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One of the main key factors during the project life cycle is the control of the project´s 
real status against the planned one. It allows project manager to evaluate its health and 
to take corrective actions if needed. An efficient control requires an integrated 
supervision of the project performance, scheduling and costs. Earned Value 
Management (EVM) is a method that integrates these three parameters in a 
quantifiable form and therefore its use has been extended both in private and public 
companies. The latest research works about EVM go through the evaluation of the 
performance indexes and forecasting formulas, the applicability to any type of project 
and the consideration of specific projects issues such as the technical performance. 
This work presents the application of EVM to two real projects where the technical 
performance is a driver, and the further analysis of resulting EVM indexes. For the 
experiment, besides real data, several probable scenarios have been generated 
applying statistical methods by Montecarlo simulations to evaluate the efficiency of the 
EVM performance indexes in this type of projects 
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ENGINEERING PROJECTS ASSESSMENT USING EARNED VALUE 
MANAGEMENT WITH PERFORMANCE INDEXES EVALUATION AND 

STATISTICAL METHODS 

Uno de los factores clave durante todo el ciclo de vida de un proyecto es el control del 
estado real del proyecto frente a lo planificado inicialmente, con el objetivo de poder 
evaluar la salud del proyecto e implantar acciones correctivas en caso de ser 
necesarias. Un control eficiente de los proyectos requiere la supervisión integrada del 
alcance del proyecto, la planificación y los costes. La Gestión del Valor Ganado es un 
método que integra estos tres parámetros de una forma cuantitativa y, por ello, su 
utilización se ha extendido ampliamente tanto en empresas privadas como en 
públicas. Las últimas investigaciones sobre el Valor Ganado profundizan sobre la 
evaluación de los índices de rendimiento y las fórmulas de predicción de plazo y coste, 
sobre la aplicabilidad del método a cualquier tipo de proyecto y sobre la 
implementación de más aspectos de los proyectos como por ejemplo la consecución 
de los objetivos técnicos y la calidad. En este trabajo se presenta la aplicación del 
Valor Ganado a dos proyectos reales de ingeniería. Para realizar el experimento, 
además de los datos reales de los proyectos se han generado una serie de estados 
probables del proyecto aplicando métodos estadísticos mediante simulaciones 
Montecarlo. 
Palabras clave: Valor Ganado; Control de proyecto; Métodos estadísticos; Proyectos de 
ingeniería; Gestión de la Incertidumbre 
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1. Introduction 

It is increasingly requested by project managers’ crystal clear project status indicators, 
especially in engineering projects. These indicators should be reliable, easy to manage and 
capable to show objectively project deviations from the initial planning in order to take better 
decisions and to define corrective actions as soon as possible. That is the reason because 
the Earned Value Management (EVM) has been widely introduced in these types of projects, 
as it integrates the management of project scope, cost and schedule and gives deviations 
calculation, performance indexes, as well as final project duration and cost forecasting. 

Commonly, in the engineering projects where the EVM technique is used, the basic formulas 
of EVM are applied, which are comprehensively collected in the standard ANSI EIA-748-
1998. Nevertheless the EVM has been considerably developed during the last 10 years and 
new research lines have been appeared in the literature that should be taken into account for 
say an “updated EVM”. Among the main EVM research lines could be highlighted the 
followings: reliability assessment of the EVM indexes and forecasting methods of project final 
duration and cost (Vanhoucke, 2008); the EVM extension called Earned Schedule (Lipke, 
2003); the integration of the technical performance in the EVM (Solomon 2005, 2006, 2008); 
the consideration of project risks (Pajares, López, 2011); and the use of fuzzy techniques 
(Moslemi, 2011) and analytical curves (Xu 2010) for the EV determination.  

In engineering projects some of these latest researches have a direct interest, such as, the 
integration of the technical performance in the EVM, referenced in some studies (Muñoz, 
Otegi, Rubio, 2012) since engineering projects have intrinsically technical outputs. Moreover, 
it has a great interest in engineering projects the research findings about EVM recent 
extension, the Earned Schedule, as well as, the reliability of the EVM indexes in order to 
have a robust EVM methodology to be applied throughout the project control process. 

Actually, in this work the Earned Schedule will be applied to a real engineering project of 
engine development in order to check the practice in use in this type of projects and also, it 
will be performed a sensitivity analysis of the cost performance index from the EVM and the 
schedule performance index from the ES, by means of statistical methods which allows to 
generate probable situations of the real project to evaluate the effect over the indexes. 
Looking at the results we will be able to check whether in the engineering projects it is 
already practical the use of ES and the stability of the performance indexes of the EVM and 
ES for the engineering projects assessment. 

