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Abstract 

Department of Defense (DoD) Instruction 5000.02 requires an Earned Value Management System 
(EVMS) compliant with ANSI/EIA-748 for all DoD cost or incentive contracts valued at or greater than 
$20M.  Earned Value Management (EVM) integrates cost, schedule, and time to draw conclusions 
about current project status as well as make projections for future project status.  Though EVM has 
been widely adopted on many projects, there are clear limitations indicated in the literature which 
ultimately inhibit the ability of EVM to become universally accepted as a best practice across all 
industries.  In response, researchers have developed extensions such as Earned Schedule 
Management (ESM), Earned Duration Management (EDM), and Customer Earned Value (CEV).  This 
paper addresses the evolution, limitations, and new extensions of EVM.     

1. EVM Introduction 

 Earned Value Management (EVM) is a comprehensive performance measurement system 
(PMS) that integrates cost and schedule parameters into a single methodology to provide joint 
situational awareness for project managers and customers to assess project cost, schedule, and 
technical performance.  EVM is an increasingly popular tool that organizations are utilizing to report 
and control project performance in an objective manner.  EVM is mostly prevalent in the defense 
industry as it has been mandated by the United States Government for DoD contracts valued at or 
greater than $20M in accordance with ANSI/EIA-748.  Utilized as a PMS, EVM helps drive 
organizational success (Upadhaya, 2014).  Without an effective PMS, an organization lacks the ability 
to track, monitor, or take corrective actions as necessary.  Prior to EVM, traditional PMS’s had two 
separate and independent systems with one focusing on cost and the other focusing on schedule.  
Lacking integration of these two systems, a project manager could not truly understand the health 
of the project. This glaring weakness could not identify the reason a project was over or under 
spending since it did not cross reference time-based data.  EVM brings together cost and schedule 
data by integrating them into one metric.  By integrating cost and schedule data together, project 
managers and the contracting agency can monitor project health while providing a mechanism to 
forecast the final cost at completion of the project as well as when the project will be completed.  
This easily aligns the organization at both the strategic and operational levels (McAdam, 2014) by 
providing detailed day to day information while also providing the performance of the project 
overall.  EVM does this by using a common monetized value of work for both cost and schedule.  This 
is where the true power of EVM lies, allowing EVM to produce variance and performance indices to 
predict final project cost and schedule at completion.   
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2. Basic Definitions of EVM 

There are three fundamental metrics of EV that are used to generate the performance indices for 
cost performance and schedule.  They are Planned Value (PV), Earned Value (EV), and Actual Costs 
(AC).  PV is defined as the budgeted cost of work scheduled at the measuring point (MP).  EV is 
defined as the budgeted cost of work performed at MP.  Finally, AC is defined as the actual cost of 
work performed at the MP.  Once these three fundamental measures are obtained, several key 
metrics and ratios can be derived which indicate the health, performance, and outlook of the project.  
The Cost Variance (CV) is equal to the difference between EV and AC.  This number indicates the 
extent of over or under run in terms of cost.  The Schedule Variance (SV) is equal to the difference 
between EV and PV.  This number indicates whether a project is running behind or ahead of schedule.  
Negative values of CV and SV indicate a lack of progress against the baseline plan.  The Cost 
Performance Index (CPI) is equal to the EV divided by AC.  This is a powerful index that indicates how 
much it costs to earn one dollar of budget (Wake, 2008).  The Schedule Performance Index (SPI) is 
equal to EV divided by PV.  This index indicates the extent to which the project is running ahead or 
behind schedule.  If both SPI and CPI are equal to 1, the project is running exactly on schedule and 
budget.  The To Complete Performance Index (TCPI) is a useful index that indicates how well a project 
must perform in terms of cost on the remaining work in order to complete on budget.  The TCPI is 
equal to the difference in Budget at Completion and EV divided by the difference in Budget at 
Completion and AC.  As a general rule of thumb, once a TCPI exceeds a value of 1.1, such a dramatic 
shift in performance is difficult to achieve in reality.  Table 1.1 below summarizes the basic 
measurements utilized in Earned Value Management.   

