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ABSTRACT

Cost-Benefits Analysis (CBA) is the process of using thedatg, and
models to examine products, tradeoffs, and activities for asses$ing
evant objectives and alternative solutions (Womer, Bougnol, Dula, &
Retzlaff-Roberts, 2006) in order to assist decision-makers in clgosin
the most appropriate alternative. This paper explores how CBA may
best be used, focusing on the effectiveness of CBA during the earl
phase of a program life-cycle in ensuring that thereviatde alterna-

tives in making investment decisions. It addresses program im-
portance, cost estimation, and the decision-making process in order to
understand the overall effectiveness and efficiency of CBA in rgakin
key investment decisions and enforcing accountability among program
managers. It also examines the measures and the methodologg used t
develop a CBA, addresses the accuracy and reliability of CBA, and
identifies techniques available to support decision-making in thg earl
phase of a program’s life-cycle. It also notes, however, thatubeca
not all costs and benefits can be quantified, measures other than CBA
should be considered in making investment decisions.

INTRODUCTION

Cost-Benefits Analysis (CBA) grew out of the research prograf the RAND
Corporation and similar organizations in the field of defense rdséarthe period
shortly after World War Il (Casebeer, Raichle, Kristofco, & Carillo, 199§ Use of
CBA is required by law and regulation throughout the federal govarhior decid-
ing among alternative policies and programs (Womer, Bougnol, BuRetzlaff-
Roberts, 2006). CBA is a mathematical tool used by decision-mikeetermine if
the perceived program benefits outweigh expected costs (Makowskyaéner,
2009). Nonetheless, the use of CBA is controversial. Makowsky and W&§E£)
noted that analysts have deep practical concerns about usingrCéaling with
discount rates, opportunity costs, prices, distributional weights, and evalutoia.cr
Some critics even argue that CBA is not effective and therefore should not be used.

One of the key problems with CBA is that it is prone to misuset@naisunder-
standing, particularly regarding the intent for which a CBA is ubed.example, a
CBA cannot stand alone in the decision-making process. It cannotechahgy and
it is not intended to act as a political enforcer. Howeveaiit support investment de-
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cisions in response to changing demands. Specifically, a CBAseisean inde-
pendent study that compares the costs and benefits of two owialoleeand mutual-
ly exclusive alternatives (not including the status quo) in ordenake an effective
decision on a preferred alternative.

Many studies argue that CBA is ineffective and often inappr@pirathe areas of
safety, health, and environmental regulations (Kornhauser, 2000). IndeedC&#n
factors cannot be accurately measured or quantified. However,iBét intended
for all quantifiable purposes, and other measures besides CBA shouleldbt® $sip-
port investment decisions in these areas.

This literature review examines scholarly articles, books, and sthueces perti-
nent to CBA. It provides descriptions, concepts, and an evaluation oSeawte so
that the reader may gain a better understanding of the theory that sugpresfer-
tiveness, the circumstances under which a CBA is effective,ushdhgw it supports
the making of investment decisions. It evaluates what should be testimwad the
methodologies used to quantify the cost of benefits. This papediatsesses the ac-
curacy and reliability of CBA and what techniques are availbkipport decision-
making in the early phase of a program life-cycle. In essfaiblg a perspective on the
misunderstanding and misuse of CBAs, it addresses in particulas spelicy im-
portance, cost estimation, and decision-making. This paper is intemaedttibute
to overall effectiveness in making key investment decisions using a CBA.

Opposing Viewpoints

In recent years, many analysts suggested that CBA was fleer@demethodolo-
gy for evaluating the economic factors associated with regntaand investment de-
cisions (GAO, 2009). Even so, critics such as Kornhauser (2000) anoyGilB92)
argued that a CBA does not identify proposed measures of benefitsfoharms as
death or accidents. Kornhauser’s (2000) article describes algiesitCBA, discuss-
es the justification for CBA from a legal, economic, and philosoplpeespective,
and focuses particularly on a CBA framework that relies ontipesscand not theory.
For example, Kornhauser (2000) argues that CBA does not quantifghifesnvi-
ronment, or any other rare products or services. Kornhauser (2000) ndtédildra
and Posner (1999) had adopted a similar approach in which they distinguish CBA as a
moral criterion versus a decision-making process. From this argukemthauser
(2000) raised two concerns: that CBA inappropriately generatesagss for prod-
ucts and services, and that it produces inconsistent valuations of life.

