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Cost Estimating Basics

Why cost estimating (and an 
overview of how)

“It shall be unlawful for any person to practice the arts 
of phrenology, palmistry, clairvoyance, fortune-telling 

and other crafts of a similar kind in the counties named 
herein. Any person violating any provision of this 

section shall be guilty of a Class 2 misdemeanor.”
-North Carolina General Statutes 14-201.5

“There are those people who produce 
forecasts uncritically.  When asked why they 

forecast, they answer, ‘Well, that’s what 
we’re paid to do here.’

“My suggestion: get another job.”
-“The Scandal of Prediction,” The Black 

Swan, Nassim Nicholas Taleb
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Cost Estimating Basics Outline

• Core Knowledge

– Introduction to Cost Estimating and 

Analysis

– Overview of Cost Estimating and Analysis

– Cost Estimating Products

– Cost Estimating Process and Methods

– Cost Estimating Certification

• Summary

• Resources

• Related and Advanced Topics
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Introduction to

Cost Estimating and Analysis

• Definition and Purpose

• Applications

• Organizations

• Estimators

• Skills
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Cost Estimating

• Cost Estimating:  

– The process of collecting and analyzing historical data and applying 

quantitative models, techniques, tools, and databases to predict the 

future cost of an item, product, program, or task 

• Purpose of cost estimating

– Translate system/functional requirements associated with programs, 

projects, proposals, or processes into budget requirements

– Determine and communicate a realistic view of the likely cost 

outcome, which can form the basis of the plan for executing the 

work

“Suppose one of you wants to build a tower.  Will he not first sit down and 
estimate the cost to see if he has enough money to complete it?  For if he 

lays the foundation and is not able to finish it, everyone who sees it will 
ridicule him, saying, ‘This fellow began to build and was not able to finish.’”

-Jesus Christ, Luke 14:28-30

CEBoK-Glossary.xls#cost_estimating
CEBoK-Glossary.xls#cost_estimating
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Motivations for Cost Estimating

• Budgeting

– (Independent) Cost Estimates to establish program budgets 

should give a reasonable chance of “success”

• Measured by Track Record

• Planning

– Bases of Estimate (BOEs) to establish project baselines 

should allow an accurate measurement of progress

• Measured by EVM Performance Indices

• Trade-Offs

– Parametric Models and Cost Response Curves (CRCs) to 

give quick and accurate estimates should guide system 

requirements and design toward affordability

• Measured by periodic Life Cycle Cost Estimates (LCCEs)
16

15

13

14

Tip:  Proper treatment of Risk is crucial to all three! 9

Module16-Cost-Mgt.ppt#37
Module15-EVM.ppt#51
Module13-Economic-Analysis.ppt#126
Module14-Contract-Pricing.ppt#38
Module09-Risk.ppt#10


© 2002-2013 ICEAA.  All rights reserved.

v1.2

Unit I - Module 1 8

Applications of Cost Estimating

• As part of a total systems analysis, cost estimating 

helps decision makers to:

– Make decisions on program viability, structure, and resource 

requirements

– Establish and defend budgets

– Conduct Analysis of Alternatives (AoA)

– Create new business proposals and perform source 

selection

– Conduct in-process reviews of major projects

– Perform design trade-offs

– Assess technology changes

– Comply with public law

– Satisfy oversight requirements

16

13

14

1

15

Module16-Cost-Mgt.ppt#37
Module13-Economic-Analysis.ppt#126
Module14-Contract-Pricing.ppt#10
Module15-EVM.ppt#80
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Government Executive (OMB), Legislative 
(CBO, GAO) studies, PB 5

Department OSD CAIG, ODNI CAIG ICE, CBJB 4

Mission Service/Agency/Office CCA, capability trades 
(between  portfolios), IPBS 3

Architecture Directorate/PEO Capability trades (within 
portfolio) 2

Program Program Office POE, AoA, "should cost," 
initial budget
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Contract Contractor Proposal, ECPs -In
de

pe
nd

en
ce

 In
cr

ea
se

s 
an

d 
D

et
ai

le
d 

In
si

gh
t 

D
ec

re
as

es
 w

ith
 “D

is
ta

nc
e”

 fr
om

 P
ro

gr
am

Cost Estimating Organizations
• Each organization has its own mandate, which affects the type 

and timing of estimates they perform
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Public Estimates:  Press, 
Think Tanks, Academia

1

Adapted from “Cost Estimating in the Office of the Director of National Intelligence,” J.G. Pennett, Aerospace Corporation, Aug 2005.

R
es

po
ns

ib
le

 fo
r E

xe
cu

tio
n

16

14

13

Module16-Cost-Mgt.ppt#37
Module14-Contract-Pricing.ppt#10
Module13-Economic-Analysis.ppt#126
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Who Are Cost Estimators?

