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THE COSTSAND BENEFITSOF THE

EARNED VALUE MANAGEMENT PROCESS

ABSTRACT

The question of whether the benefits of the earned val ue management process exceed the costs has not been
adequately reported in the literature. Several studies report the costs but ignore the benefits. Others focus on the
benefits, but ignore the costs. For example, awidely circulated report by Coopers & Lybrand and TASC (1994)
concludes that the DOD regulatory cost is significant, and the requirement for earned value management systems
(EVMYS) criteriais among the largest cost drivers. However, the benefits of the earned value information derived
from criteria-compliant contractors were not considered. Clearly, areport that addresses only the costs or the
benefits of earned value may be misleading. This study addresses both the costs and the benefits of earned value.
The earned value concept and the related criteria are considered. Based on a comprehensive literature review,
studies reporting the costs or the benefits of earned value are summarized and synthesized. The result is areport that

facilitates a more complete and objective evaluation of the earned val ue management process.

I.INTRODUCTION

There is a difference between earned value and earned value management systems (EVMS) criteria. Earned
value is a specia metric that can be used to manage any project. The criteria are standards for management control
systems that use earned value. Since 1967 the criteria have been required on large, flexibly priced defense contracts.
The purpose of the criteria was to assure the reliability of the earned value metric. Although earned value does not
require the criteria, it does require a management control system which meets at least some of the standards
described by the criteria. In this paper, the term "earned value management process' includes both earned value and
the EVMS criteria.

Earned value. The earned value concept originated in industry and was developed primarily by the
Department of Defense (DOD) as a management tool for use on defense acquisition contracts. Earned valueis a
metric devised to achieve meaningful comparisons between planned and completed work. It is similar to what

accountants call a"flexible budget,” where the original budget for work is adjusted for the actual level of output.



Cost variances result when the actual cost of the work and its flexible budget (earned value) differ. Significant
variances are analyzed to identify and correct problems before they worsen.

A magjor difference between a flexible budget and earned value is the time dimension associated with
earned value. Initially, the work on a project is divided into pieces, assigned a budget, and assigned a schedule.
Because each increment of work is time-phased, a "schedule variance" is determined if work is completed
("earned") at a different time than when it was planned to be completed. Because the work has a budget, the
schedule variance is often reported as a dollar amount. The flexible budget used in cost accounting does not provide
any information about schedule variances. Like the cost variances, significant schedule variances are analyzed and
corrected when possible.

When variance analysis is conducted properly (e.g., on time, and at the proper level), it can be an effective
control against further cost and schedule problems that may jeopardize the successful completion of a project.
Unfortunately, variance analysis can be untimely or excessive and even contribute to project failure by drawing
project managers, engineers, and others away from more urgent problems.

EVMS criteria. A key to the effective use of earned value is an adequate management control system that
fosters the proper planning and integration of work on a project. Earned value management systems (EVMS) criteria
define the attributes that management control systems must possess for earned value to be used effectively.
Originaly, the criteria were established by the Air Force as " Cost/Schedule Planning and Control Specification”
(C/SPEC) for application on major defense acquisition contracts. Later the criteria were adopted by all the military
services as "Cost/Schedule Control Systems Criteria" (C/SCSC). Recently, the criteria have been dightly revised
and renamed "Earned Vaue Management Control Systems Criterid’ (DOD 1996). Despite the multiple names, the
criteria have not changed significantly since their inception.

Presently, there are 32 EVMS criteria that are organized into five categories that pertain to major project
management activities: (1) organization, (2) planning and budgeting, (3) accounting, (4) analysis, and (5) revisions.
Each criterion addresses a major principle necessary for effective management of large, flexibly priced defense
projects. For example, one criterion requires that each element of work on the project has a budget. Another criterion
requires that each element of work has a schedule. Without a budget and a schedule, it would be difficult to properly

manage a project of any size, much less amajor defense project that can cost over abillion dollars and last for many



years. Thus, criteria are often described as "common sense" management practices that any well-managed defense
contractor would use.

Over the years, however, implementing the criteria became an administrative burden that was eventually
viewed as a non-value added activity by contractors and program managers (GAO 1997). Like many government
documents, the DOD's Joint Implementation Guide (JIG) which described how to implement the criteria, grew in
size and complexity (DOD 1987). Its checklist of 158 questions (Appendix E of the JIG) was often perceived as a
contractual reguirement and administered with audit-like rigor by the review teams. Additionally, earned value data
was mistakenly judged "guilty by association™ and occasionally ignored by project managers who may have
benefited from it. According to Abba (1995) for example, large cost overruns on some major defense projects were
foreseeable from contractor earned value reports but not recognized by program managers.

