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Abstract: This paper presents a review of an Earned Value Management System (EVM) for assessing project
performance compared to others methodology. This study attempts to solve problem to the project manager and
project stake holder in handling complicated, dynamic and massive project information especially when changes to
the project baseline which is unavoidable. Through feasibility review study, it has been shown that the EVM
provide an objective measures of the work that project manager can access project achievement by converting the
project data into manageable information clusters and in parallel promoting the earned value management
method as an effective tool to monitor and control project constraints which are cost, timeline and scope.
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1. INTRODUCTION

The performance of a project manager is usually appraised based on project key performance indicator (KPI) which
mostly derived from the project triple constraint [1]. In product development projects, the main KPI are normally the
product profitability which are measured by the product return of sales (ROS) and the internal return rate (IRR) for the
capital deployed to fund the development.

In assisting the project manager to manage the project, there are many method available and can be used depending on the
type and complexity of the project. Among popular methods are Critical Path Method (CPM) [2][3][4], Program
Evaluation Review Technique (PERT) [5][6][7], Monte Carlo Simulation [8][9][10], S-Curve [11][12][13] and least
explore method, Earned Value Analysis Method (EVM) [11][12][13].

All methods available serve the same purpose which is to gauge the progress and report the project execution status
against the project initial plan. Even they are quite similar and project manager can actually use either of them to access
the project progress on a specific task. Some method and technique are focusing on project schedule thru project work
breakdown structure, the financial impact on the project budget are noticeably neglected. Small and quick changes
deviated from the project baseline were implemented with the assumption that it would not impact the project total
budget. However, this, accumulated changes in the end can significantly damage the project profitability and easily
caused project budget overrun.

Nonetheless, EVM method provide complete evaluation of the project status which covers financially, overview of the
project progress and also reliable forecast of the project schedule and budget at very early of the project execution phase
[14].

2. EARNED VALUE DEFINITION

“Earned Value” is basically the value (usually expressed in ringgit) of the work accomplished up to a point in time based
upon the planned (or budgeted) value for that work [15]. The government’s term for earned value is “Budgeted Cost of
Work Performed” (BCWP) [16].
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Typically when a schedule is being formulated, the work to be done is broken down into tasks or “work packets” which
are organized into a logical pattern usually called a “Work Breakdown Structure” (WBS) [16]. The WBS is usually
formulated in a hierarchical manner.

Each work packages is assigned to an organization for work management/responsibility. The organizational structure may
also be represented in a hierarchical manner typically called “Work Breakdown Structure” (WBS). The amount and type
of cost to complete each work packet is then estimated. Resources to perform the work are identified for each packet and
may be coded by using a “Resource Breakdown Structure” (RBS). Each packet typically has one type of cost (labor,
travel, materials, etc.), coded by an “Element of Cost Breakdown” (EOC) or simple general ledger account number.

3. COMPARISON WITH OTHER METHODOLOGY

Network based technique such as CPM and PERT which widely used in late 1950s and still today, recognized as
important project management tools and technique [17]. Other methods of project performance evaluation such as Monte
Carlo simulation and S-curve had been widely used as effective tool in providing trend of the project execution to assist
project manager steer the project.

Critical Path Method (CPM)

Critical Path Method can help project manager to determine how long a project will take to complete, by identifying
“critical” activities in the project’s work breakdown structure [18]. If the information about cost of each activities, and
how much it cost to expedite the activities, CPM can provide forecast such as whether the project should try to speed up
and if so, what is the least costly way to expedite the project. CPM is also used to provide estimation on time to complete
by measuring the longest overall duration through the sequence network diagram [19]. Any delay of an activity in the
critical path directly impacts the planned project completion date.

Project Evaluation and Review Technique (PERT)

PERT is designed to analyse and represent the tasks involved in completing a given project. It was originated by the U.S.
Navy in 1958 as a tool for scheduling the development of a complete weapons system [5][20]. The critical path includes a
sequence of activities that cannot be delayed without jeopardy to the entire project. PERT can be used to estimate the
probability of completing either a project or individual activities by any specified time. It is also possible to determine the
time duration corresponding to a given probability [21]. Subsequently, PERT was developed to simplify the planning and
scheduling of large and complex projects. PERT is concerned with the time needed to complete each task, and the
minimum time needed to complete the total project and it incorporates uncertainty to 21 schedule a project while not
knowing precisely the details and durations of all the activities [19].