• Introversion
– Often solitary analytical work, 

“desk job”

• iNtuition
– Seeing the big picture, 

developing patterns

• Thinking
– Analytical decision-making

• Perceiving
– Creative analysis, not 

“cookbook”

• Extraversion
– Collaboration, people-intensive 

data collection, “briefing out”

• Sensing
– Mathematical accuracy, build-

up details

• Feeling
– Navigating stakeholders

• Judging
– Planning and organization, 

repeatable techniques

Tip:  Primary modes are on the left, but secondary modes (right) are also needed

“You can always tell the outgoing cost estimators at the cocktail party; they’re the 
ones staring at the other guy’s shoes.”  -Rich Hartley, SAF/FMC [attributed]

http://en.wikipedia.org/wiki/Myers-Briggs_Type_Indicator“The Architect”

http://en.wikipedia.org/wiki/Myers-Briggs_Type_Indicator
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Cost Estimator Weltanschauung

• “Cost estimating is a science and an art…”

– …and a “religion”!

– Mix of fatalism and agnosticism

• Estimates based on history

• Importance of cross-checks and risk

– No estimate is ever right!

• Visual display of information (data)

• Existence of patterns and “beautiful equations”

• Power of parametrics
“It seems that if one is working from the point of view of getting beauty in one’s 

equations, and if one has really a sound insight, one is on a sure line of progress.”  
-Paul Dirac http://en.wikiquote.org/wiki/Paul_Dirac

http://en.wikiquote.org/wiki/Paul_Dirac
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The Plight of Cost Estimators

• Everyone’s an estimator

• No one believes us!

– Corollary:  “We told you so!”

“Opinions are like a******s, Your Honor, everybody’s got one.”
-Woody Harrelson as Larry Flynt, The People vs. Larry Flynt

“Already I prophesied to my countrymen 
all their disasters...[but] Ever since that 

fault I could persuade no one of 
anything.”

-Cassandra, Aeschylus’s Agamemnon

“I’ll take it under advisement.”
-Alan Rickman as Hans Gruber, 

Die Hard

“I don’t get no respect.”
-Rodney Dangerfield

1

“Our estimate is always the highest, 
and it’s never high enough!”
-Shishu Gupta, ODNI CAIG
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Cost Estimating 

and Analysis Accounting
Financial Systems, ERP

Management Accounting

Operations Research (OR)
Management Science

Industrial Engineering (IE)

Modeling and Simulation (M&S)

Optimization

Cost Estimating Disciplines

Cost Estimating 101, Naval Center for 

Cost Analysis (NCCA).

Cost Analysis is neither Accounting nor Auditing

Mathematics
Arithmetic

Algebra and Functional Forms

Probability and Statistics

Numerical Methods 10
11

5

Computer Science
Software Development

Economics
Econometrics

Business, Finance

Budgeting
PPBE System

Engineering
Mechanical Engineering, Electrical Engineering

Aerospace Engineering, Naval Architecture

Systems Engineering, Physics

Production Engineering/Mfg, Logistics

Marketing
Sales, Business Development

Voice of the Customer

Presentation Skills

12

1

1

1

1

1

1

1

1

Module10-Prob-Stat.ppt#4
Module11-Mfg-Cost-Est.ppt#4
Module01-Cost-Est-Basics-exercises.xls#Q_5
Module12-SW-Cost-Est.ppt#4
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Overview of 

Cost Estimating and Analysis

• Context

• Benefits and Qualities

• Limitations and Challenges

Integrated Defense Acquisition, Technology and Logistics Life Cycle Management 

Chart, Defense Acquisition University (DAU), https://ilc.dau.mil/.

https://ilc.dau.mil/
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Context for Cost Estimating

• Requirements (or market research) Process

– Joint Capabilities Integration Development System (JCIDS)

– Management of changing requirements under tight constraints

– Quantifies cost impact of alternatives

– Cost required for Capabilities Development Document (CDD)

• Programming, Planning, Budgeting, and Execution (PPBE)

– Must develop plan for consumption of resources

– Capture impacts of changing resources

• Acquisition Process

– Validated cost estimate (POE, CCA, ICE) necessary to continue 
through milestone reviews

– Estimates should be updated periodically as program matures 
technically and schedules change

Cost analysis is required whenever resources are allocated

11

Integrated Defense Acquisition, Technology and Logistics Life Cycle Management Chart 

v5.2, Defense Acquisition University (DAU), 2012, https://ilc.dau.mil/.