 
Table 1 

Measurement Definition 
Planned Value (PV) Budgeted Cost of Work Scheduled 

Earned Value (EV) Budgeted Cost of Work Performed 

Actual Cost (AC) Actual Cost of Work Performed 
Cost Variance (CV) EV – AC 
Schedule Variance (SV) EV – PV 
Cost Performance Index (CPI) EV / AC 
Schedule Performance Index (SPI) EV / PV 
To Complete Performance Index (TCPI) (BAC – EV) / (BAC – AC) 

3. Basic EVM Process 

The Earned Value Management process begins with determining the project baseline.  A list of 
deliverables that need to be met are captured in a planning process that results in a product-oriented 
Work Breakdown Structure or WBS (Ruskin, 2005).  The WBS is a very important project planning 
document as it serves as the foundation document for the project.  The WBS is what is used to 
develop an accurate schedule, cost, and staffing plan.  For each deliverable listed on the WBS an 
estimate is needed for how long it will take to complete the task.  A time phased budget is created 
for each activity which rolls up into each work package.  The cumulative sum of the individual budgets 
of the baseline is referred to as the BCWS and includes all relevant project costs to include personnel, 
material, equipment, and overhead.  This data will form into the project baseline plan, or the 
Performance Measurement Baseline (PMB).  Project performance will be measured against the PMB 
at regularly defined monitoring points established by the organization.  At each monitoring point, 
critical information will be gathered for each deliverable being tracked.  For each task being 
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performed, the actual costs should be totaled and the budgeted values for the tasks for which work 
has been performed should be totaled as well.  From these basic pieces of information, the metrics 
from Table 1.1 are calculated and the health of the project can be understood.  As time progresses, 
the PV, EV, and AC will build up cumulatively.  The data from these metrics is typically depicted 
graphically in an S-curve to quickly and visually communicate project progress.     

4. Progress Measurement:  

For EVM to properly serve its purpose, a reliable evaluation of the actual status of a project along 
with timely collection and reporting of data is critical.  Progress estimation of a task needs to be as 
objective as possible and there are several methods suggested in the literature.  These cases can be 
broken down into quantitative and qualitative progressing techniques.   The simplest quantitative 
approach involves counting the number of “units completed” if the project involves production of 
deliverables that are easily measured.  This should primarily be used when something is repeated, 
and each piece or deliverable requires approximately the same level of effort (Lukas 2008).    The 
“on/off” technique is best utilized when a deliverable cannot be physically measured.  In this case, 
no credit is taken for the task until it is formally accepted as finished and 100% complete.  One 
potential drawback of this is that tasks that are currently underway but not complete are not given 
any partial credit, so an underestimation of performance could occur.  To avoid this issue, 
“incremental milestones” can be used to credit certain steps of the process with a respective 
percentage complete associated to it (De Marco, 2009).  The “Start – Finish” technique applies some 
percentage to the start of a task and the remaining percentage upon completion of the task.  This is 
best used when the deliverable is of low value and has a short duration without milestones in 
between that can be easily defined (Lukas, 2008).  The main Qualitative progressing technique is 
called “Level of Effort” or LOE.  This technique is only used when it is very difficult to measure the 
amount of work that was accomplished.  LOE assumes that progress is equal to the actual costs 
divided by budget (Lukas, 2008).  The ability to determine realistic progress for deliverables or work 
packages is one of the most difficult parts of EVM.  Progress should be reported quantitatively as 
much as possible.   

5. Limitations of Earned Value Management:  

Based on an extensive literature review, it is clear that Earned Value Management has not been 
universally accepted or adopted in all projects.  Reports of its effectiveness vary throughout, with 
some reports of positive outcomes (DeMarco, 2009; Chou, 2010) and some reports highlighting the 
negative outcomes as well (Vargas, 2003; Lukas, 2008).  6 key limitations of Earned Value 
Management have been identified in the literature which significantly weakens the ability of this 
Performance Management System to be accepted as a universal best practice across all industries 
and projects.  Each of these 6 key limitations will be discussed further below.  Table 1.2 summarizes 
the strengths and limitations of Earned Value Management that have been identified.  

