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Abstract
We continue to operate in a challenging acquisition environment, in which 
cost overruns make headlines and wreak havoc with contract 
management.  This session will present cost estimating and risk analysis 
as tools to aid in facing contract management challenges.  A brief depiction 
of historical data showing pervasive cost growth will be followed by a 
compilation of common reasons for cost growth.  FAR contract types will be 
discussed from a cost estimator’s perspective, as a means of establishing 
a mapping from final contract cost to final price to the government and an 
associated return on sales (ROS) for the contractor, and a convincing case 
made that incentives and risk are of vital importance across all contract 
types.  The role of cost estimating and risk analysis in proposal 
development, proposal evaluation, and contract negotiations will be 
highlighted.  Discussion of basis of estimate (BOE) documentation will 
include cost estimating methodologies and their proper application; the 
essential elements and qualities of a good BOE; and criteria and guidelines 
for grading BOEs.  This session is adapted from “Cost Estimating and Risk 
Analysis as Tools for Contract Management,” presented the past two years 
at the Government Contract Management Conference (GCMC), sponsored 
by sister society National Contract Management Association (NCMA).
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Risk Happens!
• …or Risk is a four-letter word
• (So is Cost…)
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• We won’t dwell on the calculations behind the graphs
– See or email me afterward if you’re interested (glutton for 

punishment!)
• Instead we’ll focus on general appreciation and visual 

intuition
– Color codes and other mnemonics should help (see next 

slide)
• There are three important graphical depictions:

– A Cost Estimate (probabilistic) = S-Curve or cumulative 
distribution

– A Contract (geometry) = Price and ROS as a function of 
Cost

– The “mash-up” of those two = S-Curves for Price and ROS

Buckle Your Seatbelts…

Warning: Math ahead!
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Rosetta Stone
• Generic mnemonic

– Red = bad (overrun, loss, risk)
– Green = good (underrun, profit, opportunity)

• Contract Type Risk “temperature” scale
– Firm Fixed Price (FFP) [FAR 16.202]
– Fixed-Price Incentive (FPI) [FAR 16.204]
– Cost Plus Incentive Fee (CPIF) [FAR 16.305]
– Cost Plus Fixed Fee (CPFF) [FAR 16.306]

• Pathological cases “temperature” scale
– Aggressive Cost Estimate (likely overrun)
– Understated Variability (likely overrun or underrun)
– Padded Cost Estimate (likely underrun)
– Base Case (“Goldilocks” = just right)

• Bottom-line items of interest
– Price = cost to the Government
– ROS = reward to the Contractor

With apologies to the color-blind….

Contractor
perspective

Contractor
perspective
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Outline

• Historical Cost Growth
– Risk Happens!

• Reasons for Cost Growth
– Why Does Risk Keep Happening?

• Contract Types
– What Happens When Risk Happens?

• Contract Incentives
– How to Keep Risk From Happening (Sort of…)

• Basis Of Estimate (BOE) Documentation
– How to Keep Risk From Happening (Really)

• Risk-Based Return On Sales (ROS)
– How to Integrate Cost, Risk, and Contracts
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Historical Cost Growth

• Risk Happens!
– Just read the Washington Post…

• Cost Realism and Risk
• Today’s Acquisition Environment
• Evidence of Understatement
• Aren’t We At the 50th Percentile?

Hinduism:  This Risk Happened Before
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Cost Realism
• What We Are Charged With
• “Cost realism analysis ... a review of the cost portion 

of an offeror’s proposals to determine if the overall 
costs proposed are realistic for the work to be 
performed, if the costs reflect an offeror’s
understanding of the requirements, or if the costs 
are consistent with the various elements of the 
technical proposal.”

• “The probable cost should reflect the SEB’s 
(selection evaluation board) best estimate of the 
cost of any contract which might result from that 
offeror’s proposal, including any recommended 
additions or reductions in personnel, equipment, or 
materials.”