Module01-Cost-Est-Basics-exercises.xls#Q_11
https://ilc.dau.mil/
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Oct      Nov      Dec      Jan      Feb      Mar      Apr      May      Jun      Jul      Aug      Sep    

Cost Estimating in the Budget Process

Program Years

(FY15 – 19)

(FYXX+2 – XX+6) Program/budget/ 
execution reviews

• PDM and PBDs (PPBE process)

• IPDM and IPBDs (CPBS)

• Pres. Budget

• CBJBs/CJBs

Current FY 
(FY13)
(FYXX) 

Past FYs

Budget Year

(FY14)
(FYXX+1)

Ongoing planning 
efforts that 

support 
development of 

program 
guidance

In Execution

In Execution

Program/budget/execution review 
and decisions Congressional budget action

Guidance Development

Program and budget build

Planning by Services, agencies, JCS, unified commands, OSD

Federal 
Budget

• SPG, JPG, etc
• DNI Guidance, etc.

• POM/BESs (PPBE 
process
•IPBSs (CPBS).

“Planning, Programming, Budgeting, Execution System (PPBES),” Fred Sadrak, TASC, August 28, 2005.



© 2002-2013 ICEAA.  All rights reserved.

v1.2

Unit I - Module 1 17

Cost Estimating in the Acquisition Process

• Cost Estimates should be conducted during, and include 

costs from, all phases of the System Life Cycle

Tip:  WSARA places new emphasis 
on Pre-Milestone A estimating

R&D                                        Production                                      O&SSunk Cost

IOC
Technology 

Development
Production & 
Deployment

Operations & 
Support

FRP 
Decision
Review

FOC
Materiel
Solution
Analysis

User Needs

Technology Opportunities & Resources

Program
InitiationBA C

Engineering and 
Manufacturing Development

Post-CDR
Assessment

PDR

Post PDR
Assessment

“Operation of the Defense Acquisition System Statutory and Regulatory 

Changes,” Bradford Brown, Defense Acquisition University (DAU), 2009.
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Benefits of Cost Estimating

• Supports budgeting process by enabling you to:

– Integrate the requirements and budgeting processes 

– Assess reasonableness of program budgets

– Effectively defend budgets to oversight organizations

– Quickly/accurately determine impacts of budget cuts 

on program baselines and associated functionality

• Enhances profitability and organization’s future 

business potential

• Highlights significant cost elements and cost 

drivers

15

Module01-Cost-Est-Basics-exercises.xls#Q_15
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Benefits of Cost Estimating

• Provides for the identification and objective 
quantification of the impact of program risks 
(technical and schedule risks)

• Provides basis for evaluating competing 
systems/initiatives (cost/benefit analyses and AoAs) 

• Enables proposal pricing and evaluation of proposals 
for cost reasonableness 

• Captures cost impacts of design decisions to facilitate 
tradeoffs in CAIV/DTC/Target Costing 

• Facilitates evaluation of the impact of new ways of 
doing business (e.g., in-sourcing vs. outsourcing, 
COTS vs. custom software)

16

13

9

14

19

Cost estimating facilitates understanding

Module16-Cost-Mgt.ppt#37
Module13-Economic-Analysis.ppt#7
Module09-Risk.ppt#35
Module14-Contract-Pricing.ppt#11
Module01-Cost-Est-Basics-exercises.xls#Q_19
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Aircraft Example: Benefits

• Case Study: Build Commercial Aircraft

• Cost estimate would:

Help build 
budget

Quantify risks and 
identify problems 

early

Allow 
alternative 
exploration

Maximize value 
for dollars spent

Competitive 
Advantage=
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Cost Estimate Qualities

• The characteristics of high quality cost 

estimates are:

– Accurate

– Comprehensive

– Replicable and Auditable

– Traceable

– Credible

– Timely

10

Module01-Cost-Est-Basics-exercises.xls#Q_10
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Limitations of Cost Estimating

• Cost estimating cannot:

– Be applied with cookbook precision

– Produce results that are better than input data

• Garbage In, Garbage Out (GIGO) 

– Predict political impacts

– Substitute for sound judgment, management, or 

control

– Make final decisions

9

Module01-Cost-Est-Basics-exercises.xls#Q_9
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Cost Estimating Challenges
• Decision Support

– May be difficult to quantify cost impacts of alternatives

– Cannot trade off non-cost variables

• Resource and Schedule Constraints
– Schedule constraints on estimate delivery

– Estimate quality suffers with fast turnaround requirements

• Quick and easy access to historical data may not be possible

• Lower quality estimate limits utility to key decision makers

• Quality
– Definition of “good data”

– Adjustments to raw data may be made several times

– Inadequate documentation

– Undocumented or tacit knowledge

• Coordination
– Large number of organizations may be involved

16

4

18

Module16-Cost-Mgt.ppt#39
Module04-Data-Collection.ppt#10
Module01-Cost-Est-Basics-exercises.xls#Q_18
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Cost Estimating Challenges

• Consistency

– Estimates must track over time

– Comparisons between cost estimates developed by different 

organizations must be adjusted for content and assumptions 

to be meaningful

• Reconciliation process

– Historical data may not be consistent between differing cost 

element or work breakdown structures

• Security/access

– Company-proprietary data

– Data classification/security

– Possible misuse of data

Tip:  Conscientiousness in 
safeguarding data is essential in 

developing trust
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Cost Products