Various criticisms and proposed modifications to PERT have appeared in the literature since the early 1960s. There are
five recognized problems with PERT. First, it is difficult for project engineers and planners to accurately estimate the
optimistic, most likely, and pessimistic durations of an activity [5]. Grubbs (1962) [22] note that subjective estimates of a,
m, and b are based on judgment and may not be closely related to statistical sampling of the actual times. The latter
authors note that the subjectivity is compounded by the fact that the activity duration distribution is purely hypothetical, as
well, as discussed later.

MacCrimmon and Ryavec (1964) [21] calculate the sensitivity of (1) and (2) to incorrect estimates of a, m, and b.
Swanson and Pazer (1971) [23] indicate that ‘‘optimistic’” and ‘‘pessimistic’” are ambiguous and are subject to
interpretation. For example, b has been described as having a ‘‘small chance’” or a ‘“‘one in 100’’ chance of being
exceeded [23]. Littlefield Jr and Randolph (1987) [24] state that, based on past research, ‘‘people are not very good
estimators of the extreme values.”” Moder and Rodgers (1968) [19] relax this requirement. The simplification of PERT
proposed in the present paper reduces the dependence on subjective estimation of activity durations by decreasing the
number of time estimates from three to two.

Monte Carlo simulation

Other technique commonly used in managing project with huge time uncertainties is Monte Carlo or also known as Monte
Carlo simulation or method. The benefits of Monte Carlo simulation are using quantified data, allowing project managers
to better justify and communicate their arguments when senior management is pushing for unrealistic project expectations
[25].
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This method furnishes the decision maker with a range of possible outcomes and the probabilities they will occur with any
choice of options. The technique was used by scientist working on the atomic bomb during the last World War 11 [26].
This technique is stochastic, which based on the use of random numbers and probability statistic to investigate problems.
Monte Carlo simulation can quantify the effect of risk and uncertainties in the project schedule and budget, giving the
project manager a statistical indicator of project performance such as target project completion date and budget.

In the field of computer engineering and design, Bhanot et al. (2005) [27] described the use of simulation when
optimizing the problem layout of IBM's Blue Gene?/L supercomputer. In geophysical engineering, Monte Carlo analysis
has been used to predict slope stability given a variety of factors [28]. In marine engineering, Santos and Soares, (2005)
[29] described a probabilistic methodology they have developed to assess damaged ship survivability based on Monte
Carlo simulation. Kwak and Ingall, (2007) [25] explained their use of Monte Carlo simulation in aerospace engineering to
geometrically model an entire spacecraft and its payload, using The Integral Mass Model.

S-Curve

The S-Curve is used in project management as mean of representing the various expenditures of resources over the project
life time of the project or in other word as means of charting the real time expenditure of resources. An S-Curve is a
sigmoid curve. The S-Curve used in project management to monitor the project as its progresses and compared it to the
projected S-Curve to determine whether the project is being completed within the time and budget limitation. An S-Curve
is a tool of quantitative risk analysis which project management would use to determine the possible danger of any given
course of action [30]. Comparisons of each methodology discussed above are simplified in Table-1. Note that this
comparison only provides a general overview of each technique and does not include deep dive investigation.

4. CURRENT EVM AND ASSOCIATED PROBLEMS

EVM is a methodology used to measure and communicate the real physical progress of a project and to integrate the three
critical elements of project management which are scope, time and cost management[14]. Although EVM has been setup
to follow-up both time and cost, the majority of the research has been focused on the cost aspect.

EVM is now accepted by many project managers. Survey conducted by other researchers indicated that project manager
who have used and are using EVM accepted this methodology. The survey done also concluded that this acceptance has
become increasingly common in both the public and private sectors, implying that EVM can be applied successfully in
both sectors [31]. The survey however was conducted in the United State and unfortunately, there are less empirical
studies on EVM implementation were found in Malaysia private and government sectors.