• Emphases ours

Competitive Negotiation: The Source Selection Process, R.C. Nash, J. Cibinic, Jr., National Law Center, 
Government Contracts Program, The George Washington University, Washington, D.C., 1993.
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Today’s Acquisition Environment
• Cost growth has never been acceptable, but it has 

been tolerated
• Today’s political climate and economic conditions 

have made cost growth much more damaging than 
ever before
– It has become intolerable

• The Weapon Systems Acquisition Reform Act of 
2009 dictates that confidence levels be taken into 
account
– “(1) disclose in accordance with paragraph (2) the 

confidence level used in establishing a cost estimate for 
a major defense acquisition program or major automated 
information system program, the rationale for selecting 
such confidence level, and, if such confidence level is 
less than 80 percent, the justification for selecting a 
confidence level of less than 80 percent”

“Are We at the 50th Percentile Now and Can We Estimate to the 80th?” R.L. 
Coleman, P.J. Braxton, E.R. Druker, B.L. Cullis, C.M. Kanick, DoDCAS, 2010.
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Conflict or Compatibility?

“Air Force Cost Analysis in 2011,” Mr. Rich Hartley, Deputy Assistant Secretary of 
the Air Force (Cost and Economics), Aviation CIPT, Dayton, OH, 14 Sep 2011.
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Evidence of Understatement

“Are We at the 50th Percentile Now and Can We Estimate to the 80th?” R.L. 
Coleman, P.J. Braxton, E.R. Druker, B.L. Cullis, C.M. Kanick, DoDCAS, 2010.
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Aren’t We At the 50th Percentile?
• We claim our costs are realistic

– We claim we estimate costs at the 50th percentile
– This should mean we have 50% low and 50% high 

outcomes
• We have an unchanging cost growth pattern 

showing that about 12% of our estimates are 
high and 88% are low

• The conclusions are inescapable 
– Our costs are not realistic
– Our costs are at the 12th percentile, not the 50th 

percentile
– This understatement will affect our computation of 

all percentiles, making our assertion of the value of 
the 80th percentile necessarily suspect

“Are We at the 50th Percentile Now and Can We Estimate to the 80th?” R.L. 
Coleman, P.J. Braxton, E.R. Druker, B.L. Cullis, C.M. Kanick, DoDCAS, 2010.
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Reasons for Cost Growth

• Why Does Risk Keep Happening?
– Optimism and Uncertainty are facts of life

• Risk and Uncertainty
– A Cost Estimator’s View

• What Does a Cost Estimate Look Like?
– S-Curves and Shaping Forces

• What Can the Acquisition Community Do 
Better?

• What Can Cost Estimators Do Better?

Judaism:  Why Does This Risk Always Happen To Me?
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Risk and Uncertainty

• Precision vs. accuracy
– Precision = narrow range
– Accuracy = range centered on “right” answer

• Uncertainty vs. risk
– Uncertainty = range of possible outcomes

• Characterization of precision

– Risk = shift of range to account for lack of 
accuracy of unadjusted estimates

Tip:  We want estimates to be both precise and accurate, but 
imprecisely accurate is better than precisely inaccurate!

Warning: Uncertainty and 
risk are difficult but essential.

Correction 

of bias

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 2 Costing Techniques, © SCEA, 2010.
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S-Curves and Shaping Forces

“S-Curves and Risk,” R.L. Coleman, P.J. Braxton, E.R. Druker, Northrop 
Grumman Contracts, Pricing, and Supply Chain Conference, 2008.
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S-Curves and Shaping Forces

“S-Curves and Risk,” R.L. Coleman, P.J. Braxton, E.R. Druker, Northrop 
Grumman Contracts, Pricing, and Supply Chain Conference, 2008.
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What Can You Do Better?
• More Realistic Technical and Schedule Baselines
• More Realistic Budgets and Targets

– Don’t ask Industry to lie to you and then act surprised and offended 
when they do!