5.1.   The Agency Problem 

In the defense industry, EVMS is a contractual requirement bestowed upon an organization by 
the DoD.  Inevitability, this leads to a principle-agent relationship as the DoD or “principle” engages 
with the organization or “agent” to provide some type of service or product on his or her behalf 
(Jensen and Meekling, 1976).  The most important aspect of this relationship is that the authority to 
make most decisions on the project is delegated by the principle to the agent.  Because the principle 
and agent are from two different organizations, there is a high potential that competing objectives 
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or goals can exist which results in unnecessary costs, delays, and a general mistrust that quickly builds 
up between the organizations.  Further fueling the mistrust between organizations is the fact that 
information asymmetry (Eisenhardt, 1989) is inevitable as the contractor typically has more 
information about project issues and progress than the client.  Since this asymmetry exists, the 
contractor may be acting in their own self-interests at the expense of the project, known as the 
“moral hazard problem” (Turner and Muller, 2004).  To address these concerns, principles or 
contractors have focused on the use of the contract as the unit of analysis (Melnyk, 2004).  Namely, 
a shift to outcome-based contracts has occurred where the principle has information that allows 
them to verify the claims made by the contracting agency.  There has been a recognition that the 
contract could be used as a mechanism to motivate and control by developing metrics which allow 
the principle to manage and direct activities to the agent.  Even with these metrics, there are still a 
number of opportunities for information asymmetry to emerge, jeopardizing the relationship 
between the two organizations and ultimately the ability of the project to be successful.  The agency 
problem discussed above grows when the desires or goals of the principle and agent are in conflict 
and when it is difficult or expensive for the principal to verify the actions of the agent (Eisenhardt, 
1989).  The inability to validate the actions of the agent with certainty leads to the problem of risk 
sharing when principle and contractor have different attitudes toward risk.  Each party will behave 
differently and take different actions based on their own risk preferences.  For the contract to be 
successfully used as a governing mechanism, it should take into account assumptions about the self-
interest and risk aversion of all interested parties, any organizational conflict that could be present 
amongst members, and specify the level of information that is required (Eisenhardt, 1989).   

5.2.    Assumption that each activity is independent 

Earned Value Management considers each cost account to be wholly independent, essentially 
neglecting any effects of workflow, dependencies, or variability in project control (Kim and Ballard, 
2000).  It is not uncommon for tasks to follow in a linear sequence and still have an interdependent 
relationship, especially in an environment where lean practices have been adopted.  The following 
example can illustrate the effects of ignoring workflow dependencies, as seen in Figure 1.1.  In 
scenario 1, let us assume that Task A is a predecessor to Task B.  Task A is required to manufacture 
100 units of output in one month with a budget of $1 per unit of output or $100 per month.  If Task 
A produces 25 units each week for four weeks, then the workflow is very stable, and Task B is not 
constrained in any way by the performance of Task A.  In this scenario, Task B is completely 
responsible for its own performance.  Now let us assume scenario 2, where Task A is still the 
predecessor to Task B, however, the output of Task A is highly variable over the four weeks.  In this 
case, assume Task A is still able to produce an output of 100 units in the month, however, it produces 
15, 20, 25, and 40 in the four respective weeks of the month.  Due to this unreliable workflow, the 
performance of Task B might be worse if Task B has some type of resource constraint which prevents 
it from completing more than 30 units in a given week.  Current EVM methodology would flag Task 
B as the issue because it was not able to meet the monthly output requirement of 100 units.  In this 
case though, the inability to meet output requirements of Task B is a direct result of bad performance 
from Task A.  Earned Value Management is not able to reveal that A is the underlying problem due 
to an unreliable workflow because it assumes that each activity is independent and not affected by 
any other activity or task.  
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Figure 1 

5.3.    Assumption that one earned hour is as good as another 

Research on cost control in the construction industry has seen tremendous growth over the last 
decade as more and more construction and development projects are undertaken throughout the 
world.  EVM is an integrated cost and schedule tool where progress is measured based on budgeted 
dollars or hours to complete specific tasks or work. Specifically, in the construction industry for, 
example, it is common to assign a budget of x dollars per cubic meter of soil moved (Kim and Ballard, 
2002).  However, it is clear that a certain sequence must be followed when removing earth.  
Removing earth from an area that does not need to be at the time is indeed earning value in terms 
of BCWP, however, it is not actually the one hour of earned value that is needed at that time.  This 
indicates that EVM does a poor job of differentiating between value generating work and non-value 
generated work.   

