise those actions.

hcess steps

s steps which should be followed are:

the schedule and identify the\critical path;

y any other schedule path's that need to be monitored in terms of total float;
earned value and.actual costs;

te

irned schedule (see 8.2),

hedulervariance (time) (see 8.3.2),

(time) and
project or

hedule performance index (time) (see 8.3.3), and

schedule v
programm|
9.2.2 Pr
The proces
a) create
b) identif
c¢) record
d) calculs
— ea
— sC
— sC
B an
e) plotth

d other schedule network paths, as needed;

e values for

schedule performance index (time) and the schedule variance (time),

total float versus the cumulative schedule performance index (time), and

schedule across the same period of performance.
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The graphs should be analysed for determination of the health of the project or programme by identifying
trends, patterns and forecasts

9.2.3 Cyclical process

9.2.3.1 General

A cyclical process can be used for analysis. The time frame for the cyclical analysis review should be
established using a stated timed cycle and quasi-static variables, such as activities and other time series data.

ISO 21512:2024(en)

9.2.3.2 Set the project baseline and identify critical path

Figure 19 |p

schedule w
using a fin

Table 14 py
the critical

path used to demonstrate the integration of the earned schedule with the’critical path.

Figure 19 — Example of a project network

rly ] Farly
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Table 14 — Analysis table for critical and secondary paths

Performance period
Task no. Indicator

0 1 2 3 4 5 6 7 8 9 10
SPI(p) — 1,00 0,80 1,00 0,60 1,60 0,80 1,00 0,90 1,30 1,00
SPI(c) — 1,00 0,90 0,93 0,74 0,93 0,90 0,93 0,92 0,95 0,96
SPI(t)(p) — 0,80 1,00 0,60 1,40 1,00 0,80 1,00 0,90 0,80 0,40
SPI(t)(c) — 0,80 0,90 0,80 0,95 0,96 0,93 0,94 0,94 0,92 0,87
Critical path SV(6)(p) —  -020 000 -040 040 000 -020 000 -010 -0,20 -0,60
1-5-6-7 SV — U020 —UZ0 =U60 U 20 =UZ0 =U4U =UZ0 =050 =0, 7P -1,30
ES(p) — 0,80 1,00 0,60 1,40 1,00 0,80 1,00 0,90 0,80 0,40
ES(c) — 0,80 1,80 2,40 3,80 4,80 5,60 6,60 7,50 8,3( 8,70
CPLI(c) — 0,99 0,98 0,95 0,98 0,98 0,96 0,95 0,93 0,94 0,79
IEAC(Y) 15,00 18,75 16,67 18,75 1714 15,31 15,70 15,67 '-15,48 16,2f 17,24

SPI(p) — 1,00 0,80 1,00 1,60 0,80 0,50 1,20 0,90

SPI(c) — 1,00 0,90 0,93 1,10 1,04 0,89 0,96 0,95

SPI(t)(p) — 080 1,00 060 1,80 1,10 0%0° 1,00 0,80

SPI(t)(c) — 080 090 080 105 1,06 <,097 097 095

SV(H)(p) — -020 000 -040 080 040) -0,50 0,00 -0,20

Sec"“l‘fgfi’ Path | sy — =020 -020 -060 020 <030 -020 -0,20 -0,40

ES(p) — 0,80 1,00 0,60 1,80 1,10 0,50 1,00 0,80

ES(c) — 0,80 1,80 2,40 4420 5,30 5,80 6,80 7,60

CPLI(c) — 0,97 0,97 0,89 1,05 1,11 0,91 0,83 0,00

Total float 4,00 3,80 3,80 3,40 4,20 4,30 3,80 3,80 3,60

IEAC(t) 8,00 10,00 8,89 10,00 7,62 7,55 8,28 8,24 8,42

The critical path runs through tasks 1, 5, 6, and,7 as shown in Figure 19.

Both the ctitical path and the secondary path, which is nearest in length, are treated as separatg networks.
The valueg for planned value, earned-value and actual costs should be captured for both, ag shown in

Figure 19.

The scheduile network shows the task duration in performance periods. These performance perjods can be
weeks, months or four-week periods depending on governance documentation and any contract terms. Total
float in thel network runsthiréough tasks 1, 3 and 4 and is a total of four periods.

There is nd additionalischedule margin shown as allocated to the critical path.

The longeslt path is-also the critical path which is a total duration of 15 periods.

9.2.4 Collect periodic performance data

The analysis should include the following steps:

a) calculate values for the latest period and cumulative;

b) schedule performance index (time) (see 8.3.3) and schedule variance (time) (see 8.3.2);
c) determine critical path length index;

d) compare independent estimate at completion (time) (see 8.3.4) for the critical path with the independent
estimate at completion (time) for the entire project;

e) review independent estimate of completion date (see 8.2) for the critical path and the entire project;
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compare the total float to the schedule performance index (time) with the schedule variance (time) values.

The values for schedule variance (time), independent estimate at completion (time) and independent
estimate of completion date should be reviewed.

The determination for independent estimate at completion (time) and independent estimate of completion
date should be checked against the critical path predicted completion date.

If there are divergences among these calculations, this determination should be used as a trigger to conduct
a more detailed variance analysis. The causes of a variance should be reviewed and understood by the
project and programme management team. The team should also understand the actual project status, as
well as whether the critical path has changed.

independent
Fitical path
indicators
that if performance does not change, the remaining work on the critical path will take longer. I1] summary,
recovery aftion is needed now to try to keep the project or programme on track.
Figure 20 shows that the schedule variance is the same as the total float positign: This situafion is true
because there is no additional schedule margin allocated.
Y Z
0 3,9
-0,1 - 3,8
-0,2 \ /\ - 3,7
- 3,6
-0,3 -
‘\ / \ | 35
-0,4 » ¢
\ - 34
-0,5 \ /‘\ - 3,3
-0,6 \/ * 132
_017 v = 3,1
-0,8 3
0 1 2 3 4 5 6 7 X
Key
X  perforthance period —e— schedule variance (time) cumulative
Y  schedufe variance.(time) cumulative total float
Z  total flgat
Figurg 20 — Comparison of schedule variance (time) and total float values path 1, 5, 6/Jand 7