Other authors rejected CBAs because of their level of tamogr surrounding the
accuracy and reliability of the analysis. For instance, Kornhg@860) showed that
critics such as Anderson (1993) and Graham and Vaupel (1981) arguedBiha
should provide cost data on economic policy, value, or risk but not lifee Buglors
believe that the CBA cannot handle complex investment decisions. Hovgeer
ernment agencieare complex institutions where many decisions are based on the re-
sults of a CBA. For example, the Department of Defense con$ystievielops CBAs
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as a framework to set forth objectives and fundamental tradeaifsessing alterna-
tive solutions for economic risks, values, and moral conditions.

Kornhauser (2000) argues that it is inappropriate to consider thiesrefa CBA
to be a moral criterion. For example, if the risk of death is tiondil, based on med-
ical treatment reducing the probability of death .001, and if thetatprides to pay
$1,200,000 for treatment, then the willingness to pay produces a value tof lif
$1,200,000 (Kornhauser, 2000). Furthermore, if the agent decides not to pay for
treatment, then the value of life should not be quantified. Accordingptohauser
(2000), death has no measurable value — no amount of money that one can tvansf
the agent after death will restore the pre-loss level of meGBA, then, should not
be used to calculate death. There are others means of deriving the value of life.

Pursuing Programs and Policies

Although the critics’ arguments are reasonable, they do not takedotmnt that
the federal government often requires that an independent CBA be cahduietn
key decisions affecting the public interest must be made. Tdhessions may be
based on changes in regulations on the environment, health, education, andfsafet
this nation. For example, consider the economic value of some govenmrograms,
such as increasing the level of education or decreasing envirohmeguéations,
even when precise values cannot be fully captured by referencmgtrbahaviors or
opinion polls (Hammitt & Treich, 2007). Instead, these values ammasiil through
CBA and other feasibility studies. Hammitt and Treich (2007) notddsthee these
studies need to consider the full scope of governmental prograndemtorbe holis-
tic, it is vital that some consideration be given to the moralitthe expected out-
comes: ethical decisions or actions made by decision-makers. &kpseted out-
comes can affect which viable alternative the decision-makaysamoose in these
public decisions. CBA will have significant validity both becauss mandated by
law, and because it is tested for accuracy and creditathfitygh-out the CBA pro-
cess.

Today, CBA is used to report to Congress, the Office of IJament and Budget
(OMB), and the Office of Information and Regulatory Affairsomer to inform in-
vestment decisions that are economically significant. Althoughnibt always possi-
ble to quantify and convert to a dollar figure the costs and beas§txiated with in-
itiatives, even using techniques such as willingness to pay, dBArsvides an ef-
fective means of making investment decisions.

INWHAT WAY CBA ISEFFECTIVE

The great effectiveness of CBA lies in its ability to provigereased understand-
ing of the consequences of proposed public programs (Ergas, 2009). CBAanust
understood as one means to aid decision-makers in making the besinddoisthe
public good (Ergas, 2009). The value of CBA will vary with the impa#anf man-
dates, policies, and regulations. For example, CBA offers a stalbeshed and test-
ed approach, supported by substantial research, for identifying apdsig the
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physical impacts of different investment options, in addition to esitnq their eco-
nomic value. This approach has been used to develop cost estimakesrfarst crit-
ical decisions this nation faces. These decisions are used toldtensocial policy
and budget appropriations for such programs as the War on $erydiiealthcare
Reform, the Renewal Energy Act, the Race to the Top edudaiiative, and the
American Recovery and Reinvestment Act. A CBA can enableidegisakers to
make prioritized decisions about these programs. It provides a compvehaas of

the programs’ costs and benefits, as well as other econonocsfaicat are critical to
the budget process. Most importantly, a CBA is measurable (Ergas, 2009).

CBA provides information on monetary intensity as well as on individualls
ingness to make the types of trade-offs implicit in many saor@stment decisions.
According to Makowsky and Wagner (2009), this type of trade-off ofteslves ex-
changing money for social outcomes rather than for other goodseandes. Chan
(2004) pointed out that monetary results provided by CBA can be expected-t
tribute to the importance of public affairs by enabling betterstmts. Monetary in-
formation provided by CBA constitutes a highly useful input into thega®of bal-
ancing or trading-off among different types of objectives (Chan, 26@4)example,
whenever there are program alternatives for investment degig@€BA increases
the rationality of the decision-making process by providing batfermation con-
cerning the consequences of these alternative choices (Chan, 20804pré&tof any
CBA is the actual measurement of the benefits and the cdse¢ @fiternatives being
analyzed. Therefore, it is necessary to identify what is tméasured, the tools that
will be used to measure it, and techniques that will be used to quantify the data.