There are several factors that contributed to the implementation problem (e.g., alack of industry ownership,
inadequate training, and an awkward technical jargon). A major factor was afailurein the early years to make the
earned value process the responsibility of program managers and contractors. Based on atwo-year review of the
DOD's earned value management process, the GAO (1997) concluded that while the process was intended to serve
the needs of several user groups, financial personnel managed the process. It was natura for this group to focus on
their oversight responsibilities and stress criteria compliance. But it was also natural for other user groups, including
the program managers, to perceive earned value as a purely financia reporting requirement. According to the DOD,
"the needs of the program manager were often not met when EVMS were viewed primarily as afinancia reporting
system.” (GAO, 1997, p. 29)

Through the years, the criteriaimplementation problem has prompted studies that addressed either the
benefits or the costs of the earned value management process. In general, studies that focussed on benefits concluded
that earned value and the criteria concept were sound, while those which focused on cost reported the cost of
compliance to be relatively small, ranging from less than oneto five percent of contract cost. | found no study that
directly compared benefits with costs, possibly because the benefits are largely non-quantifiable. Clearly, any study
that focuses on only one side of a cost-benefit issue may be misleading.

Regardless of the focus, nearly all of the studies are not published, thus contributing to the difficulty of

comparing costs with benefits. My purposeis to remedy this problem by providing a summary of al | have found. |



have compiled and reviewed most of the cost and benefit studies related to earned value. Section 11 summarizes the
cost studies. Section 111 summarizes the benefit studies. Section |11 presents a conceptual framework for comparing

the costs and benefits of the EVM process.

Il.THE COSTSOF THE EVM PROCESS
Most of the cost studies | review appropriately focus on the incremental cost of EVMS compliance and
reporting. The "normal™ costs of operating a management control system are not considered relevant because they
would be incurred in the absence of any requirement for an earned value management system (DOD 1987, p. viii).

Coopers & Lybrand/TASC (1994). The most recent study of this kind, "The DOD Regulatory Cost

Premium: A Quantitative Assessment,” was conducted jointly by Coopers & Lybrand and TASC (C&L/TASC)
under the auspices of the Under Secretary of Defense for Acquisition and Technology. Its purpose was to estimate
the industry cost of DOD regulation and oversight, including the regulatory requirement for EVMS. It did not
include the DOD's direct oversight costs (e.g., government auditors). Based on an analysis of ten contractor
facilities, activity-based-costing was used to report an average regulatory cost premium of 18 percent of "value
added costs'.> The cost of EVMS ranked third among the top ten cost drivers, and was estimated to be about 0.9
percent of the value added costs. For example, in a graph depicting value added costs, C&L/TASC indicate that
material purchases are about 40 percent of the cost of a contract (p. 4a).> Thus, on a$100M contract, $60M (60%)
would be value added, $10.8M (18% of $60M) would be the regulatory premium, and $0.54M (0.9% of $60M)
would be the regulatory cost of EVMS to industry.

Most of the EVMS costs were in the areas of engineering/program management (65%) and finance (25%).
Program managers are responsible for the entire management control system. Engineers are typically responsible for
variance analysis and reporting. Finance personnel are typically required to ensure compliance with the EVMS

criteria. A DOD working group that investigated these costs reported that most of them (2/3 to 3/4) were

! value added costs are the costs to convert raw material to afinished product. Total costs were not used as the base
to determine the regulatory premium because a prime contractor's material purchases are "to alarge great extent the
value added costs of its subcontractors and suppliers.” Using total costsin the denominator would double-count
material costs and understate the regulatory cost impact (Coopers & Lybrand and TASC 1997, p. 4).

2 C&L/TASC did not indicate that 40% was based on the actual cost data from the sample. It may simply be an
example used to explain the meaning of value added costs.



unnecessary and not required by the criteria (DOD 1997, pp. 8-9). An example is preparing written variance reports
at detailed levels in the work breakdown structure, termed "control accounts.” Although the criteria do not require a
written variance analysis for each control account, government review teams came to expect them as tangible
evidence of criteria compliance. Contractors with written variance reports were more likely to be found compliant
than contractors without written variance reports. Eventually, a written variance report for every control account
became an "unwritten rule."” Other examples of non-value added activities that came be to expected for criteria
compliance are provided by Abba (1997, p. 3).