Figure 21 shows that schedule performance index (time) and schedule variance (time) cumulative values are
trending in the same direction. Both are trending negatively. This analysis is reinforced by Figure 22 where
the critical path length index and schedule variance (time) are also trending negatively.
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1 -0,4
- -0,6
0,9 -0,8
- -1
0,8 \ -1,2
0‘7 T T T T T T T T T -1'6
0 1 2 3 4 5 6 7 8 9 X
Key
X perfformance period schedule performance index (time) cumulative
Y schiedule performance index (time) —e— schedule varidrice (time) cumulative
Z schiedule variance (time)

Figure 21 — Schedule performance index (time) versus schedule variance (time) cumulative values
for path 1,5, 6 and 7

Y Z

- \ L -0,6
0,6 -0,8

\ L 1,4

5 | | | | | | | | | | -1,6
0 1 2 3 4 5 6 Z 8 9 X
Key
X performance period critical path length index (cumulative)
Y schedule variance (time) cumulative —e— schedule variance (time) (cumulative)
Z critical path length index

Figure 22 — Comparison of cumulative values for schedule variance (time) against critical path
length index for path 1, 5, 6 and 7

Further evidence of poor performance can be seen in Figure 23 and Figure 24. A worsening earned
schedule is matched by an increasing total duration from the independent estimate at completion (time).
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By comparing the schedule variance (time) and schedule performance index (time) values with independent
estimate at completion (time) and earned schedule, the performance on the critical path is worsening, and
both the schedule variance (time) and the schedule performance index (time) are clear indicators that if
performance does not change, the remaining work on the critical path can take longer. Thus, the metrics
indicate a recovery action is needed to return the project or programme performing to plan. An analysis for
the management actions needed to achieve this should be done.

Y Z
20 1,05
18
16 . /\Y /"\"\-\_4./'/. [,
—x u
14 =
] B 0,95
12 ]
n
10 = 0,9
|
8 -
6 . /I/'/ - 0,85
Pl
4 ]
o - 08
2
— 0,75
o 1 2 3 4 5 6 7 8 90 11 12 13 14 15 X
Key
X perfformance period > earned schedule (cumulative)
timle —=s— independent estimate at completion (tifne)
Z schiedule performance index (time) schedule performance index (time) (curpulative)
original critical path u performance period
Figurd 23 — Graph of independent estimate at completion (time) versus earned schedyle and
schedule performance index (time) for path 1, 5, 6 and 7
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Figure 24— Comparison of independent estimate at completion (time) and schedule variance (time)

for path 1,5;6 and 7

9.2.5 Prpposed recovery action for the critical path

Trends, patterns and forecasts on the critical path can be shown by using the following queries ahd actions.

a) How are schedule variance (time)(see 8.3.2) and schedule performance index (time) (see 8.3.B) trending
on the(critical path when compared with the rest of the project or programme?

b) Isthe yalue of the independent estimate at completion (time) (see 8.3.4) versus the determiniptic critical
path dpration increasingyor decreasing?

c) Are the values for{critical path length index with schedule variance (time) trending ir] the same
direction? Are the&se metrics trending in the same direction as the to-complete schedule pgrformance
index flor the-ritical path?

d) Are themumber of critical and near-critical activities staying the same or are the number increasing?
Are th hyraanvuidontifiahln trandce A mattnrnc nmanraginag that can haln vath tho raneavaryg et an?

CTC Ty T Tt oo et Tt S O pat et St T g oot Tt ot Tp—vy o et Cov ey attroTl:

The options to control the project or programme's period and cumulative performances should be analysed
and reviewed. If there is an increase or decrease overtime, the following activities should be taken:

a)
b)
9
d)
e)

activities should be prioritised;
project or programme assignments should be adjusted;
project or programme should be renegotiated;

critical path duration should be determined;

© IS0 2024 - All rights reserved
90

determinations regarding use of schedule reserve, treatment of risks and use contingency should be done.


https://standardsiso.com/api/?name=a7d3a90d98f1b28ac992fdb8b09b8118

ISO 21512:2024(en)

If change control is needed and this action affects the schedule and the critical path, such change should
be implemented before the next period, otherwise calculations, analysis and decisions can be adversely
affected.

9.3 Integrating critical chain scheduling

9.3.1 General

Critical chain scheduling should combine both activity and resource constraints to develop a plan that
demonstrates how the project or programme can be completed on time or sooner.

The five-step process using the theory of constraints should be:

a) identify the system constraint;
b) decidelhow to exploit the constraint, such as increase productivity or increase capacity;

c¢) subordinate everything else to the previous decision, such as make changes m0t to overburden the
constrpint;

d) elevate¢ the constraint, such as change the way the constraint is used;

e) examine the impact of the change on other parts of the process and €heck if there is a new|constraint
that lifnits system performance and return to first step.

Different types of constraints should be identified (see Table 15).

Table 15 — Constraints types

Constraint type | Internal/external Description
Market External Exists when there is a deficit of capacity or productivity related to the
market needs
Includes production bottlenecks, long lead times, rework, qualityjand human
Resouices Internal

resourceavailability

Includes internal resource bottlenecks as: imposed activity time fonstraints,
Materfial External activity rework and decision process requirements, activity te¢hnological,
manpower missing availability or time fix deliverables or milegtones

Exists when unreliable suppliers, such as unacceptable produdt or service

Supplier Externgl quality, delivery issues, or insolvency problems impacts project activities
. . Exists when there is insufficient money to meet project short-tefm commit-
Finangial Internal L ) .
ments as, for example, activity development or deliverable accomplishment
Exists when missing knowledge or competencies occurs in ordef to develop
Knowlefdge/ X I . ; . .
Internal project activities needed to support project deliverables typically found in
competpnce :
research and development projects
Exists when team, project’s or programme’s or organization’s pglicies, such
Polidy Internal as industrial practices, supplier or personnel selection, or projgct manage-

ment plth impases limited action to the project or programule activities

and development

The constraints in projects or programmes can be the allocation and use of resources. These constraints can
be activity time, people, hardware, software, facilities, machinery, equipment or money.