• Better BOE guidelines in RFPs (plus enforcement!)

• Many agencies, corporations, and offices seek solutions to cost 
growth

• These solutions take the form of:
– More attention to the basics of cost estimation, documentation, and 

BOEs
– More attention to risk analysis
– Calls for estimates and funding at higher percentiles
– Calls for bids to be:

• Submitted at higher percentiles 
• Structured for better protection of ROS at higher percentiles

“Are We at the 50th Percentile Now and Can We Estimate to the 80th?” R.L. 
Coleman, P.J. Braxton, E.R. Druker, B.L. Cullis, C.M. Kanick, DoDCAS, 2010.
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What Can We Do Better?
Area Source

Mean & 
50th Std Dev 80th

Cost

Errors Which Seem “Always To Understate” Under - Under

Lack Of Basis In Historical Data Under - Under

Omissions of Elements Under - Under

Systematic Understatement In Non-linear CERs Under - Under

Risk

Omission Of Risks And Elements Of Bias Under Under Under

Omission Of Elements Of Variability - Under Under

Inadequate Determination Of Cost Relationships - Over Over

Failure To Include Functional Correlation - Under Under

Errors Which Seem “Always To Understate” - Under Under

Omission Of Correlation Of Any Type - Under Under

Insufficient Data Causing Unrecognized Wide(r) 
Prediction Intervals

- Under Under

Systematic Understatement In Non-linear CERs - Under Under

“Are We at the 50th Percentile Now and Can We Estimate to the 80th?” R.L. 
Coleman, P.J. Braxton, E.R. Druker, B.L. Cullis, C.M. Kanick, DoDCAS, 2010.
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Contract Types

• What Happens When Risk Happens?
– And, as we’ve established, risk always happens!

• Contract Types Overview
• Contract Types Illustrated

– Have you ever graphed a contract before?!

• Contract Types Comparison
– The continuum of contract types

• Contract Types and Risk

Zen:  What Is The Sound of Risk Happening?
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Contract Types Overview
• Types of Contract Vehicles:

– Fixed Price
• Firm Fixed Price (FFP) [FAR 16.202]
• Fixed-Price Incentive (FPI) [FAR 16.204]

– Cost Reimbursement
• Cost Plus Award Fee (CPAF) [FAR 16.304]
• Cost Plus Incentive Fee (CPIF) [FAR 16.305]
• Cost Plus Fixed Fee (CPFF) [FAR 16.306]

• Contract Types vary according to: 
– Degree and timing of the responsibility assumed by the 

contractor for the costs
– Amount and nature of the profit incentive offered to the 

contractor for achieving or exceeding specified 
standards or goals

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

All of these contract types can be found in further detail in Section 16 of the Federal Acquisition Regulation (FAR)

Incentive 

type 

contracts

[FAR 16.4]

Price =

Cost + Fee

ROS strictly 

positive

Profit =

Price - Cost

ROS could be 

negative!
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Fee, Profit, and Margin
• Fee: Amount ($) paid to contractor over and above Cost

– Cost Reimbursement contracts

• Profit: Amount ($) earned in excess of Cost
– Fixed Price contracts

• Profit %:  Profit expressed as a percentage of Cost

• Margin %: Profit expressed as a percentage of Revenue

(= Cost + Profit = Price)

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

Warning: The error 
is in denominator!

ROC = $1M / $10M = 10.0%
ROS = $1M / $11M = 9.1%
ROS = ROC / (1+ROC)
ROC = ROS / (1–ROS)

AKA Return On 

Cost (ROC)

AKA Return On 

Sales (ROS)
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CPFF Illustration

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.
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FPIF Illustration

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.
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CPIF Illustration

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.
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Contract Comparison - Profit

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.
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Price Comparison
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ROS Compare
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Contract Incentives

• How to Keep Risk From Happening
(Sort of…)
– “You can’t manage your way out of a bad deal!”
– FFP is not the answer!