Clearly, the 0.9% EVMS cost premium is only arough estimate. The cost premium would be greater if the
direct government costs were included. The premium would be smaller if the activities not required by the criteria
were eliminated. In addition, C& L/TASC warn against generalizing the results of their study (p. 3). The sample was
nonrandom and only two of the ten sites had contracts subject to EVMS criteria. Further, the results cannot be
independently verified because the data are proprietary. In general, C& L/TASC concluded that the contractors
viewed EVMS positively, but it was costly to implement:

All contractors subject to C/SCSC [EVMScriteria] agree that, as currently required by DOD,

cost/schedule reporting istoo detailed, repetitive, and voluminous to be used effectively as a management

tool by either the government of industry, and that the requirement may in fact undermine program

performance by diverting the time and attention of the company program manger (p. 22).

Other cost studies. Lampkin (1992) reviewed five studies that estimate the marginal cost of implementing
and maintaining a criteria-complaint EVMS (Table 1).% The cost range is expressed as a percentage of contract cost.
The first three estimates are based on opinion surveys of industry or DOD experts. The MITRE estimate pertains to
Air Force software development contracts only. Decision Planning Corporation uses a cost-estimating model that
assumes a generic, 3-year R&D contract of $75M. Humphreys and Associates distinguish between non-recurring
and recurring costs. Non-recurring costs pertain to implementing a criteria-compliant system for the first time, and
range from 2.5 to 4.0%. Recurring costs pertain to maintaining criteria-compliance, and range from 0.5 to 1.5%. The

final row in the table is an average of these estimates, also reported by Lampkin (p. 37).*

3 Unfortunately, we could not locate most of these studies to evaluate the methodology .

* C&L/TASC used value added costs to determine the 0.9% cost premium of EVMS. If the percentagesin Table 1
were also based on value added cost, they would be larger. For example, if the average value added cost is 60% of
contract cost, the range reported by Lampkin would be 0.67% to 2.71%.



TABLE1

THE MARGINAL COST OF EVM S CRITERIA (Percent of Contract Cost)

Author (year) Sour ce of estimate Cost Range
Kouts (1978) Survey of industry 0.5t05%
MITRE Corp. (1982) Survey of industry 0.1t00.2%
DOD IG (1984) Survey of DOD experts 5.0%
Decision Planning Corp. (1992) Industry cost estimating model 0.6t01.0%
Humphreys and Associates (c1992) | Consultant experience 0.5t04.0%
Lampkin (1992) Average of five studies above 0.4t0 1.63 %

Unnecessary cost drivers. Asindicated in Table 2, survey and interview research indicate that at least some

of the cost of EVMS is unnecessary and due to an over-implementation of the criteria. Examples include lengthy
"system descriptions’ of EVMS, written variance analysis at the control account level, and over-specified work
breakdown structures. The National Security Industrial Association (1980, p. 17) estimated the number of pages
required to achieve and maintain criteria-compliance for the industry to be 32.8 million pages annually. Based on a
survey and interviews, Arthur D. Little (1983,1984) concluded that EVM S was a good approach to controlling

contract performance, but there was "room for improvement™ (p. 1-3).

TABLE 2

OTHER STUDIESRELATED TO THE COST OF EVMS

Author (year) Research Method (sample size) Cost drivers related to over-implementation
NSIA (1980) Opinion survey (74 contractors) | Excessive documentation
A.D. Little (1984) | Interview (56 managers) Excessive levelsif detail in the WBS
DOD/NSIA (1991) | Interview (250 managers) Written variance analysis reports

Prompted by this conclusion, the DOD and NSIA formed atotal quality management team to review
EVMSin 1989. One of its purposes was to determine where there may be excessive cost and to what extent the cost
could be reduced. The team concluded that there are excesses in EVM S implementation and reporting which result

in unnecessary cost (p. 3.9.7).