9.3.2 Benefits of adopting and integrated critical chain project management and earned value
management approach

The integration and alignment of the earned value associated with performance control and estimate
indicators within the critical chain buffer management practices should advance project or programme
performance control. The critical chain time risk management, the linking of scope and time management
to risk management should be enhanced by the earned value management change control techniques
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considering the critical chain risk protection buffers, costs and potential time, and cost change impacts
during implementation. The critical chain project or programme network process can enable:

improved chances of project success;

reduced project duration and costs;

reduced confusion arising from multitasking;

increased ability to focus on one activity at a time;

reduced focus on and reduced numbers of common-cause risks;

increased focus on special-cause risks;

a)

b)

9

d)

e)

f)

g) reducs
h) reduce
i) reduce
j) reduce
k) report|
1) condu
m) reduce
9.33 Cr
9.3.3.1 (
During the]
a) create
b) identif
c) identif
d) suborg
e) analys
f) add tiry
9.3.3.2 S
This proce

d numbers of changes;

d amounts of rework;

d insertion of new priority tasks;

d complexity of project measurement;

ing buffer to help define decisions;

'ting measurements to support decisions about resource priorities and whether to pla

d delays due to resource conflicts.
tical chain scheduling process

feneral

earned value step 3, schedule the workyeritical chain scheduling should:

an as late as possible project or programme network;

y the resource constraints, working backwards from the end date;

y the critical chain;

inate other activities; yesources and network paths to the critical chain;

e times and costszassociated with the implementation of post-impact risk recovery act

he and cost buffers within the chain.

tep 1:‘Créate the as late as possible project or programme network

ss_step should involve integrating protective feeding buffers and a buffer in the

n or act;

ons;

chedule to

support ris

1 & 4 . b 1o o] 1 111 LR A | | P IR [ IS 4] 4 1 b
R UTAUIITIIU AULTULLS, WITIUIT STTOUTIU UT PpIroviIidcu dllu dUtUTU LU LT TITUWUT R, 45 TITW dlll

the work breakdown structure element.

ities from

In addition, activity duration estimates should be provided by using defined target durations within the
desired confidence level to be met, typically percentile 50 or other management option, such as the mode or
most frequent duration, or the expected mean or average duration, based on the available information about
the activity duration behaviours considering resources working full-time on the activity, in other words,
with no multi-tasking or pre-emptive behaviours.

9.3.3.3 Step 2: Identify the resource constraints

Working from the last activity in the network, one should identify the first resource constraint that needs
to be resolved. This constraint can be either the resource used on an activity nearest to the completion date
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or the activity that shows the highest degree of conflict or overallocation. A resource profile, breakdown
and representation of a resource that can be used to assist with an activity, can be used to focus on one
resource at a time. One technique to remove the resource conflict can be resequencing the resource and the
associated activity earlier in the project timeline. The work and associated budget together should be moved
together.

Until identified resource constraints have been resolved, one should continue to review the network.

The network as late as possible logic should not be changed, as a result of anticipating the activity for
constraint resolution that should be resolved, as the activities and resources are reviewed in reverse-order

sequence. New resource profiles can be created, if deemed appropriate.

9.3.3.4 Step 3: Identify the critical chain

In order to
resolved, 2
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A buffer s
programm,
the removg
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at the end
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s well as any activity resequencing that can shorten the overall duration without cr
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hould be added to the end of the critical chain, according to the orgdnization, the
e governance, the contract, or the chosen buffer sizing method. One.sheuld frequent
d activity duration variations from the chain activities. If possible;a-buffer sizing met
should be used, such as a risk analysis technique.

If a Monte Carlo simulation is not available, then, analytical methods and empirical rules can be
zing.

tep 4: Subordinate other activities, resources andnetwork paths to the critical ch

of the non-critical chains feeding critical chain activities. One should be aware that 1
uld link into the critical chain at some point'in the network. If the network uses mi
e end of a phase, stage or gate, a feeding buffer should be added directly before those 11

| value management basic concepts©fthe project should be performed by a progress 1
lone by comparing how much was spent against how much was planned, using:

edule variance;
t variance;
edule performanceindex;

t performance’index.

brformaitice impacts considering the estimated buffering.
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rics can be ‘aligned within the critical chain buffer management perspective to estimafte cost and
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br needed. The project or programme management team should analyse the schedule §

chain prior to determination that the feeding buffer is not needed. In this instance, the feeding buffer can
be resized to enable it to remain non-critical and the buffer should be updated to address the remaining
unprotected duration variation.

Where possible, one should add resources to specific activities or work breakdown structure elements to
break any resource conflict deadlocks. In these cases, one should make sure that the schedule quality is not
compromised.

9.3.3.6 Step 5: Baseline the project schedule and inform stakeholders

Once the preceding process steps have been completed and the stakeholders have confirmed the schedule,
as constructed, the schedule should have an established baseline, approved and brought under formal
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change control. In addition, the basis of schedule, the basis of estimate, the risk register, the responsibility
assignment matrix and the control account plans should be updated prior to publication.

9.3.4 (ritical chain and earned value management control

9.3.4.1 General

The critical chain scheduling control should integrate a buffer management approach considering the
impact of the estimated buffer use in a graphical format, known as a fever chart. A fever chart presents
in the X-axis the percentage of the activities of the project or programme completed based on the longest
activities chain feeding the chain endpoint and in the Y-axis the percentage of the buffer consumed within
the corresponding control dates, divided in three main decision support areas that can be color-coded for

ease of intgrpretation: red for TecOVering action, yeitow for Tecovering pianm and green for maintaining the
monitoring action.
In combinihg earned value management with critical chain buffer control, these steps should be followed:
a) quantify the earned value management indicators on cost and schedule of the buffers used;
b) calculdte the earned value management buffer performance index schedule-and cost of those|buffers;
c) estimdte the cost and duration impact from the end point of the chain;
d) estimgte buffer cost and estimate buffer duration at end chain conipletion;
e) integrate results in the critical chain fever chart and analyse foranext actions based upon the [ntegration
resultg.
For the mgnagement decision process, one should support-the classical three red, yellow and green logic
within an ¢arned value management performance schedule'and cost matrix (see Table 16).
Table 16 — Earned value management buffer performance
Cost buffer variance
Green Yellow Red
. . Take cost saving actfions per
. Lo Pay increased attention : .
Keep monitoring, no:action is saving the project or pfrogramme
Green to the costs and plan for
needed . . value and work speed, fas much as
corrective action .
possible
Schedule : : -
Check schedule' more often and | Prepare plan to speed up Take cost saving actiqns within
buffer : L
. Yellow | monitordeeper activities work | work and reduce cost, as the speed up schedulg recovery
variance . : .
and planfor corrective action much as possible plan
Takg work s_peed up actions, Talfe Work speed up actions Take all actions planned for speed
Red while keeping cost as is, as within plan cost recovery o 1
: up activities and costjreduction
much as possible plan
9.3.4.2 Step'1: Quantifying the earned value management costs and schedule of the buffers