• Cost/Contracts View of the World
• Contract Types Conventional Wisdom
• Contract Types with Andy Rooney
• Incentive Contracts

Protestantism: Risk Won’t Happen If I Work Harder
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Cost/Contracts View of the World

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

C
o

n
tra

c
to

r

G
o

v
e

rn
m

e
n

t

Service

Cost Center

CAIG

Upper

Management

Proposal

Team
Program 

Office

RFP

Proposal

Contract

Proposal 

Review

Program Office 

Estimate (POE)

CAE

SAE
OSD CAPE / 

DNI CAIG ICE

Component 

Cost Analysis 

(CCA)

Cost/Price 

Proposal

PEO
SYSCOM

Cost Office



30

Contracts Conventional Wisdom

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

Beware 

Good 

Will 

Risk!

Beware 

Default 

Risk!

Low

FFP FPIF CPIF CPAF CPFF
Contract Types

(C
o

s
t)

 R
is

k

Contractor Risk = 

Contractor Incentive to 

Control Costs

High

Government 

Risk

Typical 
continuum



31

Contracts Conventional Wisdom
• Cost-Reimbursement contracts are high risk to the 

government
– But what about Good Will

Risk?! (LPD 17)

• Fixed-Price contracts are high risk to the contractor
– But what about Over-the-Barrel Risk?!

• Manifests as Default or Cancellation (A-12)
– But what about Economic Price

Adjustment (EPA)?!
– But also high opportunity!

• FFP is cheaper for the government
– But the contractor will price in risk!
– Coleman’s Law:  “Fixed Price + Claims = Cost Plus”

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.
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Contract Types with Andy Rooney

• Contracts folks are English majors,
Cost folks are Math majors
– FAR = blah, blah, blah – just give me

a piecewise linear function!
• Contract Data Elements specify outputs (Min 

Fee, Max Fee, Ceiling Price), we want inputs
(RIE endpoints, PTA)

• Contract Types are just functions that map 
Cost to Profit, Price, and ROS…
– …as you depart from Target Cost
– If you come in at Target Cost, contract type is 

immaterial
• Of course, you never come in at Target Cost (no estimate is 

ever right)

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.

“You know what really bugs me…?!”
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Incentive Contracts
• Incentive contracts is a misnomer [FAR 16.4]

– All contracts provide an ROS incentive, it’s just a 
matter of degree

– Only contract type that would incentivize overruns 
is cost plus fixed percent fee,
which is specifically prohibited [FAR 16.102(c)]

• Yet this is what EPA and T&M appear to be!
– If you don’t think contractors are motivated by 

ROS, you’re crazy!
• Fixed Price Incentive (FPI) ain’t fixed! [FAR 

16.403]
– What part of “price adjustment formula” did you not 

understand?!
– Contractors are given extreme risk (past PTA), but 

not commensurate extreme opportunity

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Bases Of Estimate (BOEs)

• How to Keep Risk From Happening 
(Really)
– We just want to be right on average

• Cost Proposal View of the World
• Building a Defensible BOE
• Estimating Methodologies
• The Three Equations of BOEs

– “BOEs for Engineers” (and, face it, that’s usually 
who writes ‘em!)

• Common BOE Errors

Catholicism:  If Risk Happens, I Deserve It
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Cost Proposal View of the World

“Cost Estimating in the Proposal Process,” R.L. 
Coleman, NCMA Battlefield-Dulles Chapter, 2010.
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BOE
Estimating 

Methodology 
and 

Rationale

Evaluated

Cost/Price
Reasonable!

Evaluated

Cost Risk
Reasonable!

Customer 
Confidence

Sector/Corporate 
Confidence

Winning 

Proposal!

