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Australian - Belgian connections
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EVM Europe Association

EUROPE ASSOCIATION

WWw.evin-europe.eu

RESEARCH meets PRACTICE
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Why do we need research?

(€4 . .
To raise new questions,
new possibilities, to regard

Oid probiems fI'OlTl a Nnew

angle, requires creative

imagination and marks real

advance in science.”
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This presentation

Old problems:
CPM forecasting is optimistic (and difficult)
Upper management informed too late about delays

New angle:
The use of EV-based methods to predict final duration

Investigate these methods by using academic state-of-the-art
methodologies

Advance in project controls:
Does it lead to best practices?
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Study 1: Summarising methods

Vandevoorde, S. and Vanhoucke, M., 2006, 'A comparison of different project
duration forecasting methods using earned value metrics’, International
Journal of Project Management, 24, 289-30_2.
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EV-based methods

Planned Earned Earned
Value Duration Schedule
Reference Anbari (2003) | Jacob (2003) | Lipke (2003)
Indicator SV / SPI SV / SPI SV(t) / SPI(t)

Generic time forecast formula: EAC(t) = AD + PDWR / P.F.

@ | PE=1 PV1 ED1 ES1

o £
= & E|PF=SPI PV2 ED2 -
E ;s_g PF. = SPI(t) - - ES2
° 8 |PE=CsI PV3 ED3 -
PF. = CSI(t) - - ES3
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Schedule Performance Indicators

PV
Y% SV(t)
Formula EV - PV ES - AT
4 Units euros time
oY Project always 0 real
end performance
SPI SPI(t)
Formula EV / PV ES /AT
Units none none
_Eamed Schedule (ES) ~ SV{)
i > * Project real
always 1
end performance

| Actual Time I




IJPM Paper

Application on 3 real life projects

Conclusion:
Earned Schedule was the only method which showed satisfying
and reliable results during the whole project duration.

Recommendation:
In order to generalise the results found in this study, we will test
the three concepts on projects based on a full factorial simulation
experiment, rather than relying on a (small) set of real life
projects.

PGCS, Canberra 2014



Critics

THIRD EDITION ”There are some pl"OfeSSiOnCIIS in

EARNED the field who feel that the
VA L U E earned value schedule position

Project Management can be used to predict the final
completion date for the project.
The authors do not endorse this
theory. Nor have they ever read
any scientific studies that
support this position

Earned Value Project Management,

()__ll\.ll\ W. FLEMING .
and JOEL M. KOPPELMAN 3th Edition, 2006

-
-"’

PGCS, Canberra 2014




Study 2: Measuring Time

Vanhoucke, M. and Vandevoorde, S., 2007, 'A simulation and evaluation of
earned value metrics to forecast the project duration”, Journal of the
Operational Research Society, 58, 1361-1374.
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Test methodology

Project network
Network generator —| Generate project networks
With a pre-defined structure

1

Project schedule
Construct an earliest start schedule |— Planned Value (PV)=——
(ESS) using forward calculations

1

. i Project execution
9 simulation — Monte-Carlo simulation for each p—» AE cm:‘lj%o:iiﬁigir) —

activity’s duration and cost

SCenarios

4
Project monitoring
Measure the forecasting accuracy
at each review period
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Create database : network generator

Create a database of networks with a controlled topological structure by
the use of a network generator.

So we guarantee we have a very large set of networks that can and might
occurr in practice

To control the design of the networks topological indicators are used.

Based on: Vanhoucke, M., Coelho, ].S., Debels, D., Maenhout, B. and
Tavares, L.V.,, 2008, “An evaluation of the adequacy of project network
generators with systematically sampled networks”, European Journal

of Operational Research, 187, 511-524
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Serial / Parallel - Indicator

m = number of activities along the longest path
n = number of activities in network

SP e [0,1]

SP =0 all activitiesare in parallel
SP =1 allactivitiesare in serial
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Serial / Parallel - Indicator
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Serial / Parallel - Indicator

O—0O0—0
Project Network O——0)
O—0—0 |
Serial/Parallel (SP) O\O\O
Activity Distribution (AD) é\...% % %
O
Length of Arcs (LA) O @ @ o
Q %g
Topological Float (TF) O

(9) (h) (i)
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9 Execution scenarios

CRITICAL ACTIVITIES
EARLY ON TIME LATE
EARLY ON TIME LATE
NON CRITICAL ATIVITIES

PGCS, Canberra 2014



Test methodology

Project network
Network generator —| Generate project networks
With a pre-defined structure

1

Project schedule

3.100 Construct an earliest start schedule }— Planned Value (PV)
schedules (ESS) using forward calculations

1

. i Project execution
9 simulation — Monte-Carlo simulation for each p—» AE cm:‘lj%o:iiﬁigir) —

activity’s duration and cost

30 activities
3.100 networks

SCenarios

27.900

executions L

. . ) Project monitoring
100 simulations / exuction | peasure the forecasting accuracy

2.790.000 datasets at each review period
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Research Finding 1

The results reveal that the ES method outperforms, on the average, all
other forecasting methods.