The earned value management schedule and cost indicators of the added critical chain management buffers
should be computed and added to the computed earned value management indicators of the baseline
without the buffered costs considering the activities target baseline durations and associated earned value
management cost for activities of the associated chain. The earned value management cost buffer and
schedule buffers can be calculated by choosing a desired method or one directed by organizational, project
or programme governance or contract.

9.3.4.3 Step 2: Calculate the earned value management performance of the buffers

The cost status can be retrieved based upon the percentage of the cost buffer considering the work done
based on cost, as well as the duration status that can be retrieved based on the percentage of the schedule
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buffer and the work done on time calculated for the control point that can be add to the critical chain buffer
management fever chart, in order to integrate and monitor earned value management performance schedule

and cost performance. The following formulae should be used:

5 p-
¢ cB
where
P. is the percentage of cost buffer;
cv is the cost variance;
CB isthe cost buffer:
and
W =- EV
RCAC,
where
W, is the work done based on cost;
EV is the earned value;
BCAC,| is the budget cost at completion regardless the cost buffer.
SV
R )
where
Py is the percentage of schedule buffer;
SV, is the schedule variance (time);
SB is the schedule buffer.
with
E.
WT :—’ S
RPD,
where
Wy is theework done based on schedule;
ES is the earned schedule;
BPD, is the baseline duration regardless the schedule buffer.

9.3.4.4 Step 3: Estimate the earned value management performance impacts of the buffers

For the buffers estimated cost at completion and the estimated duration at completion, the following

formulae can be considered:

a) ECAC=

ECAC, +CB,

© IS0 2024 - All rights reserved
95



https://standardsiso.com/api/?name=a7d3a90d98f1b28ac992fdb8b09b8118

ISO 21512:2024(en)

where
ECAC isthe estimated cost at completion;
ECAC, is the estimated cost at completion regardless the cost of the add buffer;
CBy is the adjusted cost buffer earned schedule; CB, is adjusted cost buffer in control cons
percentage of cost buffer, P, and the cost performance index.
CPI = EV
AC
where
CPI is the cost performance index;
EV is the earned value;
AC is the actual cost.
where
EDAC | isthe estimated duration at completion;
EDAC,| is the estimated duration at completion regardless the scheduled buffer;
SBy is the adjusted schedule buffer in control considering a percentage of schedule buffer,
schedule performance index.
SPI(t)E ES
AT
where
SPI (t)| isthe schedule performance index (time);
ES is the earned schedule;
AT is the actual time:
The earned value management performance indicators can then be added to the critical chain bu
fever chart in order to-manage the performance during implementation in an integrated way (see
9.4 Integrating earned schedule
In the earrledvalue management methodology, the schedule performance of a project can be an

idering the

Pp,and the

'fer control
Table 16).

alysed and

measured under the two complementary perspectives of volume of work and time (see 7.3). With earned
schedule analysis focus should be on the time perspective.

This focus

should be on the overall time-delay or time-saved to date.

The two dimensions of work volume and time should be considered in an integrated manner for schedule
variance and its causes, as well as to assess the impacts on the other performance and management
dimensions of cost, technical performance, resource and risk.
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9.5 Integrating agile development

9.5.1 Agile development is a set of development methods in which solutions should evolve through
collaboration between and among self-organized, cross-functional teams. Agile development should focus
on delivering the highest priority capability to stakeholders, as quickly and affordably as possible. Agile
development methods should focus on allocating work and measuring progress in small increments (see

Figure 25).
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Table 17 — Example of a sprint backlog hierarchy roll up of capabilities, features and stories

WBS EVM level Product item

1.1 WBS Prime mission subsystem

1.1.1 WBS Prime mission hardware

1.2 WBS Prime mission software
1.1.21 CA Capability A
1.1.2.1.1 WP Feature Al
Story Al.1
Story AL.Z
Story A1.3
1.1.2.1.2 WP Feature A2
Story A2.1
Story A2.2
Story A2.3
Story A2.4
1.1.2.1.3 WP Feature A3
Story A3.1
Story A3.2
Story A3:3
StoryA3.4

decomjposed into features at which point agile\implementation and earned value managemeit progress

specirf‘iEations in an agile environment should be-broken down into capabilities, which should be further
measufres converge;

timebgx frames are increments that can be three months in duration and sprints that car] be two to
three weeks in duration;

the definition of work should be prioritized and documented in a backlog.

9.5.4 Wdrk should beplanned and scheduled with prioritization of high priority work to be done in the

near-term:

a) plan apd schedule work incrementally, starting with a product roadmap that describes the notional
timefrpme for the implementation of objectives;

b) definelandprioritize thework to-be donejwith-higher prioritynear-termywithinasingle spdint, a short
timeboxed period;

c¢) work accomplished at the sprint level rolls up to the progress of features and then to capabilities;

d) feature progress is rolled into the integrated master schedule (see Figure 26).

Once progress has been put into the schedule, the earned value management cost reporting can occur per
organizational, project or programme agile governance processes and procedures or contractual terms
governing agile project or programme management.
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Product backlog listing. Feature
composed of weighted stories.