 

Figure 1: Engineering projects assessment using updated EVM 
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2. Objectives 

The objectives of this work are twofold. The first one is to evaluate the practical application of 
the Earned Schedule (ES), the recent extension of the EVM, in engineering projects using 
real project data. And secondly, to analyze the behavior of the performance indexes from the 
EVM and ES in a real engineering project applying statistical methods. The consecution of 
the objectives will lead to a better assessment of the engineering projects control 
management. 

3. Methodology 

The methodology used in this work in order to evaluate the performance indexes in a real 
engineering project has three steps. The first step consists on applying the EVM formulas to 
the real engineering project data with the aim of obtain the Cost Performance Index (CPI). 
Secondly, the Earned Schedule formulas are also applied to the same real project data to 
obtain the Schedule Performance Index in terms of time (SPI (t)). And finally, Monte Carlo 
simulations are run with the previous results to study the trends of the CPI and SPI (t) in the 
project. The following points explain in detail these three steps. Analogous methodology is 
used in the literature with some differences. For example some authors also use statistics to 
analyze the performance indexes but with the objective of obtain confidence limits (Lipke, 
Zwikael, Henderson, Anbari, 2008). Other authors also use Monte Carlo simulations but with 
fictitious project data mainly (Vanhouke, 2011). 

Figure 2: Applied methodology overview 

 

 

3.1 Applied EVM 

The EVM is a methodology used to measure and communicate the real progress of a project 
integrating the scope, time and cost, in monetary terms. The EVM is widely explained in 
literature (Fleming, 1998, 2006) (Anbari, 2003) (PMBOK, 2004) (PMI, 2005). For an 
overview, the EVM is based on three basic metrics, Planned Value (PV), Actual Cost (AC) 
and Earned Value (EV) from which they are constructed performance indexes and 
forecasting formulas.  

From the EVM we will focus on the CPI. According to the research (Fleming 2009), the CPI 
gives a reasonable good result of project cost performance. In the case study we will follow 
the CPI trend and it will be compared with the findings from the literature (Christensen DS, 
1993), coming from large projects of the U.S. Department of Defense where the cumulative 
value of CPI stabilizes by the time the project is 20% complete. Stability is defined by mean 
that the final CPI does not vary more than 0.10 from the value at 20% complete.     
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For convenience, the terminology EVM uses to portray project status and forecasting is 
shown in table 1. 

Table 1. EVM metrics 

PV Planned Value 

AC Actual Cost 

EV Earned Value 

CV Cost Variance (CV=EV-AC) 

SV Schedule Variance (SV=EV-PV) 

CPI Cost Performance Index (CPI=EV/AC) 

SPI Schedule Performance Index (SPI=EV/PV) 

CR Critical Ratio (CR=CPI*SPI) 

BAC Budget At Completion  

IEAC Independent Estimate At Completion (the 
forecasted final cost) 

3.2 Earned Schedule in practice 

The EVM schedule indicators, SPI and SC, are broadly recognized for failing when projects 
continue execution past the planned end date. For late finish projects, SPI converges and 
concludes at the value 1, while SV behaves similarly, converging and concluding at 0. With 
this flaw schedule prediction cannot be performed reliably using SPI. A recent extension from 
EVM has emerged which provides reliable, useful schedule performance information. This 
extension is Earned Schedule (ES). Briefly, this method yields time-based indicators, unlike 
the cost-based indicators for schedule performance offered by EVM. The ES measure 
identifies when the amount of EV accrued should have occurred. ES is further explained in 
literature (Lipke, 2003).  

From the ES we will focus on the SPI (t). Notice that the nomenclature with (t) refers to a 
metric from ES to differentiate it from the same metric from EVM. According to the research 
the SPI (t) gives a reasonable good result of project schedule performance (Lipke, Zwikael, 
Henderson, Anbari, 2008). 

For reference, the terminology of ES is shown in table 2. 