• Cost Analysis Requirements 

Description (CARD) 

• Cost Estimate

– Types of Estimates

• Cost Model

• Estimate Documentation
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Cost Analysis

Requirements Description (CARD)
• Cost Analysis Requirements Description (CARD)

– Detailed technical, programmatic, and schedule description

• Purpose of CARD

– Collect, integrate, and coordinate technical, programmatic, 

and schedule information necessary to estimate program 

costs

– Ensures that cost projections developed by the analyst are 

based on a common definition of the system and the 

acquisition program

CARD is a DoD requirement for major programs but a CARD-like document 

should be developed for any estimate, government or industry

2

AKA Intelligence Capability Baseline Description (ICBD), 

Cost Analysis Data Requirements (CADRe),

Cost Estimating Baseline Document (CEBD)

Module01-Cost-Est-Basics-exercises.xls#Q_2
CEBoK-Glossary.xls#cost_analysis_requirements_description
CEBoK-Glossary.xls#cost_analysis_requirements_description
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CARD Contents

• CARD includes:

– System Technical 

Description

• Work Breakdown 
Structure (WBS)

– Predecessor System 

Description

– Manpower Requirements

– Risk

– Operational Concept

– Deployment

– Logistics Support Concept

– Training

– Cost and Software Data 

Reporting (CSDR) Plan 

– Acquisition Schedule

– Acquisition Strategy

– System Test and Evaluation 

(ST&E)

– Environmental Impact 

Analysis

– Track to Prior CARD

DoD 5000.4-M, “Cost Analysis Guidance and Procedures,” ASD(PA&E), December, 1992, Chapter 1 –

Guidelines for the Preparation and Maintenance of a Cost Analysis Requirements Description (CARD).
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CARD Contents (cont’d.)

• CARD includes:

– System Technical 

Description

– Work Breakdown Structure 

(WBS)

– Predecessor System 

Description

– Manpower Requirements

– Risk

– Operational Concept

– Deployment

– Logistics Support Concept

– Training

– Cost and Software Data 

Reporting (CSDR) Plan 

– Acquisition Schedule

– Acquisition Strategy

– System Test and Evaluation 

(ST&E)

– Environmental Impact 

Analysis

– Track to Prior CARD

DoD 5000.4-M, “Cost Analysis Guidance and Procedures,” ASD(PA&E), December, 1992, Chapter 1 –

Guidelines for the Preparation and Maintenance of a Cost Analysis Requirements Description (CARD).
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System Description

CARD Primer, Department of Defense Cost Analysis Symposium (DoDCAS).
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System Description

“If you can’t tell me what it is, I 
can’t tell you what it costs.”

-Mike Jeffers

CARD Primer, Department of Defense Cost Analysis Symposium (DoDCAS).
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Types of Cost Estimates

• Life Cycle Cost Estimate (LCCE)

• Independent Cost Estimate (ICE)

• Budget Estimate

• Rough Order of Magnitude (ROM)

• Estimate At Completion (EAC)

• Independent Cost Assessment (ICA)

• Analysis of Alternatives (AoA)

• Economic Analysis (EA)

1

Tip:  LCCE is the prototypical cost estimate.

Module01-Cost-Est-Basics-exercises.xls#Q_1
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Types of Cost Estimates – LCCE

• Life Cycle Cost Estimate (LCCE)
– “Cradle-to-grave” (or “womb-to-tomb”) estimate 

– Includes Research and Development (R&D), 
Production, Operations and Support (O&S), and 
Disposal

• Commercial definitions are similar

• “Life cycle” is often confused with O&S but 
actually includes all of the above

– Should be performed as early in the life cycle as 
possible – updated to support Milestone Decisions

– Estimate costs regardless of funding source
• All organizations and appropriations (“colors of money”)

12

AKA Total Ownership Cost (TOC) Estimate, 

Whole-Life or Through-Life Costing

16

Module01-Cost-Est-Basics-exercises.xls#Q_12
CEBoK-Glossary.xls#life_cycle_cost_estimate
CEBoK-Glossary.xls#life_cycle_cost_estimate
Module16-Cost-Mgt.ppt#70
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Types of Cost Estimates – ICE

• Independent Cost Estimate (ICE)

– LCCE developed by an independent organization 

– Objective “true-facts” assessment of the program’s 

most likely cost

– Provides an unbiased assessment of the POE or 

Program LCCE (PLCCE)

– Detached from advocacy

• Not under the influence of interested party

– Identifies potential budgetary excesses and 

shortfalls

– Identifies the cost risks associated with the project

20

1

Module01-Cost-Est-Basics-exercises.xls#Q_20
CEBoK-Glossary.xls#independent_cost_estimate
CEBoK-Glossary.xls#independent_cost_estimate
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• Positional Independence is required to provide an unbiased 

review/validation of an estimate and cannot come from within the 

same immediate organization, or direct reporting structure, that 

develops an estimate. 