Figure 2

To use thd

master schiedule, which can be less detailed tha

9.5.5 At

a) usedt

Story ALL | 1 T 2 2 100%
|| |storyAl2 1 1 5 | 5 || 100%
A13 1 2 100%
Story A2.1 Zoil
Story A22 1
|Story A2.3 2
4 2
Story A3.1 2 - -
Istory A3.2 3 Sprint status on weighted
Story A3 3 3 stories allows for progress to
be taken on features.
| |Srory A4.1 4
[ 11T Istoryad2 4
i = T r“”,...| IM|Il-r|Aw|/|h-|W*-\l
Agivand evscaample srintd | B
status -time now Wy
Roadmap milestones [
Contract award 100% & 801
Feature percent complete | 3 Pd
. . 4
is rolled into the schedule. AT T 1 -
11 Prie mlssion subeystem, 0% ’ =
1141
Tl | 112
A 1121 | & 19,00
W a 11211 Wp
1z A 11212 Wp
[ | & 11213 Wp
l::' A 11214 Wp
B A 11215 wWp
| A L1216 Wp 20
7 A L1217 P
"] B 1122
W | ¢ 1125 Ca

6 — Example of an integration of sprint sta §i§\ product backlog and integrated §

integrated master schedule using arﬁ%ne should understand and use the agile
predictive project or programme manageme

me-phased budget should be de@ped that should be:

b track progress against a enge;

b) mana

enable[the management t
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compléxity and thQ_ all effort of a piece of work;
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traditipnal % stlmates

9.5.6 Th gﬁle phased budget should be developed that demonstrates:
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chedule

integrated
nt.

1d occur to

hd the risk,

rorously as

a) accomplishment at every level of the implementation;

b) expression to reflect as closely as possible physical progress;

¢) hierarchical physical progress rolled up into the schedule.

9.5.7 The setting of the performance measurement baseline should involve:

a) product roadmap, broadly phasing the work;

b) prioritized and decomposed work;
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¢) detail planned, near-term work decomposed into items that can be managed as a sprint;

d) documented decomposition of work in an agile tool for tracking progress and maintaining a view of
remaining work;

e) hierarchical time-phased planning that can be integrated with the master schedule.

9.5.8 The actions that should be authorized and performed to accomplish the work are:
a) product owner should prioritize from the product backlog, which is the authorization of work;

b) team should perform by accepting work from the top of the priority list;

¢) sprintgshed-beperformedsaseriesofsprintsareperformeduntiecompletonoftheweorkasprioritized

or oth¢rwise instructed.
9.5.9 Ac¢umulation of various progress reports and the reporting of performance indi¢ces’should be:
a) provi:Ed in the form of completed stories, features and capabilities;

b) provided in increments of releases, as collected and accumulated daily in the'agile tool being fised, while
being ¢onsistent with earned value governance.

9.5.10 In pnalysing the performance indices, a variety of metrics_and reports should be uded to help
managers Include:

a) velocitly: team-based metric of capacity;
b) story dccomplishment;

c¢) feature accomplishment;

d) capability accomplishment;

e) releas¢ status in percent complete.

Integrating agile performance indices should be integrated into the overall project or progranyme, which
can include¢ non-agile work.

9.5.11 The step of taking management action allows for:

a) management action to take’place based on variances and risk at each level of performance;
b) sprintjreviews anddncrement reviews;

c) continpous groeming of the product backlog to adjust to daily progress;

d) visibility iito the progress for end-users and other stakeholders;

e) adjustment-ofpriorities—and-—objectives,asrecessary based-—onoveraltprojector programme and
external influences.

9.5.12 The maintenance of the baseline should allow for the following:

a) allow the work to be baselined and maintained in the agile tool and updated during each planning event,
sprint or project or programme increment;

b) startin the integrated master schedule and be maintained, as part of the integrated master schedule
update process, either weekly or biweekly;

¢) allow for maintaining top to bottom hierarchical traceability between the work and the integrated
master schedule.
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Integrating project or programme management office

9.6.1 General

Project and programme office governance should include a framework to determine the level of guidance,
support and documentation to be provided to each project and programme. The governance can assist in the
justification for a dedicated office. This decision is typically based on the level of delivery confidence or risk
pertaining to the project or programme.

9.6.2 Activities of a project or programme management office

The activities of project and programme management offices can include:

a) develobing, tailoring, championing, implementing and embedding standards, processes,«procedures
and templates, such as the earned value management system and its component elements;

b) selecting, implementing and supporting tools that underpin the standards, processes and procedures
and prpvide a central repository of information, such as scheduling tools;

¢) delivering education, training and mentoring to project and programme managers and tean} members,
such as training on the techniques used within earned value management;

d) auditing and assuring the use of standards, processes, procedures, and templates, such as [facilitation
of the formal process of authorizing the commencement of project'work through stage gates{within the
lifecycle;

e) gatherjing, validating, verifying, collating, evaluating, communicating, and disseminating ddta, such as
regular collection and accumulation of performance indices, identification of patterns of causation in
performance and communicating;

f) building and maintaining organization delivery-gapability and capacity to match current pnd future
needs,|such as assessing earned value management competence;

g) performing continuous improvement of pteject and programme management and delivery, such as
implementation of actions from earned-<+alue management system reviews;

h) provisjoning of resources to undertake other management activities, such as maintenance of the
management action list.

9.6.3 Benefits of a project ot programme management office

The overall benefits of a‘project or programme office to the functions and delivery of eafned value

management should bethe/following:

a) reducqd costs ifi delivery;

b) consisfent application of earned value management governance, processes and practices [across the
projectsiand programmes;

c) availability of timely and accurate decision enabling information;

d) continuous improvement of earned value management processes, procedures, guidance and reporting
within the organization or contract.

9.7 Integrating continuous improvement

9.7.1 General

Earned value management can identify areas of project or programme management that need improvement.
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Earned value management can have three primary uses in continuous improvement (see 9.6.2). First,
promoting better management practices in project or programme delivery organizations, the standardised
earned value management process model can be a foundation that reinforces good practice and matures
organizational behaviour. Second, once process standardisation is in place, measurement of performance can
be conducted, which not only facilitates project control but can subsequently be used as a guide to determine
which processes need improvement. Third, providing performance data, which should be available to teams
and executive management, so the results of continuous improvement can be measured.

9.7.2 Continuous improvement

Continuous improvement should target either incremental changes over time or improvements that are
achieved through notable and immediate changes.

Continuou$ improvement should be identifiable, verifiable and able to be put into practice. The following

criteria should be identified and addressed in a continuous improvement plan:

a) performance aspects that need to be improved;

b) currert performance;

c) targetperformance;

d) levels of performance that should trigger change for incorporation into‘everyday practice;

e) datathat should be targeted, gathered, collated and assessed.