CBA Toolsand Techniques

CBA employs several tools for addressing uncertain outcomegadunek, includ-
ing sensitivity, probability, and break-even analysis (Makowsky &gwér, 2009).
Before government decision-makers decide upon a suitable CBfodthér combi-
nation of methods) for estimating the cost of social investmensidasj they must
understand the context of the program (Joshi & Pant, 2008). The four coyrused|
methods for calculating CBA are the Engineering Estimate,ni&dre Modeling,
Analogy Estimating, and Delphi Method. However, in an engineering amaent,
only two of those are typically used — Parametric Modelingeargineering Estimate.
These two methods share a similar approach, are often used in tamdeane com-
monly used for government estimating. In fact, the governmentiesitan paramet-
ric best practices strongly affects the commercial and in-house fecamedels.

Engineering Estimate

The engineering estimate is the traditional method of develamsgestimates.
This method uses a bottom-up approach that calculates cost andshenidig lowest
level of detail. This approach separates total products and semiceindividual
components so that each unit is separate and distinct. The unit ceattiopart in an
engineering architecture is computed in order to arrive abbrt@terial cost. A simi-
lar method is used for labor and other cost elements. For example, sapfeateral
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agency wanted to build a $500 million secure, high-bandwidth wirelessrékinfc-
ture in response to changes in its mission needs. To develop thencbbnafits for
this investment, a program life-cycle cost is developed using a work breakaoem st
ture (WBS) to capture the scope and account for all cost aesiviiach unit cost
from the engineering architecture and from the resource plaapped to an activity
in the WBS to develop the sum of all cost values. The costs and bearefitalculat-
ed to determine the Net Present Value (NPV) of the investm&\t. ddnverts costs
and benefits that occur over the program life-cycle to currest yalues. Upon com-
pletion of the bottom-up cost estimate, the values are used during gdrppesara-
tion and, subsequently, for making an investment decision.

Using the engineering estimating method has advantages and disgdsafiae
advantage is that it provides a detailed basis for cost estgnditican also be useful
for tracking costs, since separate estimates are computeddomctivity during each
phase of the life-cycle. The life-cycle cost ranges frongiaznm conception to end-of-
life and includes planning, design, development, testing, implementatidmainte-
nance costs. Engineering estimating considers government labogotorsty hard-
ware and software, infrastructure, security, and other direcindiréct costs associ-
ated with the program. Data are gathered through interviews, schautoiest plans,
and existing budgets. Costs are usually identified from informgtionided by the
sponsor and are often supplemented by assumptions made by the pregnaa &
Napier, 2010). Consequently, an advantage of a CBA’s bottom-up esisniuat
both costs and benefits are in the same units of estimation asmedtts (benefits
minus costs). This method is straightforward (Li & Napier, 20Hdwever, using
this simple method in CBA produces a point estimate with no consarerd varia-
tion of costs or even ranges around the point estimate (Li & Napier, 2010).

Parametric Modeling

Parametric modeling is a top-down costing approach that usessicthtelation-
ships relying on historical data. Here, the “estimate is aeti®ased on experience,
using findings from past products and estimating the expected (dést/nes et al.,
2008, p. 102). Parametric estimates are produced using mathemaatanships
between a cost driver (independent variable) and the program costdeepearia-
ble), based on several historical programs. By and large, comhestimating tools
are parametric estimates, but a parametric model can apgodigced in-house if his-
torical information is available for several programs. Regoasanalysis is used in
building a parametric model that looks for significant cost-estmgaelationships.
Many parametric models also generate insight into the umdetaand risks associ-
ated with program costs and schedules. This is critical, gheeenormous complexi-
ty of many modern programs. Uncertainties and risks may caof®ipd changes. A
model that deals with uncertainty and risk will provide a rangmatg (a probability
distribution) that gives some idea of the possible array of costheedule outcomes
and the relative likelihood of particular outcomes identified as.rkRkage estimates
describe all risks that can impact the achievement of projeeteefits or the cost of
solving the most complex business problem. In parametric cost mgdeach risk
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has an associated mitigation strategy and an assessméwlibbdd of occurrence
(Serpell, 2004).

Risk evaluation is a deliberate, systematic “process aimigkkmatifying program
risks and developing strategies to either reduce them or taket@psid them alto-
gether” (Abi-Karam, 2006, p. 45). The most common approach to accounk®oirris
cost estimation is to include a fixed contingency to the cost &tifhi & Napier,
2010). For example, if the estimate for a program is $20 billiontrenfederal gov-
ernment has a policy of adding 10% contingency for this type of prognaniingal
cost estimate for the program will be $22 billion (Li & Napiz010). Advantages of
parametric models include being dynamic and easy to use, wattddtailed infor-
mation. On the other hand, commercial products might be chosen basedexhihm
sight into the underlying model and inherent mathematical ediook. Without
proper calibration and crosschecks of the cost models’ outputs, thestimsator
lacks responsibility for the estimates produced. According to LiNaguier (2010),
CBA must address estimating methods, relationships, and data sourcesngigiai-se
ty, risk, and uncertainty of key cost drivers and assumptions; andsaddrguantifi-
able benefits as well as any non-quantifiable benefits inflognitie recommended
course of action. They also argued that errors in estimades dn early life-cycle
phase will improve over time as information becomes readily available.