EVMS Reforms and cost reduction. The sensational cancellation of the Navy's A-12 program (Beach 1990)

and a subsequent DOD Audit report (1993) were additional catalysts for reform. To promote a program management
orientation, the DOD policy-making body for EVM S was shifted to an executive steering group with representatives
from the services, acquisition executives, and Defense Contract Management Command (DCMC) in 1995.> To re-
focus program management attention to the information in earned value reports, compliance responsibility was
transferred from the military servicesto DCMC in 1996. Finally, the DOD criteria used since 1967 were replaced
with industry standardsin 1996, and the possibility for industry self-certification was offered (Christle 1994).
Removing unnecessary requirements related to EVMS will likely reduce but not eliminate the marginal
cost. The NSIA estimated industry-wide savings from reforming EVMS could reach over one billion dollars
annually (Christle 1996). A DOD waorking group estimates the EVMS regulatory premium can be reduced by one
third or 0.3 percent of value added costs (DOD 1997). Thus, two-thirds of the EVMS regulatory premium or 0.6

percent will remain.

SECTION I1l. THE BENEFITSOF THE EVM PROCESS
None of the marginal cost studies describes the margina benefits of EVMS, perhaps because the benefits
are difficult to quantify. Accordingly, most benefit studies | review are qualitative assessments. However, to the
extent that the criteria help a company use or continue to use the management principles required by the criteria, |
believe the marginal benefits of the criteria are greater than zero.

The legacy of EVMS (Fleming and Koppelman 1996). The full application of the criteriais appropriate for

large, cost-reimbursable contracts where the government bears the cost risk. For such contracts, the management
discipline described by the criteriais essential. Table 3 is an abbreviated list of EVMS benefits, described by
Fleming and Koppelman as the "legacy” of using the criteria on government contracts for three decades (p. 22).
Note that they do not separate the benefits of earned value data from the benefits of the criteria, perhaps because the

reliability of data depends on the disciplined application of the management practices described by the criteria.

® As the government's on-site representative at the contractor's facility, DCMC provides the DOD with assessments
of the contractor's performance.



TABLE 3

TEN BENEFITSOF EVMS

1. A single management control system providing reliable data

2. Theintegration of work, schedule, and cost using a Work Breakdown Structure
3. A database of completed projects useful for comparative analysis

4. The cumulative Cost Performance Index as an early warning signa

5. The Schedule Performance Index as an early warning signa

6. The Cost Performance Index as a predictor for the final cost of the project

7. An index-based method to forecast the final cost of the project

8. The To-complete performance index to evaluate the forecasted final cost

9. The periodic (e.g., weekly or monthly) Cost Performance Index as a benchmark
10. The management by exception principle can reduce information overload

Benefit 1. Although the criteria do not require an external report, managing with one system while reporting
from another is neither efficient nor effective. The criteria concept encourages the company to use its own internal
management control systems, provided those systems meet the management standards described by the criteria

Benefit 2. The criteriarequire that al the authorized work and related resources are defined and integrated using
a product-oriented work breakdown structure. For a company that has managed by functional areas only (e.g.,
engineering, manufacturing, accounting), the product orientation can help organize and coordinate the contributions
of each area, and ensure that work, schedule, and cost are properly integrated.

Benefit 3. The consistent reporting of criteria-compliant projects for over 30 years has resulted in a database
useful for comparative analysis. Analysts have used this database to create important insights for managers. For
example, a comparative analysis of the cost performance of similar aircraft was compelling evidence that the Navy's
A-12 project was out-of-control (Beach 1990).

Benefit 4. The cumulative cost performance index (CPl), defined as the earned value to-date divided by the cost
to-date, has been shown to stabilize to within +10 percent by the 20 percent completion point for most defense
acquisition contracts. In most cases the cumulative CPI only worsens (Christensen and Heise, 1993). Among other
things, this indicates that cost management must occur early to be effective.

Benefit 5. The schedule performance index (SPI), defined as earned value divided by planned value, is useful
for identifying schedule problems, especially when used with critical path information (Fleming and Koppelman (p.

5). Because schedule problems are often resolved by additional spending, an adverse SPI is also predictive of later
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cost problems. The criteria recommend that all the work is scheduled and traceable from the master program level to
the detailed levels. Consistent with the criteria concept, no specific scheduling system is required.

Benefit 6. The cumulative CPI is aso useful for determining a reasonable lower limit for the estimated final cost
of acontract, termed the "Estimate At Completion” (Christensen 1996). A lower bound is useful for planning and
control purposes. The criteria recommend that the estimate be evaluated regularly.

Benefit 7. It has been shown that the SPI and CPI can be combined to estimate a reliable upper bound to the
EAC (Christensen 1996). When combined with the CPI-based lower bound, a"most likely" range of EACsis
determined. When the contractor's EAC is outside this range, there may be a problem with the contractor's
estimation system.