Earned value management forecasting and trend analysis through'the use of key performance indicators

can help identify what and when to change. Improvements in c6$¥and time can be directed into the cost and

estimating|systems and practices informing the earned valugdnanagement system.

Improvemg¢nts in behaviours and culture can be reinforced by training, governance progesses and

procedures or by contractual obligation.

9.7.3 Types of continuous improvement processes and methodologies

9.7.3.1 (eneral

Organizatipns that implement contintgus improvement have numerous methods to choose to:

a) addreds process flow and waste issues;

b) focus [on eliminatingcwaste using a set of standardized tools and methodologies that target
organigational;

¢) focus ¢n eliminating defects and reducing variation.

Each organization is unique and should tailor their chosen methodology to their individual erjvironment

and needs| However, one common need across methodologies is for performance data. An eafned value

managemenf=System can provide accurate cost and schedule performance data as a valuable input to

continuous improvement methodologies.

Using analysis techniques, such as root-cause analysis, can be a way to identify the drivers of performance
issues. Earned value management systems can support this analysis by the ability to identify lower level
elements, such as control accounts and work packages that are driving variances in planned performance.
The cost and schedule performance metrics used in earned value management analysis, such as cost
variance, schedule variance, schedule variance, cost performance index, schedule performance index and
schedule performance index time, can also be used as thresholds to undertake root cause analysis within
the work breakdown structure.
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9.7.3.2 Measurable

The impact of continuous improvement can only be measured when one can quantify the results. One should
understand how the process is implemented and if it is having the desired effect. This understanding should
help one set the objectives for the future and enable each performance organizational unit to be working
toward the same result. Earned value metrics, as well as other analysis processes provide the methods for
measuring progress to highlight needed improvements.

9.7.3.3 Continuous

Continuous improvement should be a long-term activity and investment. It should be a repetitive cycle that
draws upon project and programme data to highlight potential improvements. Control methods, such as

earned val £ managemen NPO ontinuo mprovement and can be ed to enable iImprovements to

occur frequiently and continually to increase productivity, reduce variation and remove waste. There should

be a change in behaviour and culture within an organization, as well as a supportive organifational or
contract enjvironment.

9.7.4 Cofe continuous improvement functions aligned with earned value

The follow|ng core functions of continuous improvement can align with earned value:

a) projecttracking: data on physical progress should provide valuable data for cost-benefit analysis;

b) project planning: as a part of the plan, do, check, act process, earfied value can help provide a sound
basis fpr planning by aligning needs with work and the perforniing organization;

c) risk management: processes for identifying risk treatment for uncertainty can become part of the
continpious improvement process;

d) use of|data: earned value management data can be used to produce confidence limits, forecdsts, trends
and leprning curves. Data from project performénce using physical progress can be captured and
analysgd to identify activities that did not perform as expected and begin the process of unﬂerstanding
what dan be done to avoid the same events occurring in future. Analysis of the metrics frgm projects
or programmes over time can help with ¢he development of expectations and thresholds [for similar
projects or programmes in the future;

e) cost-b¢nefit analysis: contribution.of'the project or programme to one or more benefits can be calculated
using the project’s or programime’s performance data and monitored as the project or grogramme
progrgsses. The return on investment can also be calculated for the project or programme ps delivery
progrgsses. When it has been/identified that the return on investment value is unfavourablefcorrective
actiong can be identified\and taken.

At an organizational level/ if poor project or programme outcomes are being achieved, the orfganization

should att¢mpt to identify the particular process steps causing the issue. Once the root cause ig identified,

action can|be taken.to re-engineer the process. If a process step is continually generating large schedule
variances, it is likely causing schedule slip across all the projects or programmes of an organization. Once
identified, the root cause can be examined and the proposed improvements made.

Beyond the application to controlling projects or programmes in the delivery phase, earned value
management performance data can be captured in a project or programme estimates database. The
historical data, aggregated over time, should not only be useful for the planning and implementation of new
projects or programmes, but for analysis of improvement initiatives.

9.8 Integrating governance

Governance, whether from organizational, project or programme, or contract, should be integrated with
earned value management to assist and enable the project or programme management team to achieve the
identified objectives.
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Project or programme governance from organizational, project or programme governance or contract should
be considered to be an important enabling tool for project or programme success. The governance should be
scaled and shaped to address the level of complexity of investmentl2]. Governance should set an adaptable
framework, using organizational gateway reviews, an analysis or evaluation done before moving to the next
stage of work, which should guide project or programme success, creating transparency and confidence in
decision-making, clarity of roles and responsibilities and consideration of stakeholder interestsl2l.

Governing bodies and other structures should recognise and assist the project or programme management
team to manage risk in a way that is most likely to achieve the desired outcomes, deliverables or benefits as
stated in the business case or similar documentation of the objectives.

Inadequate governance can contribute to project or programme failurel2],

A primary
within the

Project and
or externa
or contract

objective of govermarce should-be mmaking decisions withrefficacy amdtransparency,
governance documentation.

| programme governance should be about guiding and controlling the process forithe of
customer and delivering the anticipated outcomes, deliverables and benefits. The org
outcomes and benefits that can result should be directed to the intended héneficiarie

as defined

ganization
hnizational

D.
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Annex A
(informative)

Worked example

A.1 Scope approval
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11 steps of earned value management can be implemented (see Clause 5), a

project or

programm,
of the orga
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This worke
developme

A.2 Stey

In this step
them in a

Figure A.1
work breal

e should start with the definition of the scope needed to accomplish the objectives, oy
nisational strategy. This scope should be captured in an approved business case)p1
hts specification or equivalent documentation.

d example is based on an approved business case, which describes the s¢ope for the
nt of a new automobile.
) 1: Decomposition of the project or programme scope

, the new automobile project team defines what deliverables Or outcomes are needed ar
Fork breakdown structure (see 3.1.89 and Clause 5).

shows one possible view of a work breakdown structure for the new automobile p
kdown can be shown in outline form, hierarchical table or tree diagram.(el
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Program

fulfilment
oject plan,

design and
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foject. The
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| | 1.2 Materials 1231 1.6.2 Operational
procurement Accelerator test and evaluation
1]1.3 Prototype 1.2.3.2 Brake 1.6.3 Test and
] testing evaluation facilities
L_|1J1.4 Prototype 1.2.3.3 Steering
thanufacturing
Figure A.1 — Example of a hierarchical work breakdown structure for automobile prd

A.3 Stey

) 2:Assign responsibility for project work

gram

Once the work breakdown structure is defined, responsibilities for each of the elements can be assigned and
documented in a responsibility assignment matrix. The responsibility assignment matrix is an informed
chart describing the participation by roles in completing activities or deliverables (see Clause 5).