• An estimating organization is positionally independent in the eyes of a 

decision maker if and only if there is no intervening common superior 

with the acquiring organization

• A1 is independent of P in the view of S, but not C

– A2 is independent in the view of C (and O)

Unit I - Module 1
34

“Two ‘Timely Short Topics’:  Independence and Cost Realism,” R.L. Coleman, 

J.R. Towers (nee Summerville), S.S. Gupta, SCEA/ISPA 2005. 

Positional Independence

Program Office (P) Assessor (A1)

Superior (S)

Agency / Major Command (C)Tip:  It is recommended that your 
cost estimating organization be 

centralized and positionally 
independent, with matrixed support 

to programs

Oversight (O) 

Assessor (A2)

CEBoK-Glossary.xls#positional_independence
CEBoK-Glossary.xls#positional_independence
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Types of Cost Estimates – Budget

• Budget Estimate

– Estimate prepared for inclusion in budget to 

support acquisition programs

– Estimate for selected years of program life cycle

• Usually across the Future Years Defense Plan (FYDP)

– Ensures project feasibility and attainable 

performance levels

– Reliable project cost estimate consistent with 

realistic schedules

– Establish baseline project definitions, schedules, 

and costs

– May or may not include risk

6

Tip:  For ACAT I programs, 
the Budget Estimate should 
be consistent with the ICE.

Module01-Cost-Est-Basics-exercises.xls#Q_6
CEBoK-Glossary.xls#budget_estimate
CEBoK-Glossary.xls#budget_estimate
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Types of Cost Estimates –

ROM, EAC, and ICA
• Rough-Order-of-Magnitude (ROM)

– Little specific information known about the project 
– The design effort has not begun
– Uses ratios or factored historical information 
– Used for feasibility studies and selection from among alternatives

• Estimate At Completion (EAC)
– Used for in-process program reviews
– Can be used as an ICE methodology if sufficient cost history

• Independent Cost Assessment (ICA)
– Develop, or validate, an independent estimate and risk analysis 

with some degree of reliance on existing estimate data and/or 
assumptions

– Evaluate underlying assumptions and assess validity of estimate

15

AKA Non-Advocate Cost Assessment (NACA), Budget Sufficiency 

Review (BSR), Independent Cost Evaluation (ICE)

AKA Quick-Look, Back-of-the-

Envelope, (S)WAG

Module15-EVM.ppt#64
CEBoK-Glossary.xls#rough_order_of_magnitude
CEBoK-Glossary.xls#rough_order_of_magnitude


© 2002-2013 ICEAA.  All rights reserved.

v1.2

Unit I - Module 1 37

Types of Cost Estimates – AoA and EA

• Analysis of Alternatives (AoA) 
– Evaluates costs and benefits of alternatives

– Used to down-select from competing designs

– Shows advantages and disadvantages of the alternatives 
being considered

– Involves performance
characteristics

• Economic Analysis (EA)
– Describes specific mission requirement(s) and lists specific 

alternative courses of action
– Framework for systematically investigating problems of 

choice
– Compares the costs and benefits associated with each 

alternative course
of action

13

13

AKA Cost and Operational 

Effectiveness Analysis (COEA)

AKA Cost-Benefit Analysis, 

Business Case Analysis

Module13-Economic-Analysis.ppt#126
Module13-Economic-Analysis.ppt#37
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Aircraft Example: Estimate Types

• LCCE – What are all program costs?

• ICE/ICA – What is the unbiased estimate?

• Budget – Is funding available when needed?

• ROM – Is project affordable?

• EAC – Is the program still affordable based on 

progress? 

• AoA – What is cost and requirement impact of 

different solutions?

• EA – What could meet mission requirements?

Unit I - Module 1 38

All estimate types could be performed for the aircraft
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Cost Estimate Overview

• Collection and application of methods used to 

estimate a system

• Translates data inputs using mathematical 

modeling to produce an estimate 

• Developed using one or more estimating 

techniques

• Analyst should consider past and current 

actual data

2

3

14

Estimate = Model + Documentation

Module02-Cost-Est-Techniques.ppt#8
Module03-Parametrics.ppt#20
Module14-Contract-Pricing.ppt#43
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Cost Model

Components and Characteristics
• Inputs

– Technical and programmatic parameters

– Applicable rates 

• Model structure

– Varying level of detail depending on need

– Implement a custom or COTS model 

– Applies parametric, analogy, or build-up techniques to inputs

• Outputs

– Estimate is time-phased and escalated

– Should include risk analysis9

11

Methodology OutputsInputs

Data

GR&A

Module09-Risk.ppt#8
Module11-Mfg-Cost-Est.ppt#35
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Estimate Documentation

• Robust and detailed documentation permits 

reviewers to follow estimate logic from 

assumptions to results

• Should provide reviewers with:

– Purpose and scope of cost estimate

– Ground rules and assumptions (GR&A)

– Program background and system description

– Schedule

– Cost estimating methodology

Document not only for an external audience but for yourself!