Early project Late project
40% = 40%
35% - . 350
30% 30% -
25% | 25% -
20% - 20%
15% 15% - |
10% - - - II w%lII - .
5% 56 | I
0% - B R A m o - HH M BT O O M .
PV1 PVZ PV3 ED1 ED2 ED3 ES1 ES2 ES3 PVl PVZ PV3 ED1 EDZ2 ED3 ES1 ES2 ES3
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Research Finding 2

The earned schedule method outperforms the other methods at all stages
during the project cycle,

SPI methods make the quirky mistake from ca. 60% completion

Early project Late project

0.0 0.0

Early stage Middle stage Late stage Early stage Middle stage Late stage

B Planned Value | Earned Duration || Eamed Schedule
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Research Finding 3

The network structure as measured by the SP-indicator has a clear
influence on the forecast accuracy.

Early project Late project
o 5 : d/
a/r o
> »
From a parallel to a serial network From a parallel to a senal network

O Planned Value < Eamed Duration < Earned Schedule
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Award winning research

AT ASSOCITION HEMOUHS

Mario Vanhoucke

IPMA RESEARCH AWARD WINNER 2008

PMI Belgium Chapter Event 12/06/2007 IPMA Research Award
Research Collaboration Fund 5.000 € 2008
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Critics

e e e e e e e e e
P

“There are some professionals in
the field who feel that the
earned value schedule position
can be used to predict the final
completion date for the project.
e The authors do not endorse this

theory. Nor have they ever read
any scientific studies that
support this position

Earned Value Project Management,
4th Edition, 2010

-
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Study 3: Project control efficiency

Vanhoucke, M., 2012, “Measuring the efficiency of project control using
fictitious and empirical project data’, International Journal of Project
Management, 30, 252-263.

PGCS, Canberra 2014



SPI, SPI(t) or CPI below a critical threshold?

(low performance)

Drill down to lowest VWBS levels
(activities)

Identify the activities in trouble
(take corrective actions)
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EV/ES: Top down control

Measuring Time

(written by Mario Yanheucke, Publisihed by Springer)

50%

5
®

=
X

o
=
&

Tracking Efficiency
R

0%

0.1 o2 0.3 04 0.5 0.6 07 0.8 09

Parallel networks Serial networks

O Traditional EVM = Earned Schedule EVM
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Baseline schedule Uncertainty Monte-Carlo simulation Simulation output

e -

Activity |

é Project network s Distributions N

distribution

Criticality Index

Activity 2

Triangular
distribution Triangular
distribution

(with skewness)

Activity 3

Activity 4
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Completion Time
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Project schedule
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No action zone Action zone

Safe zone ' Watch out zone :
: :
;
2
3
4
5
6
7
8
9
10
0 0.10 0.20 050 0.40 0.50 0.60 0.70 0.80 0.90 1.00
<€ >
Full control v No control

(Ot percentile) Action threshold! (100t percentile)

< i | >

Decreasing threshold
= higher control

Increasing threshold
= lower control
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Requires high attention
(high sensitivity)

Requires attention
(moderate sensitivity)

No special attention
(low sensitivity)
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SRA Bottom up control

Measuring Time

{Written by Mario Vanhoucke, Published by Springer)
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If time is money, accuracy pays dividends!

Parallel networks

Measuring Time
(Written by Mario Vanhoucke, Published by Springer)

50%
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Serial networks
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Period 2007 - 2010:

students of Ghent University collected real life data
8 Belgian companies, 48 projects

- - —

100% Parallel 100% Serial
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Control Efficiency

0%
0.1 02 0.3 0.4 0.5 0.6 07 0.8 0.9
Parallel networks Serial networks

Legend
----- EVM with SPI{t) (fictitious data)
- SRA with S5l (fictitious data)

m  EVM with SPI(t) (empirical data, with an indication of minimum and maximum value)

e SBA with SS| {(empinical data, with an indication of minimum and maximum value)
e COmmbination of EVM and SRA (fictitious and empirical data)
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Activity based tracking Project based tracking

Bottom up Top down
Schedule risk analysis Earned schedule
Yes!
.. No!
Parallel networks Focus on sensitive .
.. Inaccurate time forecasts
activities
No! Yes!
Serial networks ' Accurate time forecasts

Focus not possible

using earned schedule
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Study 4: P-Factor

Vanhoucke, M., 2013, “The impact of project schedule adherence and rework
on the duration forecast accuracy of earned value metrics’, In E.C. Hoffmann
(Ed.), Project Management: practices, challenges and developments, Nova
Publishers
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Schedule Adherence

ES AT FO ES AT Fh
Tima Time
e ZiE N min(PV; gs, EV; ar)
z;‘eN PVI"ES

with
p Schedule adherence

= 1: perfect schedule adherence

< 1: lack of perfect schedule adherence
N Set of activities in the project
PV Planned value of activity i at time instance ES

LES

s Earned value of activity i at the actual time AT
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Research Finding P-Factor
High P-Factors lead to more accurate forecasts, and thus acts as a warning
signal.
25% -
20%
15% -
L
10% -
5%
D% I I 1 I I I I I 1
o91% 02% 93% 04% O5% 06% 97% 08% 99% 100%
Schedule adherence (p-factor)
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Effective Earned Value

EV under risk
EV(r) =(1-p) *EV

unusable
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The use of effective earned value to improve the forecast accuracy of time
prediction is limited.