The EVM policy that evolved in the 1970’s, was in the traditional “oversight” mode than used in the US DoD. S/S CSC
developed to manage complex and demanding military projects was not achieving its intended objectives [32]. Studies in
multibillion dollar projects revealed that the problem were apparent, if not avoidable long before the project manager
acknowledge the problems. This showed that the information was not being used effectively throughout the project
management processes. Instead, the information was assigned to project finance or controller and view as financial
reporting requirement. Intensive work had been done to improve EVM application and towards end of 1990’s, EVM was
largely accepted by project management community as standard for project management purpose.

Previous work done claimed that EVM is a powerful methodology to that can be implemented by any kind of projects
with a different sizes and types. There appears to be several assumptions for this reason. Firstly, commercial awareness of
EVM is very minimal among project managers. Most project managers are technical focused and having less
understanding on financial aspect of the project. Corporate rarely discuss earned value and there is relatively little in
commercial print on the subject.

Secondly, data acquisition required is too costly and time consuming. Earned value reporting has not been handled in an
easily manner and there are significant resistance problems when trying to put earned value in to practice.

Related researches which had been carried out in earned value mostly focused on application of earned value method in
different projects as well as organizations. The other category also provided an insight to earned value development which
earned value parameters was taken into considerations. As a closely related research, Anbari (2003) [33] provided an
excellent insight to earned value management method and also proposed a simple control limit for earned value metric.
He considered simple numerical control limits as caution and poor area for evaluating SPI/CPI indexes respectively.
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However, he did not provide more detail for intermediate SPI/CPI amounts. Vandevoorde and Vanhoucke, (2006) [14]
had studied the strange behavior in schedule performance indicator of conventional earned value management. It was
known that schedule indicators are flawed as it reached the final stage of the project duration. Earned Schedule method
was then developed to overcome this problem in traditional EVM. Based on Earned Schedule method, SP1 was calculated
based on time rather than using cost as calculated in E VM.

As a recent work, Vandevoorde and VVanhoucke (2006) [14] not only focused on traditional earned value metrics, but also
they deployed earned schedule performance indicator namely SV(t) and SPI(t). Their proposed approach also was able to
yield forecast total project duration. Moreover, their developed formula compared with three available methods in the
literature based on testing three real life projects in several situations. Finally, they concluded the superiority of the
proposed approach. However, they recommended that maybe based on situation e.g. project manager knowledge and
project management team other methods also would be useful.

Vitner et al, (2006) [34] applied a Data Envelopment Analysis (DEA) in order to performance evaluation in a multi
project environment where each project has been defined uniquely. They integrated both Earned Value Management
System (EVMS) and Multi Denominational Control System (MDCS). They also provided a new approach in order to
reduce number of inputs and outputs in their developed approach to get better results in multi project environment.
However, they pointed out, it was for the first time that DEA had been applied in project environment where it has been
previously used in organizations e.g. hospital, banking etc.

Cioffi (2006) [35] presented a new formalism notations used in earned value analysis and reproduced standard earned
value parameters. He also presented additional quantities defined there. He pointed out that his proposed approach can
accomplish because of several objectives e.g. earned value analysis can be used faster, easier, more frequently and more
useful especially for nonlinear prediction. Prior to this work, Cioffi (2005) [36] presented an analytical parameterization
for S-curve where the curves were normalized two basic parameters. However, it can be further used for earned value
analysis when the curve appropriately fitted.

Kim et al (2003) [31] developed a model based on research conducted on a two year period in different types of projects
and organizations e.g. public and private organizations as well as large and small projects. Firstly, they discussed the
problems arising during earned value implementation e.g. too much cost and paper work. Secondly as another finding,
based on their conceptual model, it is necessary to consider four group namely earned value users, EV methodology,
implementation process and project environment together. As a major conclusion, they expressed that in Noori et al,
(2008) [37] in order to implement earned value method; it is not simple to introduce a methodology in an organization.
Instead it should be embedded with overall organizational approaches such as “colleague-based organizational culture,
continuing top-level management attention” and facilitating supporting systems e.g. project management office.