More on 
this later

More 
on this 
next

The weak link
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Building a Defensible BOE

• A defensible BOE embodies the following traits:
– Transparency – The whole point of the BOE is 

documentation; the BOE must clearly show the rationale 
used to derive the cost estimate

– Consistency – Information referenced in the BOE must 
match the source information, be it in the technical 
proposal/descriptions, historical documents, constants and 
other parts of the contract effort

– Accuracy – Math is an inescapable fact of life; as engineers, 
don’t undermine your credibility by adding incorrectly

• “Why would I want them to build a nuclear carrier if they can’t even add?”
• Errors force the evaluator to do a lot of work to correct them, which puts 

them in an understandably foul mood

– Due Diligence – Does the documented estimating process 
represent the best available cost estimating process and 
data

“Cost Estimating in the Proposal Process,” R.L. 
Coleman, NCMA Battlefield-Dulles Chapter, 2010.
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Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

Estimating Methodologies
Type Supporting Information 

Analogy 

Method

Similar to other specific tasks or programs. Identify Tasks or Programs and 

comparison rationale. Provide the specific historical data point(s) used, the type 

and source of the historical data, any adjustments (factors) made to the historical 

data and the supporting rationale.  

Parametric 

Method

Provide the specific historical data point(s) used, the type and source of the 

historical data, any adjustments made to the historical data and the supporting 

rationale for them, the equation calculated from the data with associated statistical 

measures (i.e., t and F statistics, significance levels, r-squared and standard 

error).

Engineering 

Build-Up 

Method

Provide a breakdown of the cost estimate by direct labor hours, direct labor 

dollars, direct material, and overhead.  Where the effort represented by the cost 

record was divided into subtasks for estimating purposes, provide the breakdown 

at the top subtask level.  For factors and rates used in engineering build-up, 

describe specifically how the factor/rate was derived from Historical Experience.

Standard 

Cost Models

Identify the model and its vendor. Provide a copy of the input data file, and a 

description of the rationale for the selection of the input factors. Explicitly identify 

how the outputs map into the offeror’s estimate.

The most commonly 
found method

Most often found in 
complex 

developmental H/W

Seen in site hardware 
installation and late in 

manufacture of complex 
H/W

Usual in developmental 
S/W, occasional in 
developmental elex
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Estimating Methodologies

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

Type Supporting Information 

Company 

Standard 

Bidding 

System

Provide the details of the methodology and reference any DoD agency 

certifications that may apply.  Refer to other methods that were used to develop the 

individual costs, and provide the justification for each individual item.

Expert 

Opinion

Identify the key individuals or organizations who contributed significantly to the 

estimate and their relevant qualifications, the major factors that were considered in 

making the estimate (e.g., experience with similar projects) and explain how those 

factors influenced the cost.

Commercial 

Price

Catalog price -- Identify the relevant commercial catalog, its date, catalog price for 

the item, and discounts offered. Provide a list of all sales for the item in similar 

quantities during the last three years.

Market price -- Describe the nature of the relevant market and how that market 

affects the offered price including the source and date or period of any relevant 

market quotation or other basis for market price, the base market price, and 

applicable discounts or other price adjustments.

Other commercial price -- Provide evidence of prices charged other customers 

under similar circumstances of quantity, terms, and conditions. 

Other A detailed description of the estimating methodology is required showing clear 

traceability to the cost proposed. 

Common 
in IT 

BOMs

Most RFPs allow for this, if they 
lay out categories, but we’ve 
never seen anything that fit it

Rare

Frowned upon 
except for truly 

first-ever elements
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Estimating Techniques & BOE Quality
basis none very weak weak strong very strong
risk indeterminate high medium low low
uncertainty high high high varying defined

identical
(in progress)

EVM EAC 
(tradi-
tional)

EVM EAC 
(progress-
based)

+ Prediction
Interval (PI)

identical
(no learning)

expert 
testimony actual cost average + PI

identical
(learning)

pseudo-
learning
curve

learning 
curve + PI

comparable expert 
testimony

exact 
analogy average + PI

different expert opinion scaled 
analogy

adjusted 
analogy CER + PI

related cost expert opinion factor 
(apocryphal) factor

CER
(cost-on-
cost)