Table 2. ES metrics 

AT Actual Time 

ES Earned Schedule (ES=C+I) 

C Number of whole time increments of PMB 
for condition EV≥PV 

I Portion of PMB increment earned (I=(EV-
PVc)/(PVc+1-PVc) 

SV(t) Schedule Variance (time) (SV(t)=ES-AT) 

SPI(t) Schedule Performance Index (time) 
(SPI(t)=ES/AT) 
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3.3 Statistics for Performance Indexes Sensitivity Analysis 

Statistics allow considering the probabilities in the project and therefore proposing different 
situations and their effects. In this work, the initial step to apply the statistics requires the 
construction of a deterministic baseline schedule given the project network data. In a second 
step, the deterministic data of earned value and earned schedule in this baseline schedule 
are put into question by adding stochastic elements on them. Pre-defined normal 
distributions are assigned to the deterministic data from which numbers will be drawn in the 
third Monte Carlo simulation step. In this step, different scenarios of the project are simulated 
and its performance is compared to the deterministic baseline point of reference. In a final 
step, sensitivity information about the CPI and the SPI (t) is reported as measured during the 
different simulation runs. 

In the case study, the probabilistic function applied to the deterministic values is a Normal 
distribution. This distribution and the Monte Carlo simulations are performed with a software 
program named @RISK. This is an Excel based application that allows the use of different 
probabilistic functions and simulation options. In the case study 10.000 iterations have been 
run in the Monte Carlo simulations.  

The following figure shows the PALISADE @RISK ® framework and the Normal distribution 
type applied to the deterministic data. 

Figure 3: @RISK software used for Monte Carlo simulations 

 

 

4. Case Study 

4.1 Description of the selected project: Engines engineering project. 

A real-life engineering project of combustion engine development for energy generation has 
been analyzed. This project has been performed between 2005 and 2008 by a company 
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dedicated to the development and manufacturing of combustion engines for power 
generation. 

These projects are characterized by including the typical phases of the industrial engineering 
projects, such as, the concept design, detailed design, simulations and calculations, 
prototyping, testing and launch mass production, where the level of compliance of the 
technical objectives is strongly important besides the cost and scheduling control. The 
project analyzed is also featured by the fact that it is a large project in the energy field as it 
has a budget of several million euros, duration between 2-4 years and the risk of putting a 
new product into the market. The large size of the project makes the breakdown structure of 
the tasks (WBS) to be also quite large.  

The project consists on the development of a new engine of higher efficiency and power than 
the existing ones in the company. Figure 4 shows the type of engine developed in the 
project. 

Figure 4: Engineering projects assessment using updated EVM 

 

4.2 Project data analyzed. 

In the analyzed project the available information for tracking along all the project life cycle 
was the following documents: 

- The initial baseline schedule in MS Project software. It is detailed with multiple tasks 
levels and including the starting and finishing dates, as well as, the dependences 
between them. 

- The total budget of the project made at the beginning of the project and his 
breakdown in six general cost issues as follows: material costs, tooling investments, 
engineering hours, outsourcing expert consultancy support hours, testing costs and 
trips.  

- A monthly report with the technical, economical and scheduling tracing. The technical 
part of the report includes a list of all manufacturing drawings and the testing results. 
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The economical part of the report included cost monthly figures of the general 
spending issues collected from the invoices. The scheduling part of the report 
includes approximate deadlines for the critical tasks but not a detailed scheduling 
tracking. 

- The general accounting of the project with the invoiced costs per month. They are 
available monthly figures of six general cost issues as it is shown in table 3.  

Table 3. Project data 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Results 

5.1 EVM and ES results 

EVM and ES have been applied to the data of the case study and the basic metrics of both 
techniques have been successfully obtained, such as, the AC, PV and EV from EVM and the 
ES, and their cumulative values have been plotted throughout the project in figure 5.  

The total budget is equally distributed in the project periods to obtain the PV as used by 
some authors (Anbari, 2003). 

 

PROJECT CUMULATIVE COST DATA (Thousands of Euros) 

Date Materials Investment Labour Testing Engineering 
out Trips TOTAL

dic‐05  178 206 55 14 425 10 889 
ene‐06  148 206 74 22 678 10 1139 
feb‐06  152 206 96 32 678 10 1175 
mar‐06  159 206 118 43 678 10 1215 
abr-06 174 219 131 50 678 10 1263 
may-06 177 219 143 60 678 11 1288 
jun‐06  180 228 162 68 678 11 1326 
jul‐06  248 259 172 75 679 11 1444 
ago‐06  252 259 178 78 679 12 1457 
sep‐06  283 260 184 85 679 12 1503 
oct‐06  308 260 197 93 679 12 1549 
nov‐06  316 260 208 101 679 12 1576 
dic‐06  383 262 211 104 995 12 1967 
oct‐07  417 279 309 176 1443 13 2637 
jun‐08  444 279 401 242 1522 16 2905 
ago‐08  445 279 425 261 1523 16 2950 
nov‐08  472 279 475 281 1526 23 3056 
dic‐08  473 279 488 281 1526 23 3070 
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Figure 5. EVM and ES metrics throughout the project 