Moselhi et al, (2004) [38] presented an integrated web based time and cost control system for construction projects which
mapped Work Breakdown Structure (WBS) in to an object oriented model to enable generate earned value reports at
control objects, resource levels. Moreover, in order to analyze project variance, a set of resource performance indicators
used. This system also assists to share data in within a world wide web.

Al-Jibouri (2003) [39] evaluated effectiveness of three monitoring systems namely leading parameters technique, variance
method and activity based ratio technique in construction projects from both theoretical and experimental point of view.
Their investigations indicated that activity based ration and variance method have a better performance than leading
parameter technique. Also, they introduced activity based ratio a faster and simpler method in comparison with other two
approaches. However, they pointed out that it is difficult to generalize the results found on their investigation and further
it can be customized based on the nature of project and amount of information required for further actions.

Lipke et al (2009) [40] discussed applying earned schedule analysis in order to estimate completion date. Firstly, he
presented commonly earned value technique including Schedule Performance Index (SPI) and then SPI (t) that can be
estimated based on dividing earned schedule on actual time where earned schedule can be calculated based on mapping
earned value amount on time (horizontal) axis. As it is well indicated, although there are some researches about both
earned value analysis and (fuzzy) control chart, no related research found in which applied both control chart and earned
value analysis simultaneously even deterministically. However, in this paper, a fuzzy control chart is developed to
manage earned value metrics e.g. SPI and CPI which integrated with the existing project management status system. The
manager here is able to use intermediate decision levels as well as traditional control levels.
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Table-1: Comparison of the techniques.

Technigue Advantage Disadvantage
Eamed Value 1 Provide integrated and 1. Isnore crtical and non-
Amnalysis comprehensive view of project crtical activities.

Method, EVM

status 2. Pequires understandng of
2. Provide an early wamingto project financial aspect.
proactively plan the contingency.

Crtical Path 1 Provide relationship between 1. Used when activities tirne
Method, CPM | activitiesin WEBS are certain. Rizk analysis
2. Helpto spot which activitiezshave | couldnotbe perfonmed.
some slack andtherefore could 2. Beliability largely based
transfer someresources forbetter on accurate estimates and
resources allocation assumptionmade.
3. Too manyactvities may
the tum the network diagram
becomingtoo corplicated.
The activities themselves
mighthavetobebroken
down into mini projects.
Program 1 Integrate nsk management in 1. Fequires longer time for
Evaluation evaluation (durationvariable) evaluation
Beview 2. Focus on critical activities 2. Time estimates are often
Technigque, 3 Enable resources managemert biazed.
PEET and allocation 3. Canbe complex to

evaluate.
1. Do not provide exact

Monte Carlo 1. Powerfulmethodologyto deal

Simulation with project uncertainties. answers but only estimates.
2. Involve risk management
3-Curve 1. Sirnple projection technique and 1. Some data setmavbe too

mmmatire forvalid
application.

easy understand and mamtained.

5. CONCLUSION

This paper reviews the comparison of EVM and other methodology which are CPM, PERT, Monte Carlo Simulation and
S-Curve. CPM technique manage to relationship between activities in WBS, however risk analysis could not be
performed. Although, PERT technique capable to integrate risk management in evaluation but it enquires longer time for
evaluation and time estimates are often biased. For Monte Carlo Simulation, it is a powerful methodology to deal with
project uncertainties, however it do not provide exact answers but only estimation. S-Curve offers a simple projection
technique and easy understands and maintained but so some data set may be too immature for valid application. By
considering of providing integrated and comprehensive view of project status and ability to provide an early warning to
proactively plan the contingency EVM technique was selected for this research. The survey shows that most of project
manager are using EVM and it acceptance is become increasingly common in both the public and private sectors.
However, visualized EVM is less studied and the implementation of EVM in Malaysia are also lacking in both public and
private sectors which appears to be a strong limitation that need to be developed.
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