+ PI
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Estimating Techniques & BOE Quality
basis none very weak weak strong very strong
risk indeterminate high medium low low
uncertainty high high high varying defined

identical
(in progress)

EVM EAC 
(tradi-
tional)

EVM EAC 
(progress-
based)

+ Prediction
Interval (PI)

identical
(no learning)

expert 
testimony actual cost average + PI

identical
(learning)

pseudo-
learning
curve

learning 
curve + PI

comparable expert 
testimony

exact 
analogy average + PI

different expert opinion scaled 
analogy

adjusted 
analogy CER + PI

related cost expert opinion factor 
(apocryphal) factor

CER
(cost-on-
cost)

+ PI

Cross-checks or documented track record can strengthen rating

(4) Extrapolation 
from Actuals

(1) Analogy (2) Parametric
(5) Expert 
Opinion
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basis none very weak weak strong very strong
risk indeterminate high medium low low
uncertainty high high high varying defined

defined
(standard)

expert 
testimony

industry 
benchmark standard

standard + 
variance 
factor

+ Prediction
Interval (PI)

related
(non-
standard)

expert opinion factor
(apocryphal)

moving 
average 
(rote)

(moving) 
average or

CER
+ PI

material budget bid quote
quote + 
VNR or

catalog

multiple
prices + PI

Estimating Techniques & BOE Quality

Warning: Typical implementation 
of most common methods often 

rate no higher than “Weak”
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basis none very weak weak strong very strong
risk indeterminate high medium low low
uncertainty high high high varying defined

defined
(standard)

expert 
testimony

industry 
benchmark standard

standard + 
variance 
factor

+ Prediction
Interval (PI)

related
(non-
standard)

expert opinion factor
(apocryphal)

moving 
average 
(rote)

(moving) 
average or

CER
+ PI

material budget bid quote
quote + 
VNR or

catalog

multiple
prices + PI

Estimating Techniques & BOE Quality

Cross-checks or documented track record can strengthen rating

(3) Engineering 
Build-Up

Warning: Typical implementation 
of most common methods often 

rate no higher than “Weak”
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The Equation for an Analogy
• Analogies have a basic formula, described 

below:
E = A * F = A * Pe/Pa

E is the cost estimate for the current program
(in $ or MH)

A is the cost of the analogy (in $ or MH)
F is a factor or ratio: F = Pe/Pa (unitless)

Pe = Parameter value for the estimated system (ft, ft2, 
tons, etc.) 

Pa = Parameter value for the analogy system
• A less common but preferred variation is:

E = A * F + b
b = the y-intercept

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

Prerequisites:
• A must be “actuals” for a successful program
• A must be a justifiable analogy for E
• P must be an acceptable or intuitively valid cost driver
In the less common variation: 
F and b should be justified by a regression

Risk
• The risk is most likely in F via Pe
• Because A & Pa are historical, 
but  Pe is often not fully developed 
or well known
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The Equation for a Build-Up
• Buildups have a basic formula, described 

below:
E = R * P

E is the cost estimate for the current program
(in $ or MH)

R is the historical rate for the work
(MH/ft, MH/ft2, MH/ton, $/trip, etc.)

P is a Parameter (ft, ft2, tons, trips, etc.)

• A less common but preferred variation is:
E = R * P + b

b = the y-intercept

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

Risk
• The risk  flows in through P
• Because R is usually well 
justified 

Prerequisites:
• P must be a measured, surveyed or design 
value for the parameter
• R must be a historically demonstrated rate
In the less common variation: 
• R and b should be justified by a regression
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The Equation for a Related Cost
• Related costs have a basic formula:

E = F * C
E is an “indirect” or derivative cost (PM, test, design hours, etc.)