5.4.    Risk of artificially under or over “cooking” performance indexes 

As discussed in previous sections, the Schedule Performance Index (SPI) is an overall indicator of 
whether the project is behind, on, or ahead of schedule.  An SPI less than one indicates that work 
has not been accomplished at the rate in which it was planned.  An SPI greater than one indicates 
that more work has been accomplished than was planned.  However, a review of literature indicates 
that an SPI greater than one does not necessarily mean that a project is ahead of schedule.  It is 
possible that more work can be accomplished than planned by working on non-critical path work 
packages or by working on “easier” tasks that were scheduled in the future.  Basically, if a schedule 
variance is showing as negative and someone wants to prevent that cost account from showing 
behind schedule, all that individual would have to do is increase BCWP as much as possible by the 
reporting date.  The development of detailed work sequences is typically left to the discretion of the 
managers who can sequence and release work to make performance appear better, without regard 
to workflow or the needs of the following work center.  It has been argued that to truly understand 
the schedule health of a project, project float must also be observed in combination to give a true 
determination of status (Lukas, 2008).  Recently, some scholars have suggested refinements to EVM 
that would address this issue by integrating activity-based sensitivity information into the 
calculations of earned value to decrease and ultimately remove false effects from non-critical 
activities (Elshaer, 2013).   
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5.5.    SV & SPI accuracy 

EVM has been a widely adopted method for forecasting project costs.  However, the ability to 
apply EVM to schedule performance has not been as widely adopted due to the standard approach 
of EVM to evaluate schedule performance in monetary units rather than units of time.  The ability to 
monitor schedule progress and forecast future progress is a powerful tool that EVM intends to 
capitalize on by utilizing a Schedule Performance Index or SPI.  Many researchers have noted the 
struggle with SPI (Short, 1993; Vandevoorde and Vanhoucke, 2006; Leach, 2005; and Lipke, 2003) 
which has led to its usefulness being commonly questioned in both industry and academia.  The 
reason for this lies within its fundamental properties.  First, like CPI, these performance indices are 
only accurate for future targets if the project is assumed to run as it has in the past – I.E. no corrective 
action has been taken which would alter the performance to date.  The performance indices strictly 
assume that projects will proceed as it has in the past.  As soon as baselines conditions change, those 
indices begin to lose their power, and this must be considered when calculating estimates at 
completion.  Secondly, an inherent defect unique to the SPI calculation is that as the project gets 
closer and closer to completion, the SPI will begin getting closer and closer to a value of 1 even if the 
project is behind schedule.  This is because, upon project completion, the SPI will have a value of 1 
as BCWP will be captured for every task on the baseline schedule.  As a result, researchers have 
recommended that SPI only be considered useful during the initial stages of project development 
(Fleming, 1991).  As mentioned earlier, it is important to look at project float along with SPI to 
confidently identify whether the project is truly behind, on, or ahead of schedule.  Thirdly, in EVM, 
schedule performance is measured, analyzed, and predicted in units of value like money or percent 
complete as opposed to its natural state which is time.  Finally, traditional EVM schedule 
performance measures have been shown to not be very reliable when the cost of delayed critical 
activities is a fraction of other cost activities.  In this case, the delay in completing the low-cost critical 
activities will not indicate much of a variance (Khamooshi and Golafshani, 2014). 

5.6.    EVM does not consider uncertainty or give a range of possible values 

A typical control process in project management consists of monitoring actual performance, 
comparing that with planned performance, identifying variances, and then estimating or forecasting 
the amount at completion.  The main purpose of project control is to provide pertinent stakeholders 
with the ability to foresee potential future problems and take corrective actions as necessary in a 
timely manner (Kim and Reinschmidt, 2010).  One of the fundamental shortcomings identified in the 
literature is that EVM based forecasting for both cost and schedule is deterministic and does not 
provide a range of possible outcomes nor the probability of meeting the objectives of the project 
(Kim and Reinschmidt, 2010).  Without a probabilistic range of outcomes, all possible scenarios 
cannot be properly considered, and steps cannot be made to plan for varying outcomes.  Essentially, 
the entire team is planning just based off one exact scenario where the probability of that exact 
outcome is extremely low. 
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Table 2 
Strengths Limitations 