Accuracy and Reliability

The most significant factor influencing cost estimates mu@cy in the early
phase of the program life-cycle. With a weighted average afyné@ percent, this
low accuracy rate has a large part to do with the amount ofmatamn available
about the program during the early phase of the program life-¢§iraci & Polat,
2009). Accuracy is defined “as nearness to truth” (Serpell, 2004, p. 19@biRy
as a measurement, on the other hand, refers to knowing how well andectlysike
measuring instrument measures the true value of the chasticté3erpell, 2004). As
cited by Flyvbjerg, Skamris Holm, and Buhl (2005), studies report “uracy in
cost estimation from 20.4% to 44.7% depending on the type of [prograng’ Nla-
pier, 2010, p. 95).

Similarly, as cited by Bruzelius, Flyvbjerg, and Rothenga2662), it has been
“reported that overruns of 50% t0100% in fixed prices are common doiatinfra-
structure [programs], and overruns above 100% are ‘not uncommon’, withatire-m
tude of cost overrun unchanged over the past 70 years” (Li & Napier, 2010, p.
Serpell (2004) points out that conceptual cost estimates amlciitputs for deci-
sion-making in the early phase of a program. Serpell (2004) adsitbesproblem of
quality of conceptual estimating. He proposes a model based om@Xstwledge
that can be used to develop an assessment system for costi@st{®erpell, 2004).
Nonetheless, detailed information is required for costing, and itbaagifficult to
predict the accuracy and reliability in certain circumstanespecially during the ear-
ly phases of the life cycle when detailed information is often unavailable.
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Programs may consider a way to measure accuracy andlitgliaking statistical
analysis to determine the sampling errors and confidence irgerfzal CBA. For ex-
ample, a quality model that is used to obtain an appropriate irssasament of the
expected accuracy and reliability of a cost estimate maydmrthe true value indi-
cators and predictors that compute preciseness of the estinzattidtrers may also
focus on aligning cost to strategy, capabilities, performance measure, aochesiin
order to help improve cost estimates’ accuracy and relialslégpell (2004) suggest-
ed that by using information from a cost estimate, a qualitaausal model can be
constructed as a means to assess accuracy and reliabilitpss@sSment process is
designed to evaluate the quality of an estimate by providing a taisetireasoning
approach” to a cost model (Serpell, 2004, p. 157). The expected accurdty asid
sociated reliability enable decision-makers to analyze diftgpessible alternatives
(Serpell, 2004) while knowing the level of validity in the data. Thisrimiation helps
establish cost contingencies on a solid basis and helps manage intyceftaese
contingencies can be used in conjunction with the parametric modelrwst esti-
mation in order to further improve the accuracy of the analysis.

There are advantages and disadvantages to these statsithals that measure
accuracy and reliability. One advantage is that they tebe toore objective and as-
sign causals to cost elements. However, the process requirdisetititta be already
available, although, in practice, most organizations do not keep adegqtiatatiag
records on hand. Program resources such as analysts, programmdis pavjdct
support can apply their expert knowledge and experience to esthreatedt of pro-
grams. They can assess the differences between past andfoggnans and are es-
pecially useful for new or unique programs for which no historical precedetg.exis

CBA DECISION-MAKING

Elected politicians, non-elected officials, and lobbyists forr@siegroups have
participated in the elevation of CBA, even though some have oppodédkibwsky
& Wagner, 2009). These decision-makers face difficult choices arrdeting how
best to allocate resources across defense programs, sogednpso and services
based on the outcomes of the CBA. Users can differ in what tkegeaking to ac-
complish with a CBA, and their participation does not imply supporalfahe uses
to which a CBA can be used. For instance, many analysts wergadvalthe gener-
ation of CBA who, nonetheless, objected to some features of it (Makofv¥Kag-
ner, 2009), including economic analysis, alternative analysis, and mukagiecost
estimates. However, CBA does provide useful information for tesisions by in-
dicating the extent to which the values that individuals place ogr@m outcomes
are likely to exceed program costs. Determining these valuealMiags been chal-
lenging. Despite these challenges, decision-makers with faofaahation from the
CBA must be convinced that this analysis is a positive, efflsctind descriptive ex-
ercise that supports the mission, strategies, and goals of the fedaral.age