F is the historical factor for E in terms of C,
where F = Ci/Cd (unitless)

Ci = Indirect or “Below the Line” cost on (an)other project(s) 
Cd = Direct or “Above the Line” cost on (an)other project(s)

C is an estimated direct or “Above the Line” cost (touch labor, 
H/W or material cost, etc.)

• A less common but preferred
variation is:

E = F * C + b
b = the y-intercept

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

Risk
• The BOE-specific risk is in F
• But, risk flows in through C
because C is estimated 

Prerequisites:
• C must be a well-established direct cost
• F must be a historically demonstrated fraction or multiplier
In the less common variation: 
• F and b should be justified by a regression
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Common BOE Errors
• No basis whatsoever (or none evident)
• Adjustments with no basis (or basis not explained)
• Subcontractors with no BOEs
• Cherry picking
• Missing elements
• BOEs out of sync with technical volume
• Two BOEs each claiming (or thinking) that the other 

BOE covers a cost
– Or, less often, two BOEs claiming the same cost

• Standards errors (e.g., MH/year, POP)
• Travel or material quantities unjustified
• Facility costs/choices unjustified
• Basing the estimate on another estimate
• Learning curve errors*

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

*These elements are not commonly present, but when they are present, they are virtually always done wrong
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Common BOE Errors
• Risk

– Missing risks implied by the BOEs
– Missing or incorrect roll-up of risk register
– Not understanding relationship of the risk register to the MR
– Buried MR
– Missing technical risks
– Improperly characterized risks
– Improper/no analysis of Service Level Agreements (SLAs)*
– No risk register whatsoever

• Formerly common, but now less so

• Pricing
– Out of sync with BOEs
– Missing BOEs/WBS
– Insufficient or no escalation

• Dangerously coupled with lack of inflation clauses
– Currency exchange rate hedging mischaracterized in 

risk/MR and/or misunderstood*

Cost Estimating Body of Knowledge (CEBoK), version 1.1, 
Module 14 Contract Pricing, © SCEA, 2010.

*These elements are not commonly present, but when they are present, they are virtually always done wrong



48

Risk-Based ROS

• How to Integrate Cost, Risk, and Contracts

• Contract Types and Risk
• Distribution of ROS
• Pathological Cases

– Alas! not uncommon

• Negotiations

Taoism:  Risk Happens
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Contract Types and Risk
• We wish to examine the interplay of risk and uncertainty 

with contract geometry for the various contract types
– Looking at “range of possible outcomes across the shareline”

• Imagine an S-curve of cost superimposed on ROS graph
• What happens when…

– Estimate is aggressive?
• Competitive (full-and-open) or negotiation (sole-source) pressure on Target 

Cost

– Estimate is padded?
• Does this still happen?
• Compensate by subtracting one standard deviation from Target Cost as 

opportunity

– Variation is understated?
• Cost Estimating Variability or risks/opportunities omitted

• We would like to observe the effect on the mean and key 
percentiles (20/50/80) of ROS (and Price)

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.

Contractor Government
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key points

PDF (analytical)

Distribution of ROS – FFP

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Distribution of ROS – CPFF

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Distribution of ROS – FPI

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Distribution of ROS – CPIF

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Distribution of ROS – Comparison

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Pathological Cases – FFP

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Pathological Cases – CPFF

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Pathological Cases – FPI

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Pathological Cases – CPIF

“Risk-Based Return On Sales (ROS) for Proposals with Mitigating Terms and Conditions,” P.J. Braxton, R.L. 
Coleman, E.R. Druker, B.L. Cullis, C.M. Kanick, A.V. Bapat, J.M. Callahan, B.P. Caccavale, SCEA/ISPA, 2009.
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Target Cost 10.0$     
Target Profit 1.0$       10.0% Profit Percent
Target Price 11.0$     9.1% Margin Percent
Under Gov Share 40%
Under Cont Share 60%
Over Gov Share 70%
Over Cont Share 30%
PTA 12.9$     
Ceiling Price 13.0$     130.0% Ceiling Price Percent