 

5.1 Performance indexes results 

From the calculated basic metrics of EVM and ES, the variances and performance indexes 
can be obtained. We will focus on the results of the CPI, SPI, SPI (t) and CR. The figure 6 
shows the CPI throughout the project. As can be seen, the CPI has significant variations in 
the first third of the project and then it tries to maintain a stable trend. This result matches 
with the findings in large projects of the U.S. DOD described in the literature. 

Figure 6. CPI throughout the project 

 

 

Also the SPI and SPI (t) values have been plotted, in this case, in figure 7. A quick look 
shows the differences between the two indicators. The SPI behavior at the end of the project 
tends to 1 independently of the real status of the project. By the other hand, the SPI (t) 
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behavior is more realistic according to the project information. In the first third part of the 
project the SPI (t) shows a worst schedule situation than the SPI, which match better with the 
project information, thus the SPI could be too optimistic. The SPI (t) at the end of the project 
shows variations that indicate that it is still working independently of the fact that it has to 
reach the value 1. Actually, in this project the final value of the SPI (t) should be 1 because in 
the project the earned schedule and earned work was equal to the planned one, but the SPI 
(t) could catch delays in the project. 

Figure 7. SPI and SPI (t) throughout the project 

 

 

Finally, the CR indicator is monitored in figure 8, and as it is the product of the CPI and SPI it 
behaves like them, so the CR (t) collects better the real status of the project.  

Figure 8. CR and CR (t) throughout the project 
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5.2 Monte Carlo simulations results 

Once the performance indexes values CPI and SPI(t) are obtained, which are deterministic, it 
is applied a Normal distribution to each of them and a Monte Carlo simulation is run up to 
10.000 iterations to generate probable values of the CPI and SPI (t) throughout the project.  

The figure 9 shows the statistical values of the CPI and their probability percentages.   

Figure 9. CPI range of probable values with normal distribution 

 

 

For this job they have been considered as confidence limits the maximum and minimum 
values (100%), as well as, the 95%, 50% confidence intervals and the mean. These values 
are plotted for both the CPI and SPI (t). 

The figure 10 shows the statistical values of the SPI (t) and their probability percentages. In 
the case of the SPI(t), they are no values available at the beginning of the project because 
there is no result from the ES formulas until there are a integer number of whole time 
increments where EV>PV. 

As it can be seen in the results plots, the CPI and SPI (t) change with the Normal distribution 
values so they are sensible enough to the changes in the EV and ES to catch different 
project situations.  

On the other hand, looking at the results, the standard deviation remains stable which can be 
interpreted as the CPI and SPI maintain the trends even when the values of the EV and ES 
change with a normal distribution, which may be considered as the behavior of the CPI and 
SPI(t) is stable and representative of the project behavior.   
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Figure 10. SPI (t) range of probable values with normal distribution 

 

 

6. Conclusions 

Once applied the described methodology in this work to real engineering project data as in 
the practical case, the following conclusions can be extracted: 

- The CPI stability after 20% of project execution observed in several large projects is 
also confirmed for this type of engineering projects. 

- The Earned Schedule, the recent extension of the EVM, can be applied in practice in 
the engineering projects with the project data usually managed in this type of projects 
with the exception, and this is a remarkable finding, in case of the condition EV>PV is 
not accomplished which often occurs at the beginning of the projects. 

- It is also been confirmed that, at the end of the project, the SPI (t) obtained from ES is 
more accurate than the SPI from EVM, because it does not tend automatically to 1.  

- In the engineering projects the CPI from the EVM could be applied during the entire 
project. By the other hand, SPI from EVM should be applied at the beginning of the 
project and the SPI (t) from the ES should be applied at the end of the project in order 
to get reliable performance indexes.  

- Regarding the sensitivity analysis, with just a few cases, deterministic analysis makes 
it difficult to see which variables impact the outcome of the project the most.  In Monte 
Carlo simulation, it’s easy to see which inputs had the biggest effect on bottom-line 
results. 
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