EACIt) estimate EACIt) estimate
is too low is too high

Scenario 6

Scenaric 5

Scenaric 4
MPE

M MPE(=)

Scanario 3

o
Scenano 2 57%

Scanario 1

-6.00 -4.00 -2.00 0.00 2.00 4.00 .00
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Spin — off: Project database

WWW.or-as.be

- research =2 project data
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Project database

The 1st commercial project database ever (to be best of our knowledge)
Project data contains:

Baseline schedule (network, resources,...)

Project control data (EV & ES metrics, ...)

Project risk analysis data

Confidentiality: cost & time data re-scaled, removal of company &
project name.

Guidelines for project input, input .xls files are available for download

Currently: 52 project cards

PGCS, Canberra 2014




Published books

WTERINDEAL HEAY |6 AFEEE S
ERGRALLH ARD SARACEWTRT RLjPRIT

O

RLiti M s

'-_' i | g

2010, 15t Edition 2012, 1st Edition 2014, 1st Edition
2014, 2nd Edition
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Ongoing topics

Searching more accurate forecast methods
Use of composite forecast methods

Probabilistic methods: Bayesian inference, Kalman filter,...
Artificial intelligence (machine learning)

Research on forecast quality
Accuracy: forecast error measured by MPE / MAPE
Stability: variation of forecast error
Research on integrating accuracy & stability is void

Conjecture: p-factor approach and its extensions may be the link between
accuracy & stability
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Concerted Research Action Plan

Searching for static and dynamic project drivers to predict and control the
impact of management / contingency reserve on a project’s success

Awarded in 2011

Budget: > 1.200.000 €

Timespan: 2012 - 2018

|
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CRA: the toys

High Performance Computing system (HPC)
Biggest supercomputer in Belgium
Rank 118 (Top500 list of June2012)

Data size typical similation run: > 1 TB (ca. 1.450 CD’s)
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CRA: preparing the next generation

o e -

O disruptions

____________________________ ' Risk Analysis ﬂ
Concept . —>  Control — Termination
. Scheduling | -

__________________________________________

Development of the next generation project control decision tool
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CRA: keep up to date

Publishing of research
top academic journals ex. JORS, OMEGA, ...
professional journals ex. PM]J, IPM], ...

popular journals ex. The Measurable News
books

Translate & present research into practical applications
PGCS Symposium, EVM Europe, EVM World, ...

Ghent University Master Thesis - Project Control
May 2014: 10 works
May 2015: 16 works
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We need your help:

“Real life data” needed
Any new ideas? Research suggestions?

PGCS, Canberra 2014



Research suggestion — Mr. Pat Weaver

Mosaicproject’s Blog
Earned schedule comes of age
posted on 22 april 2013

What is not proved is does ES provide a more reliable end date than CPM? My
assessment outlined in Why Critical Path Scheduling (CPM) is Wildly
Optimnistic is that ES should be more accurate. Given the mass of data
collected by Capt Crumrine it would be a pity if this last step is not applied by a

future researcher.

The kev role of CPM is (or should be) making the best use of the currently
available resources on a project — this is the antitheses of predicting outcomes
based on current trends in the way ES does. All that's needed is another Masters
candidate!!

PGCS, Canberra 2014




EV/ES vs. CPM

Earned Schedule provides a more reliable end date than the CPM method

Table 1. Computational results for the four methods along the completion stage and network structure
Vanhoucke. 2008, IPMA

PVM 12.30% 13.69% 14.07% 9.91% 9.88% 8.50% 12.08% 9.48% 7.32%
EDM 12.30% 13.69% 14.07% 9.91% 9.90% 8.51% 7.73% 5.52% 3.96%
ESM 10.40% 8.59% 8.22% 7.84% 4.96% 3.76% 4.05% 1.94% 1.31%
CPM 21.10% 14.86% 13.10% 10.81% 8.60% 7.40% 2.55% 2.40% 1.85%
Note 1. The completion stage 1s measured as the percentage completed EV/BAC with EV the Earned Value and BAC the Budget
At Completion. Early, middle and late stages are defined as [0%,30%]. [30%.70%]. and [70%.100%] percentage completed,
respectively.
Note 2. The Serial/Parallel degree of a project is measured by the 12 indicator presented bv Vanhoucke et al. (2008).
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Follow Us

ORASTalks ORASTaIkS Bvailable on the ANDAOID AFF OH
Wwww.or-as.be [ D App Store | P> Google play
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www.projectmanagement.ugent.be(J il P
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EUROPE ASSOCIATION
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