Contract Negotiations Scenario
• Fixed Price Incentive Firm (FPIF)
• Target Cost (TC) = $10.0M

Target Profit (Fee) (TF) = $1.0M
Target Price (TP) = $11.0M

• 10% Profit (ROC)
9.1% Margin (ROS)

• 70/30 Over-Target Shareline
40/60 Under-Target Shareline

• Ceiling Price (CP) = 130%

“Risk-Based Return On Sales (ROS) As a Tool for Complex Contract 
Negotiations,” P.J. Braxton, R.L. Coleman, M.H. Burton, SCEA/ISPA, 2010.

 

overGS

TPCP
TCPTA




yellow fill = input

blue fill = calculated
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Risk-Based ROS Negotiations Tool
• Quad chart dashboard

– Upper left:  Contract Geometry
• Key points highlighted (Target Cost, PTA)
• The function which enables mapping of Cost

– Lower left:  Distribution of Cost
• CDF and PDF views
• Output of cost estimating process (proposal/ICE and 

POE/ICE)
– Upper right:  Distribution of Price

• What the government cares about – compare with Budget
– Lower right:  Distribution of ROS

• What the contractor cares about – compare with hurdle rate
• Enables common view 

– Graphical depiction produces more clear and 
intuitive results

“Risk-Based Return On Sales (ROS) As a Tool for Complex Contract 
Negotiations,” P.J. Braxton, R.L. Coleman, M.H. Burton, SCEA/ISPA, 2010.
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Risk-Based ROS Negotiations Tool

“Risk-Based Return On Sales (ROS) As a Tool for Complex Contract 
Negotiations,” P.J. Braxton, R.L. Coleman, M.H. Burton, SCEA/ISPA, 2010.
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Exploring the Scenario

• Vary parameters one at a time
– Essentially sensitivity analysis

• Two major inputs:
– Contract geometry

• This is the subject of the negotiations

– Probabilistic cost estimate
• This is the subject of the reconciliation

• Ts & Cs treated offline in Monte Carlo 
simulation
– After inputs have been refined using the tool

“Risk-Based Return On Sales (ROS) As a Tool for Complex Contract 
Negotiations,” P.J. Braxton, R.L. Coleman, M.H. Burton, SCEA/ISPA, 2010.
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Contractor Initial Position

“Risk-Based Return On Sales (ROS) As a Tool for Complex Contract 
Negotiations,” P.J. Braxton, R.L. Coleman, M.H. Burton, SCEA/ISPA, 2010.
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“Risk-Based Return On Sales (ROS) As a Tool for Complex Contract 
Negotiations,” P.J. Braxton, R.L. Coleman, M.H. Burton, SCEA/ISPA, 2010.
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“Risk-Based Return On Sales (ROS) As a Tool for Complex Contract 
Negotiations,” P.J. Braxton, R.L. Coleman, M.H. Burton, SCEA/ISPA, 2010.
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The Road Ahead

• Future Challenges
– Better integration

• Between cost estimation and contract management
• With the acquisition process as a whole

– Better risk management
• Budgeting to higher percentiles to ensure program 

success
• Allocating to lower percentiles to harvest opportunities
• Holding the difference as “management reserve”

– At various (organizational) levels of the process
– In consonance with law, policy, and contracts
– With mechanisms that aren’t too cumbersome

– Better portfolio management
• Everybody’s buzzword

• Thank you, and good luck!
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Related Methodologies Grading Scale

basis none very weak weak strong very strong

Risk and 
Uncertainty

none or

expert 
opinion

standard 
factors or

expert 
testimony

scenario-
based or

sensitivity 
analysis

historical 
factors

historical 
factors with 
driver (size 
or risk score)

Should Cost
arbitrary 
targets / 
reductions

industry 
benchmarks

BPR / 
Lean

disciplined 
CAIV / 
SPC (Six 
Sigma)

disciplined 
Target 
Costing / 
Supply Chain 
Management