Benefit 8. Another earned value index, the To-complete Performance Index (TCP), is useful for evaluating the
reasonableness of the contractor's EAC or other financia goals (Christensen, 1994). The TCPI istheratio of the
remaining work to the remaining financial resources. It indicates the level of performance that the contractor must
achieve to reach afinancial goal. Thus, this earned value metric can help the manager assess the reasonableness of
critical financia goals, such as completing the remaining work within the targeted cost.

Benefit 9. While cumulative performance indices are useful for predicting trends at summary levelsin the WBS,
weekly or monthly CPIs are useful for cost performance trends at the detailed levels of the WBS (Fleming and
Koppelman, p. 28). The criteriarecommend an analysis of these and all other metrics at the frequency and level
needed by management for effective control (DOD 1996).

Benefit 10. By directing management attention to only the most critical problems, information overload can be
reduced. Although not always implemented properly, the criteria encourage variance thresholds and tailoring to
reduce the potential for overload.

Other benefit studies. Survey research shows that most managers agree that EVMS has benefits (NSIA 1980,

Little 1983 and 1984, DOD/NSIA 1991). Based on a survey of 534 managers, for example, over 70 percent agree
that "amajor benefit of the criteriais more thorough planning than would otherwise be accomplished,” and that
EVMS is "effective in helping managers control contract performance” (Little 1983, p. 111-3). Government audits of

the EVMS process have not challenged this perception (DOD 1993, GAO 1997). For example, the GAO (1997)
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reports that the earned value concept is "recognized as a sound way to measure progress on major acquisition

programs’ (p. 3).

SECTION IV. SYNTHESIS

Figure 1 identifies qualitative characteristics that a report should possess to be useful for decision making.®
| believe it isauseful conceptual framework for comparing the costs and benefits of EVMS. The output of the
EVMS processis the earned value report. To be useful for decision making, the report should have relevance and

reliability.

Decision Usefulness

Relevance « »  Reliability
! ! | |
Predictive  Feedback Timely Verifiable Valid Objective
Value Value
EAC Variance Real-time Access Samedatabase bias-free
Analysis
Benefitsof EVMS Costs of EVMS
derived by incurred by
Program Managers and others Oversight-community

Figure 1. The Costs and Benefits of EVM S.

To be relevant, the report should have predictive value, feedback value, and be timely. Many of the
marginal benefits of EVMS pertain to these characteristics. The benefit studies indicate that managers and oversight

personnel find the EAC and the variance information useful, if not timely. Surveys indicate some dissatisfaction

® We have adapted this from a conceptual framework used by the Financial Accounting Standards Board (1980).
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with the report being too late (DOD/NSIA, 1991); however, recent improvements in computer technology and
software have made real-time access to contractor databases achievable (GAO 1997).

To bereliable, the report should be verifiable, valid, and objective. Oversight personnel are primarily
concerned with reliability. The marginal costs of EVMS arise primarily from the need for reliability. The
government needs access to contractor data to verify its accuracy. The government also needs assurance that the
contractor is reporting and managing from the same database. Finally, because the criteria are applied primarily to
cost-reimbursabl e contracts, the cost data must be objective.

Achieving these qualitative characteristics is not easy. The double-headed arrow between relevance and reliability
suggests atrade-off. A report may not be timely, for example, if every number must be verified. The GAO (1997)
observed that a delicate balance exists between managers (needing relevance) and the oversight community (needing
reliability), and concluded that because the oversight community managed the EVMS process, the need for
reliability was stressed over the need for relevance.

However, EVMS reforms have restored the balance. The marginal cost of EVMS has decreased, while the
marginal benefits have increased. As the unnecessary activities related to implementing the criteria (e.g., written
variance reporting) are eliminated, the DOD estimated a 1/3 reduction in the EVMS cost premium. With the shift in
ownership and management responsihilities to program managers, the value of the earned value reports should be
easier for program managers to recognize (Abba 1997).

Ultimately, the decision of whether the marginal benefits of EVM S exceed the marginal cost is subjective.
Perhaps the most compelling evidence of that benefits exceed the costs is the astonishing increase of earned value
outside the DOD by other agencies, commercial companies, and other countries (Abba 1997, GAO 1997). After
decades of assertions that EVMS is too expensive and only appropriate for DOD projects, earned value is
recognized more than ever as a necessary and effective management tool for projects of any size and risk. Thekey is

the proper application of the EVM S (Fleming and Koppelman, 1996).
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