Tip:  When in doubt, 
take a hostage!

CEBoK-Glossary.xls#documentation
CEBoK-Glossary.xls#documentation
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Estimate Documentation Components

• Documentation of cost estimating 

methodology should include:

– Data, data sources, and normalization procedures

– Assessment of analogous programs

– Details regarding the cost estimating relationships 

(CERs) and factors applied

– Labor hours and rates, and how they were 

developed

• Methods for applicable cost improvement curves

– Material requirements and subcontracts

7

4

3

Tip:  Content is more important than format for 
documentation, but don’t forget to write for your audience!

Air Force Manual 33-326 “Preparing Official Communications,” 15 October 2007.  Air Force Handbook 33-337 

“The Tongue and Quill,” 1 August 2004, http://www.e-publishing.af.mil/shared/media/epubs/afh33-337.pdf.

Module07-Learning-Curve.ppt#61
Module04-Data-Collection.ppt#17
Module03-Parametrics.ppt#22
http://www.e-publishing.af.mil/shared/media/epubs/afh33-337.pdf
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Estimate Documentation Components

• Documentation of cost estimating 

methodology should include:

– Details of applied cost models including:

• Relevance to the system/program

• Inputs/outputs

• Calibrations performed

– Inflation indices used and time-phasing details

– Description of judgments applied by estimator(s)

– Details of risk and confidence analysis

– Cross-checks

– Appendices and references

9

5

Module09-Risk.ppt#25
Module05-Inflation.ppt#1
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Cost Estimating Process

• Work Breakdown Structure (WBS) Development

• Program/System Baseline Development

• Data Collection and Data Analysis 

• Cost Element Methodology

• Model Development and Validation

• Results and Report Generation
8

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results
Cost Estimating and Assessment Guide: Best Practices for Developing 
and Managing Capital Program Costs, GAO-09-3SP, March 2, 2009.

Module01-Cost-Est-Basics-exercises.xls#Q_8
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Work Breakdown Structure (WBS)

• Work Breakdown Structure (WBS)
– Structure for relating job tasks to each other and relating 

project costs at the summary level of detail

– Common framework for specifying the objectives, labor, 
materials, and contracts of the system/program

• Structure defining the total program/system 

• Detailed definitions of individual elements required

• WBS may vary by program and project phase

• WBS  Cost Element Structure (CES)

• MIL-STD-881C is the standard guidance
– MIL-STD-881C  has been a DoD standard or just a 

handbook/guidance at different points in time

– Excellent resource for WBS components/content

– Examples by commodity

3

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results
MIL-STD-881C, “Work Breakdown Structures for Defense Materiel 

Items,” DoD, October 3, 2011.

Module01-Cost-Est-Basics-exercises.xls#Q_3
CEBoK-Glossary.xls#work_breakdown_structure
CEBoK-Glossary.xls#work_breakdown_structure
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Purpose of a WBS

• Displays and defines the system/program to be 
developed as a product-oriented family tree
– Includes hardware, software, support, and/or service 

elements

– WBS should encompass complete life cycle of the 
system/program

– CARD (or similar document) describes program plan

• Establishes control accounts and work packages 
that define the product
– Organizes physical work packages into levels that sum 

into control accounts

– Forms the basis for Earned Value Management (EVM)

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

15

Module15-EVM.ppt#21
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Purpose of a WBS

• Relates the work scope elements

– Clarifies relationships of components and 

relationship of the tasks to be completed

• To each other and to the end product(s)

• Key to developing/tracking costs

– Provides financial reporting framework

• MIL-STD-881C required for CSDRs, CPRs

– Assists in tracking:

• Resource allocations

• Expenditures

• Status of efforts

• Cost performance

Unit I - Module 1 47

15

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

4

Module15-EVM.ppt#21
Module04-Data-Collection.ppt#34
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Aircraft Example: WBS

• The WBS is the framework and 

guideline for the estimate

• Helps to:

– Make sure everybody is talking about 

the same thing (Normalization)

– Ensure that every cost is estimated

WBS #

1.0 Aircraft System

1.1 Air Vehicle

1.2 Systems Engineering

1.3 Program Management

1.4 System Test and Evaluation

1.5 Training

1.6 Data

1.7 Peculiar Support Equipment

1.8 Common Support Equipment

1.9 Operational/Site Activation

1.10 Industrial Facilities

1.11 Initial Spares and Repair Parts

MIL-STD-881C

1.1 Air Vehicle

1.1.1 Airframe

1.1.2 Propulsion

1.1.3 Vehicle Subsystems

1.1.4 Avionics

1.1.5 Armament/Weapons Delivery

1.1.6 Auxilliary Equipment

1.1.7 Furnishings and Equipment

1.1.8 Air Vehicle Software Release 1…n

1.1.9 Air Vehicle Integration, Assembly, Test, and Checkout
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Warning: Evolving WBS is acceptable, 

but revolutionary WBS changes are 

destructive and disruptive.
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Work Breakdown Structure (WBS)