Integrates cost and schedule into a single 
methodology 

Agency problem  

Aligns the organization at the strategic and 
operational level 

Neglects workflow, dependencies, and 
variability in project control  

Provides status on current performance as 
well as projections of future performance 

Poorly differentiates between value 
generating and non-value generating work  

Based on a Work Breakdown Structure Does not consider project float  
Enables project managers to gain a better 
understanding of the true nature of project 
status midstream 

Schedule performance is in terms of 
monetary units  

Promotes disciplined project management 
planning 

Does not give a range of possible values  

Early warning indicator  
Historical data captured can be used for 
comparative analysis in the future 

 

6. EVM Extensions: 

A considerable amount of research has been made related to possible extensions of EVM in 
response to some of the constraints identified in the previous section.  Namely, three main 
extensions/alternatives to traditional EVM have been identified in the literature which will be 
discussed in detail below. 

6.1.    Earned Schedule Management 

Earned Schedule is an extension of EVM that was developed in 2003 by Walt Lipke and has now 
been accepted as a reasonable tool for schedule control.  In fact, it is now even included in the 
appendix in the Project Management Institute (PMI) Standard for EVM.  Lipke argued that “from the 
time of the development of the EVM indicators, it has been known that the schedule indicators are 
flawed and exhibit strange behavior over the final third of the project when performance is poor 
(Lipke, 2003)”.  The use of Earned Schedule (ES) is rooted in the same fundamentals as Earned Value 
with one key distinction.  ES makes use of schedule performance in terms of time as opposed to cost.  
ES considers when work was supposed to be completed as opposed to the dollar value of work 
accomplished.  ES was largely developed in response to certain behaviors in traditional EVM that do 
not allow project managers to fully understand the behavior of their projects in the future.  As 
discussed earlier, SPI converges and concludes at the value of 1.0 so it is difficult to use SPI reliably 
(Lipke, 2009).  There are three main factors that are the basis of Earned Schedule Management 
(ESM).  The first is called the “Planned Duration” or PD, which is the length of time the project task 
is baselined to take.  The second factor is called the “Actual Time” or AT, which is the actual number 
of time periods that have passed to the measuring point.  The third factor is called the “Earned 
Schedule” or ES and is dependent on the AT.  ES is calculated as the time period at which the amount 
of value earned at AT was supposed to happen per the PMB.  For example, let us suppose that the 
current AT is 6 months and the value earned at month 6 is $100.  However, according to the baseline 
plan, a value of $100 was supposed to be earned at month 4.  This would mean that the ES is only 4.  
With these main factors calculated, it is now possible to derive the Schedule Performance Index (SPI 
(t)) for ES.  This is done by taking the ES divided by the AT.  In the example just mentioned, the SPI(t) 
would be 4/6 or approximately 0.67.  The PD divided by the SPI for ES is the equivalent of the EAC 
that is derived similarly in traditional EVM.  In the example discussed, the EAC for ES would be 12/.67 
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which is approximately equal to 18.18.  Lipke conducted a study with nearly 500 months of data that 
found that ESM analysis yielded higher variation than expected but it consistently had better 
performance for schedule (Lipke, 2009).  Even though SPI (t) has shown evidence of being a superior 
measurement compared to SPI, it does have some conceptual limitations. The main criticism of SPI 
(t) is that it measures schedule performance using monetary terms of EV and PV (Khamooshi, 2014).  
In essence, ES utilizes EV as a means to get to the duration, however, EV has not been proven to 
necessarily be an accurate measure of schedule progress.  Therefore, performance measures that 
use cost to measure schedule could be inherently weak as a proxy for measuring schedule progress.   

6.2.    Earned Duration Management 

EVM has evolved into its current state through its focus on cost management, control, and 
financial analysis for many decades (Brandon, 1998; Fleming and Koppelman, 2004; Kim, 2003).  
However, even as far back as 50 years, there has been a struggle to separate schedule concerns from 
budgetary concerns (Paige, 1963).  In stark contrast to Earned Value and Earned Schedule 
Management, Earned Duration Management decouples schedule and cost performance measures 
completely and has developed alternative indices to measure the performance of a project in terms 
of schedule and cost (Khamooshi and Golafshani, 2013).  EVM was primarily developed to focus on 
the big picture cost and duration within certain stages of a project, however, this has led to a neglect 
of the buildup of smaller figures of cost and duration.  Basically, cost and schedule overruns in one 
area can be compensated by underruns in other areas.  Especially in organizations where different 
teams or departments are scrutinized for performance, this can be problematic.  Earned Duration 
Management (EDM) makes use of two groups of measures for schedule performance, one set at the 
micro-level and another set at the macro level.   