Defining the interfaces between the organisational structure and the work breakdown structure allows
functional managers within the organization or organizations to determine the level of expertise needed to
perform the work within the control accounts and assign control account managers (see Clause 5).

NOTE

The responsibility assignment matrix can be shown in a variety of graphic forms containing the information

stated in 5.3. In Figure A.2 the responsibility assignment matrix is presented in a monetary format, where the budgets
for each control account are shown.
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Control account managers

"9 S
N (9 S <
C2 G ¢ <
& & & & & o
WBS 1 Control account e}& & R & & &»‘\
code QQ’A o°°° s &f & \Q’é’ S &
o 8 < ¢
&‘b’ Q‘&‘} Q" < S
1.1 Prototyping $900 000
1.2 Automobile $42 500 000
1.3 System engineering $12 000 000
1.4 Project management $14 000000
1.5 Training $4 000000
16 System test and "
' evaluation 2 F oV EEE
1.7 | Project data $2500 000 v
Total Jllocated budget $83 400000 |
Figure A{2 — Example of a monetary responsibility assignment matrix for new automobile project
A.4 Step 3: Schedule the work
Once respdnsibility has been assigned for the work, the control accoifnt managers should break the scope
of each control account down into sequenced, resource-loaded work'packages and the tasks in those work
packages. Those work packages should be sequenced in the order needed to produce the outfomes that
increase the maturity of the deliverables.
The schedple should show the order in which the workipackages should be performed to [enable the
accomplisiment of criteria within the project or programme plan and is a breakdown into specific
accomplisiments. Each specific accomplishment sheuld be decomposed into specific criterig, in other

words, def

ned measures of performance, the key performance parameters and the technical p4
The project or programme plan should*be used to develop a time-based schedule th

[ (see Figure A.3).
le should show:
nished looks like for eachhwork package supported by objective evidence of completio

bf the work needed-tp reach finished for each work package and groupings of work p
| accounts and theyoverall project or programme;

ces needed.to reach finished for each work package up to control accounts and the ove
pramine;

ied risks to achieving “finished” with their associated treatment strategies;

measures.
networked
work effor
The schedt
a) whatf
b) order

contro
c) resour

or pro
d) identif
e) measul

s - ” =

rformance
at shows a

contractual, multi-layered schedule'showing the detailed activities needed to accomplish the

h:

)

hckages up

rall project
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Figure A

Figure A.4
shown in H

De{

Figure

Figure A.4
Figure A.3

Automobile program schedule
Task Name Duration | Start Finish ﬁ“‘l‘)’z*‘?l‘] : lgl‘l‘l‘;;‘?ﬁl?j“l;;j'”})
Project: Automobile Program 185d Mon 3 Jan Fri 16 Sep P————

1.1 Prototyping 100d Mon 31 Jan Fri 17 Jun —_

1.1.1 CADfile creation 20d Mon 31 Jan Fri 25 Feb -

1.1.2 Prototype materials procurement 30d Fri 25 Feb Fri 8 Apr —

1.1.3 Prototype testing 35d Mon 2 May Fri 17 Jun —

1.1.4 Prototype manufacture 45d Mon 14 Mar Fri 13 May —i
1.2 Automobile 60d Mon 16 May Fri 5 Aug —

1.2.1 Engine 10d Mon 16 May Fri 27 May H

1.2.2 Interior 10d Mon 30 May Fri 10 Jun H

1.2.3 Controls 10d Mon 13 Jun Fri 24 Jun H

1.2.4 Chassis 10d Mon 27 Jun Fri 8 Jul H

125 T i 104 Mon—iil Rt H

1.2.6 Initial acceptance testand checkout 10d Mon 25 Jul Fri 5 Aug H i
1.3 Systems engineering 185d Mon 3 Jan Fri 16 Sep I —— |
1.4 Project management 185d Mon 3 Jan Fri 16 Sep |——-|
1.5 Training 55d Mon 4 Jul Fri 16 Sep —
1.6 Systemtest and evaluation 15d Mon 8 Aug Fri 26 Aug H

1.6.1 Development test and evaluation 10d Mon 8 Aug Fri 19 Aug H

1.6.2 Operationaltest and evaluation 5d Mon 22 Aug Fri 26 Aug ]

1.6.3 Testand evaluation facilities 15d Mon 8 Aug Fri 26 Aug | H
1.7 Projectdata 185d Mon 3 Jan Fri 16 Sep \C o

3 — Schedule showing project periods, main milestonesyprocesses and procedu
disciplines and parallel tasks

A A

A.4 — Schedule showing prototyping elements of the new automobile project sc

res using

shows the schedule for the automobile program alighed to level 3 of work breakdown structure
igure A.1.
ign freeze Prototype freeze

| T T T T | T T T T | T T T T | T T T T |

0 5 10 15 20

/\CAD files creation/\ :
/\ Materialssprocurement /\
/\ Prototype assembly /\
Prototype testing

hedule

showsthe prototyping control account derived from the automobile program schedu

e shown in

This information will be used to demonstrate and explain the remaining earned value process

steps in th

1 | 1
S WUITRTUTAATIITPTC,

A.5 Step 4: Develop time-phased budget

A.5.1 Resources needed to complete work should now be assigned to the control accounts in the schedule.
The resource needs and targets for each activity should be loaded or each work package assigned burdened
labour cost for the hours assigned to the staff developing the deliverables, outcomes or outputs. The material,
facilities or any other cost for the time-phased work to produce the deliverables should be assigned to the

work activ

ities.
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A.5.2 The steps for developing the time-phased budget should be:

a)

accomplish the deliverables in the work breakdown structure;

b)
the tot

9

al costs to complete the project or programme;

are sufficient resources to complete the project or programme as planned;

d)

actions needed to achieve the residual risk position.