Early Development
• WBS development should start early in the 

conceptual stages of the program

– Provides structure to the design requirements and 

functional architecture

• WBS evolves as system/program evolves

– Iterative analysis of the development strategy, 

objectives, and requirements

– Detailed definition of technical objectives and 

specification of work tasks for each WBS element

– Depth (i.e., number of levels) of WBS will tend to 

increase as program matures

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results
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Work Breakdown Structure (WBS)

Continued Development
• As the program/system matures

– Engineering efforts focus on system-level performance 

requirements and top-level specifications

– Major subsystems and configuration items are identified 

– WBS continues to be defined at lower levels

– Eventually the total system definition is complete

• During production, maintain and update the WBS

• WBS Dictionary

– Develop WBS dictionary while developing WBS

– Revise periodically to incorporate changes and current 

status of the program throughout the program's life

Tip: Dictionaries are often overlooked 

but are a critical component of a WBS

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results
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Program/System Baseline Definition

• All information required to do estimate

• Baseline definition process:

– Programmatic scope of estimate

• Phases estimated

• Schedule

• Contract strategy

– Technical scope of estimate

• Program requirements and design / build parameters

• Hardware, Software, and Service deliverables

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results
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Program/System Baseline Definition

• Baseline definition process:

– Detailed description of any analogous 

systems

– Technical/performance, schedule, and 

cost risk

– Manpower requirements

– Operational concept

– Deployment details

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results



© 2002-2013 ICEAA.  All rights reserved.

v1.2

Unit I - Module 1 53

Program/System Baseline Definition

• Baseline definition process:

– Logistics support

– Cost and Software Data Reporting 
(CSDR) Plan

– Training plan

– Test and evaluation plan

– Environmental impacts

– Track to the original baseline

7

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module01-Cost-Est-Basics-exercises.xls#Q_7
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• Before an estimate is performed, you need a baseline  
• Includes everything you need to do a cost estimate

– Description of aircraft
– WBS
– Similar previous aircraft
– Available manpower
– Concept
– Schedule
– Testing: engines, wing stiffness, safety systems
– Risks: staff retention, complex power design, etc.
– Future support: spare parts, maintenance

Aircraft Example: Baseline

Are all stakeholders on the same page? Use a CARD!
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Baseline:  CONOPS

CEA 02 Technical Baselines, Jason Dechoretz, Sam Toas, Greg Hogan, SCEA/ISPA, 2012.
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Baseline:  Diagrams and Parameters

TRANSPONDER

REACTION
WHEEL

PCU

RMU
TRIPLEXER

BDP

RAP

L3
BDA

BDY
L1

RF

Tx1

BATTERY

CLOCK

SCP

RMU

L2

BDA Rx

GYRO

CTDU

NDU

FSDU

RCS TANK

ITS Tx
LBS / ITS Rx ANT

CES

SOLAR ARRAY Tx2

-Y

+X

-X

+Y

TT&C FWD

BDY SUNSHADE

SHUNT

MAGNET

CXD

MASS SIM

S/A
DRIVE

RCS THRUSTER

Subsystem/Components
Baseline
Weight,

lbs

Modernization Architecture

Weight
, lbs

Design 
Margin 
Weight, 

lbs

Total 
w/ 

Margin
, lbs

Spacecraft Processor (SCP) 35.8 37.0 0.0 37.0

Telemetry Tracking and 
Control (TT&C)

108.5 115.7 6.9 122.6

ADCS 110.5 117.8 0.9 118.7

Reaction Control System 
(RCS)

111.0 148.4 6.4 154.8

Electrical Power (EPS) 756.4 916.3 149.1 1065.4

Thermal Control (TCS) 91.5 95.1 13.6 108.7

CEA 02 Technical Baselines, Jason Dechoretz, Sam Toas, Greg Hogan, SCEA/ISPA, 2012.
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Data Collection and Analysis

• Data Collection

– Obtaining data

– Normalizing data

• Data Analysis

– Methods and process

4

Tip: These two steps of the process go hand in hand 

and are somewhat iterative.