Most social programs, on the other hand, lead to outcomes for whfelr nalue
exists, such as improved health, safety, or environmental qualitgathshese fair
values must be estimated from a moral and ethical point of view by asking indsvidual

7

© 2014 The MITRE Corporation. All rights reserved.



about their willingness to pay. “Maximization of the numbers of lisaged or the
maximization of quality adjusted life years (QALY), for examphtave been ... used
in some public policy decisions over CBA” (Kornhauser, 2000, p. 14). CBA-is
tended to help decision-makers to clarify areas of agreemertisegreement, sepa-
rating data from assumptions and allowing those who disagree to test the @faet
ternative analysis. CBA is a strategic management toolallaws decision-making
about the effectiveness and efficiency of an agency’s current and future plamasf ope
tions. For example, an agency in the process of making a majstrimes® decision
about an integrated solution that would prepare it for the 21st centwig Wy di-
rected by the federal government to complete a CBA to justéyinvestment deci-
sion. Upon completion of the CBA, the agency would use this study to qutnsif
costs and benefits, decide on a plan of action, and submit a requisidimg that
would support this decision. As can be seen in this example, CBA praviaey
sources of information to decision-makers and public administratdnglds public
administrators understand how to evaluate complex solutions, providetenogis
their analysis, and facilitate comparison across program altersaFrom a decision-
makers’ perspective, CBA provides benefits expressed in discountatsdobnstant
dollars, or economies of scale. These benefits are usually stagths of achieving
an agency’s mission, goals, or objectives.

There are many programs giving evidence of the effectiveness ofAa€Bhown
in this paper. An effective CBA encourages open inquiry and debatedretdeci-
sion-makers and public administrators. These public administra®reegponsible
for enacting most of the program changes. They are tasked etitbvang agency
missions and providing public service in political environments (DeFddesina,
2009). Undoubtedly, CBA provides the economic data to help produce bettdr inves
ment decisions that are debated between decision-makers and puofilicsadtors
(Niels & Van Dijk, 2000). It allows for program evaluation andstess to be learned
for future actions. For example, when decision-makers are settirgy,pfinding
programs, and enforcing priorities by enlarging the array ajrpro options and so-
lutions that are available in the policy process, CBA assists in understandragiihe
fications of these decisions through prior lessons learnedhém words, an effective
CBA is a viable tool for supporting decision-making about some of thenfamost
challenging issues, such as foreign policy, economics, the weer@mnism, health
care, energy, and education. CBA can be a force for increasednability and
transparency in the decision-making process. Among all its G&5's greatest ef-
fectiveness lies in its ability to provide increased understarafiige consequences
of proposed public policies.

CONCLUSION

The purpose of this paper was to identify the effectiveness af Wihin federal
government in order to ensure that there are viable alternativeaking investment
decisions. The critics who argue that CBA is incorrectly usedrgiyenisunder-
stand its role. It provides one critical input into the decision-ngagnocess. Another
group argues that the use of CBA is often inappropriate in the afeafety, health,
and environmental regulations. As indicated in this study, however, iGBAbeen
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shown to be the preferred methodology for evaluating the econonacdassociat-

ed with regulations and investment decisions. Practitioners of f©Bgovernment

agencies rely on the effectiveness of an estimate in the stages of the program
life-cycle to ensure that there are viable alternativesakimg investment decisions.
Therefore, it is important that each of the elements used kinghamportant deci-

sions, including CBA, all work effectively and efficiently togetls® that decision-
makers can make the most informed decisions.

The results of this study suggest that if a CBA is perforomtectly, public ad-
ministrators who are responsible for implementing programs mayest funding,
develop budgets, identify risks, and manage programs’ performancedraezival-
ues computed from the analysis. It is critical that public adim@tass remember that
a CBA done early in the program is more likely to be lessirate, simply because
needed data do not yet exist. For a CBA to be truly valuable fpoogram, it should
be updated periodically during the program’s life-cycle as amtditiinformation re-
garding the program implementation is realized. CBA furnishgguienformation
to the decision-makers to aid them in making effective investmendioles. None-
theless, it is not always possible to quantify and convert intasgibto costs and
benefits associated with these investment decisions. Therefaueg &tudies may
consider how to convert intangible costs and benefits, such as ssatsgabilities,
or performance measures into more defined tangible costs andibawoethat eco-
nomic estimates computing net present values are even moreta@uaeliable in
making sound investment decisions. This contribution will better JAN&E’s
federal government sponsors.
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