The following basic notations are used at the Micro Level: 
i) Baseline Planned Duration of Scheduled Activity (BPD) – the authorized duration for a task to 

complete 
ii) Planned Duration of Schedule Activity (PD) – the authorized duration assigned to the 

scheduled work to be completed, the equivalent of PV in EVM 
iii) Activity Progress Index (API) – measures the progress of activity.   
iv) Earned Duration (ED) – the value of work performed as a proportion of approved duration 

assigned to it 
v) Actual Duration (AD) – the time in calendar units between start of an activity and the reporting 

period  
 

The API is calculated as the Actual Duration of a task divided by the actual duration plus the 
estimated duration to complete.  The use of this measurement is completely duration based and 
does not have any dollars associated with it.  PD, ED, and AD for Earned Duration Management are 
the respective counterparts of PV, EV, and AC for EVM.  All the basic measures of EDM are dependent 
on the “time now” or reporting date as well as the authorized BPD in the baseline schedule.   

The following basic notations are used at the Macro Level:  
i) Baseline Planned Duration (BPD) – the authorized duration assigned to complete the entire 

project 
ii) Total Planned Duration (TPD) – the sum of Planned Duration for all activities to the left of the 

current reporting period 
iii) Total Earned Duration (TED) – the sum of Earned Duration for all activities to the left of the 

current reporting period  
iv) Total Actual Duration (TAD) – the sum of Actual Duration for all activities  
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6.3.    Customer Earned Value  

In traditional practices of Lean Methodology, it is of utmost importance to view every situation 
from the customer’s perspective.  This philosophy is deeply rooted in many traditional Quality 
Engineering practices, often referred to as the “Voice of the Customer” or VOC.  Rather than focusing 
on the customer, EVM traditionally focuses inward on outputs and the producer’s perspective 
regardless of what customers need downstream.  Customer Earned Value (CEV) was developed by 
Kim and Ballard to control workflow in an internal supply chain.  It defines value from the customer’s 
perspective as to how much of the received work can be used immediately.  CEV methodology has 
defined a list of three major requirements for the application of this methodology (Kim and Ballard, 
2002).  The first is regarding quality, which states that work should be conformant to all 
specifications.  If the work does not produce a deliverable that meets all specifications, then it is of 
zero value to the customer.  Second, the size or amount of work provided to the customer should be 
what was agreed upon and baselined to.  The customer does not value anything until all agreed upon 
components and deliverables have been met at the specified quantities.  Finally, the customer will 
only find value in the work that is pulled.  The customer should be receiving the work that is ready 
to be worked on.  The main difference between EV and CEV lies within the perspective that each 
takes, EV takes the performer’s perspective whereas CEV takes the customer’s perspective.   

CEV is defined as the budgeted amount of work completed and used by successors.  Any 
difference between EV and CEV is the level of WIP between the two activities, defined as Value-in-
Process, or VIP (Kim and Cho, 2015).  The VIP contains the amount of work that was completed but 
has yet to be used by the successor.  CEV is not earned until the work of the previous station is 
released to use by the next station.  The VIP ratio is an indicator of the level of growth or decline in 
VIP that has occurred from one time period to the next.  A value of less than 1.0 indicates less WIP 
between stations or tasks and a value greater than 1.0 indicates greater WIP between stations or 
tasks.   

7. Concluding Remarks:  

Earned Value Management (EVM) is a powerful budgetary and schedule tracking tool that has 
become widely adopted across all types of projects.  The basic principles of this methodology have 
been utilized since the late 1800s in the industrial world.  The first official use of this concept was 
used in the early 1960s by the United States Air Force for the Minute Man Missile (Vakhrushkina, 
Mishakova, Borshcheva, 2017)).  After the success of the application, this practice became a 
requirement upon many government contracts.  EVM translates work into monetary terms and 
tracks progress against a baseline plan.  By tracking against this point of reference, EVM has the 
ability to produce a number of metrics that aid in tracking progress as well as predicting future cost 
and schedule.  As discussed earlier, basic metrics such as schedule and cost variance drive 
performance measures like Cost Performance Index (CPI) and Schedule Performance Index (SPI).  
From the performance measures, future cost and schedule can be extrapolated to better understand 
where the project is headed.   