using the schedule activities — assign labour, materials and facilities reflecting the effort necessary to

estimating the labour hours for the planned work and cost of the resources for activities to accumulate

cross-checking the project or programme budget and contractual cost constraints to confirm that there

developing a cost and schedule baseline for the project or programme that includes the risk treatment

A5.3 Th
a)

cost p4

b)

projec
c) update
(see 5.|

Figure A.5
project. Th

budget to t

The work
materials
chassis/bo
within the

b outputs from developing the time-phased budget should be:

erformance baseline that should produce a formal time-phased budget for estimating
trolling the overall cost performance of the project or programme;

and c:r
fundinlg requirements of the project or programme that should identify the fequirements f

E or programme funds, including the cost baseline and management feserve;

d documents of the project or programme, including the schedulg, risk register and cos

/).

shows the outcome of the budgeting process for the prototyping control account of the
e prototype control account effort has been broken down further to illustrate the de
he work package level.

breakdown structure elements include the work scope for computer-aided design fi
procurement, prototype testing and withif, prototype manufacture, a further bre
dywork, engine and transmission, controls.and interior work packages. These work p
prototyping control account.
Design freeze Duration (weeks) Prototype freeze
| T T T T | T T | T | T T T T | T T T T |

0 5 10 15 20
. CAD files creation :

b, tracking,

r the total

t estimates

hutomobile
volution of

e creation,
akdown of
Ackages sit

$1 oo ooo/\ Materials procurement
: Ooo Prototype manufacture
$250 7\ A

50 ooo /\ Prototype testing
¢4 0

Chassis/bodywork $1 00 oo

$200 000 Engineand transmission Management reserve

$100000 - 9(_‘0
Controls $ 1 o v
$100000

Interior

$50000

Figure A.5 — Assignment of budget to the prototyping work breakdown structure elements of the

NOTE

new automobile project

Figure A.5 shows the prototyping control account derived from the automobile program schedule shown in

Figure A.4. This schedule is used to demonstrate and explain the remaining earned value process steps in this worked

example.
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A.6 Step 5: Assign objective measures of performance

A.6.1 General

Work packages should be assigned the objective measure of performance, or earned value techniques, that
best suit the work package. These are used to measure the degree of completion of work packages and
generate the earned value data. The most common earned value techniques are discussed in the context of
the new automobile prototyping control account (see 5.6).

A.6.2 Milestones complete

In Figure A.6, the activities “steel on site” and “steel body panels formed” within the new automobile project
are expec dto occur within the Qctaber rnpnri’ing pﬂrinr‘, so the milestone earned value te Chnique is
appropriate. “Steel on site” is an event, while “Steel body panels formed” is an activity. In both.ihgtances, the
budget for fresources applied to each of these events is assigned to the completion of the task:

Oct Nov Dec

Plan
Steel on site
(planned value)

Full budgeté@ssigned.
N e.g. delivery of
$30000 $3375 equipment

Steel body panels f E @%\ ) .
formed (planned value) | Weight'end milestone

with full budget.

Progress
Steel on site f E \/
(planned value)
$30 000 $3375
i NP, < -,
Steel body panels
formed (planned value)
Key
é start milestone V completed finish milestone
V finish milestone f""'v completed finish milestone aftdr slippage
é completed start milestone

FigureA:6 — Milestones complete earned value technique example

Figure A.6showsthat while the planned value for steel on site was $ 30 000 in October, earned vglue cannot
be claimed|until\November, when it actually arrived. For steel body panels formed, despite progrelss towards
completion in-November, it was not completed until December, so its planned value of $ 3 375 cannot be
claimed untitthattine:

A.6.3 Estimate or percentage complete

On the new automobile project this earned value technique can be applied to systems engineering, prototype
assembly or system test and evaluation work (see Figure A.7). Some organisations can have policies in place
restricting the maximum claimable percentage complete prior to the work package being completed, for
example, 80 %.
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Planned
_— effort profile
Oct Nov_~T Dec Jan Feb Mar Apr
N
Start/ Finisil-
Plan
Resources
(hours @ 144 208 160 64 Total planned
Planned value 52000 $4500 | $6500 | $5000 | $2000 value
Planned value cumulative $2000| $6500 $13 000 $18000 | $20000 | —($20000)
—
Progress | |—
/ —
Percentage complete 25% 35% 63 % 1 85% 100%
Taotal rnad
Earned value $2000| $3000 | $2000 | $6000 | $4000 | $3000 value
Earned value cumulative ($2 000 5000 $7 000 $13000 | $17000 | $20000 $20 0000,

> D>

For the sys|
of $20 000
scope has
and Decem
January an

A.6.4 Un

Figure A.8
during the

of hours rather than dollars as a.unit of measurement.

start milestone completed finish milestone

f —— 'v completed finish milestone aftg

finish milestone

completed start milestone

Figure A.7 — Percent complete earned value technique example

tems engineering work package in Figure A.7, thé.resource profile results in a total pla
As the work progresses, the control account manager determines how much of the $ 2
been accomplished each month. Less work.i$’earned value than the planned value in
ber, resulting in a negative schedule variance. Although more work is performed than
d February, it is not enough to avoid the-work package completion slipping into March.

its complete or equivalent units

provides an example of units complete being used to measure the fitting of sets of]
full rate production phase.of the new automobile project. This example also demonstrg

r slippage

nned value

D 000 work
November
planned in

four tyres
tes the use

Key

A

Dayl Day2 Day3 Day4 Day5

Start Finish
Plan I Total
500.tyre sets fit at minutes per set 100 100 100 100 500 unit
Planned value (min) I——> 1000 1000 1000 1000 | 5000 min
Curmutative ptanmned vatue 1000 2000 T3 000 T4 00675000 T 5000 i
Progress
Units complete 50 100 125 150 75 500 units
Earned value (min) 500 1000 1250 1500 750 | 5000 min
Cumulative earned value 500 1500 2750| 4250| 5000| 5000 min

completed start milestone completed finish milestone

W%

Figure A.8 — Example of units complete or equivalent units earned value technique
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