Though EVM has been widely adopted on many projects, there are clear limitations indicated in 
the literature which ultimately inhibit the ability of EVM to be as successful as advertised.  There are 
management shortcomings regarding EVM as it struggles to resolve the agency problem inherent 
anytime a contractor is acting on behalf of the contracting agency.  EVM also assumes that every 
activity is independent and in many instances is unable to highlight the true root cause of the 
problem.  For those who have a clear understanding of EVM, it is easy to deliberately drive certain 
actions which can alter the performance measures if they so choose to or are incentivized with 
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certain Performance Based Payments (PBP’s).  There are rather strong weaknesses inherent in the 
scheduling side of EVM.  SPI will tend to get closer and closer to a value of 1 as the project reaches 
the end of its life, even if the project is well beyond late to the customer.  Not all hours earned are 
equal in reality, however, EVM treats each hour earned as if it is just as good as another.  Finally, 
EVM will provide an exact estimated cost at completion.  The probability that the exact estimated 
cost will occur is very small.  EVM could be more powerful if it could provide a range of possible 
values as opposed to just one.   

In response to some of these shortcomings, researchers have begun looking into alternate 
methodologies or modifications to traditional EVM.  Earned Schedule (ES) is one of these methods.  
ES considers when work was supposed to be completed as opposed to the dollar value of work 
accomplished.  Earned Duration Management (EDM) has been able to decouple cost and schedule 
measures for the first time.  This is a powerful concept that is a popular area of research today.  
Finally, Customer Earned Value shifts the focus of performance management from the producer’s 
perspective to that of the customer.   

As a result of this extensive literature review, it is clear there are still limitations of EV that exist 
which prevent it from becoming a universally accepted best practice.  Extensions of EV that address 
the inherent information asymmetry associated with the Agency Problem is a clear area that still 
needs additional research and insight.  In addition, extensions of EV need to be developed which can 
provide a range of possible values for final project cost and schedule.  Earned Schedule Management, 
Earned Duration Management, and Customer Earned Value have all been developed in response to 
the remaining limitations brought forth in this paper and summarized in table 1.3 below.   

Table 3 
Limitation Number Earned Value Limitation Earned Value extension addressing 

the limitation 
1 Agency Problem Research Gap 
2 Does not provide a range of possible values Research Gap 
3 Assumption that each activity is independent Customer Earned Value 
4 Risk of “cooking” performance indices Earned Duration Management 
5 SV & SPI accuracy for projects behind schedule Earned Schedule Management 
6 Assumption that one earned hour is as good as 

another 
Customer Earned Value 

8. Proposed path forward for Limitation 2:  

A proposed methodology to address Limitation Number 2 regarding the inability of EVM to 
provide a range of possible values is to integrate EVM with traditional Statistical Process Control 
(SPC).  SPC is defined as the use of statistical techniques to control a process or production method 
(ASQ).  This is primarily done through the use of Control charts developed by Walter Shewart in the 
1920s.  SPC has been applied to project schedule control in four major studies utilizing various control 
chart methods including CUSUM, Shewhart, and Individual Moving range charts.  From these studies, 
it was found that SPI(t) utilized in the Earned Schedule methodology provides the best option to 
differentiate between common and special causes of variation.  However, the average area under 
the curve (AUC) for SPI(t) was highest when used directly on the individual moving range control 
charts.  While these studies have laid the groundwork for integrating SPC and EVM, there is still 
additional research that is needed to further strengthen this methodology.  Additional research 
needs to be done on applying the appropriate transformations of earned value indices, as they are 
typically non normally distributed.  Secondly, the SPC and EVM integration needs to mature to a point 
where appropriate prediction models of final project performance can be validated and trusted.  
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Future papers on the integration of SPC and EVM are in process and will look to address the 
integration of these two methodologies.   
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