5

6 8

4
WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module04-Data-Collection.ppt#1
Module05-Inflation.ppt#1
Module06-Data-Analysis.ppt#1
Module08-Regression.ppt#1
Module01-Cost-Est-Basics-exercises.xls#Q_4
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Data Collection

• Understand total picture of estimating task
– Intended use of the estimate

– Scope of the estimate

• Establish cost element structure
– Based on WBS

• Understand estimating techniques and data 
collection needs
– Identify proposed estimating technique(s)

– Identify potential data sources

4

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module04-Data-Collection.ppt#28


© 2002-2013 ICEAA.  All rights reserved.

v1.2

Unit I - Module 1 59

Data Collection and Normalization

• Develop data collection plan
– Ensure sources identified for all needed cost 

elements

– Identify alternative/backup data sources

– Identify sources for cross-checks

– Establish a timeline/schedule

• Collect the data

• Normalize the data
– Make data consistent and comparable

– Types of normalization include adjustments for 
Escalation, Cost Units, Sizing Units, End Items 
for Homogeneity, Learning, State-Of-
Development Variables, and Key Groupings

4

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module04-Data-Collection.ppt#33
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Aircraft Example: Data Collection

Start with 
Aircraft WBS

Examine methods 
for data needs

Find costs from 
historical aircraft

Verify source and 
type of data

Normalize for 
consistency

Use data to build 
estimating methods
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Data Analysis

• Scatter plot the data
– Develop visual depiction of the relationships in 

the data

• Calculate descriptive statistics
– For example, mean and standard deviation

• Look for outliers
– Points far from the center of the data

• Compare to history
– Standard factors, rules of thumb, other historical 

data

6
14

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module06-Data-Analysis.ppt#25
Module01-Cost-Est-Basics-exercises.xls#Q_14
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Cost Element Methodology

• Select estimating methodology based on 
available data

• Primary cost estimating techniques or 
methodologies
– Analogy

– Parametric

– Engineering build-up

– Extrapolation from actuals

• Other methods 
– Expert opinion

2

8316

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module02-Cost-Est-Techniques.ppt#8
Module08-Regression.ppt#12
Module03-Parametrics.ppt#7
Module01-Cost-Est-Basics-exercises.xls#Q_16
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Aircraft Example:

Estimating Techniques
• Analogy

– Model X100 series jet engines have only been used on one 

other plane, but weight is 100% higher on this model; estimate 

twice the cost

• Parametric
– As shown, need to estimate 2 lb

brake rotors, should be roughly $4M

from regression curve

• Engineering Build-Up

– Know Air Conditioning (AC) system costs on plane because 

received quotes from HVAC vendor for all duct work and AC 

blower off the shelf

• Extrapolation from Actuals

– EVM EAC for current Development effort

Parametric Estimate

0

2

4

6

8
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12

0 2 4 6 8 10

Parameter (ie. weight)

C
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Model Development and Validation

• Develop model with appropriate costing 
techniques

• Validate estimate
– Crosscheck with historical data for similar 

programs, another estimating methodology, or 
another model

– Compare estimate with industry “rules of thumb”

– Crosscheck proprietary models with Excel 
backups

17

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module01-Cost-Est-Basics-exercises.xls#Q_17
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Results and Report Generation

• Document the estimate
– Written justification of the estimate

– Well-documented estimate withstands scrutiny 
and increases credibility

• Documentation of cost model as you go along helps 
with this step

– Provide sufficient information to replicate the 
estimate

• Develop results and report at appropriate 
level of detail
– Crisp, complete, and easy to comprehend

– Address important details

– Convey competence

• Create briefing charts

13

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module01-Cost-Est-Basics-exercises.xls#Q_13
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Results and Report Generation

• Conduct other analysis
– Cost As an Independent Variable (CAIV)

• Making performance and schedule a function of 
available resources

– Sensitivity analysis
• Tool for determining effect of changes for decision-

making

– Risk analysis
• Analyzing technical, schedule, performance and other 

risks

• Used to adjust cost estimate

• Final result is defensible cost estimate for 
decision making

16

9

WBS

Baseline

Data 

Collection

Data 

Analysis

Methodology

Model

Results

Module16-Cost-Mgt.ppt#29
Module09-Risk.ppt#16
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Aircraft Example: Results

• Enables decision makers to:

– Fully understand scope of program

– Determine what design approach to take

– Quantify relative costs of each design

– Identify risks 

– Build defensible budget

– Put resources where they are most needed
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Cost Estimating Basics Summary

• Rigorous and systematic estimating facilitates 
understanding

• Quality and accuracy depend on the expertise of the 
estimator
– Estimator must understand complexity, technology, and 

programmatic issues

• Don’t lose sight of the trees for the forest
– Leaving out components

– Double-counting components

– Forgetting integration costs

• Maintain ability to reproduce the estimate

• Estimator must understand all estimating methods 
applied
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Cost Estimating Certification

• International Cost Estimating and Analysis Association 

(ICEAA) offers two important professional certifications

– Professional Cost Estimator/Analyst (PCEA)

– Certified Cost Estimator/Analyst (CCEA)

• Combination of educational and job experience 

requirements

– Minimum 2 years for PCEA, 5 years for CCEA

• Exams held regularly in April, June, and November

• More details on ICEAA website under Certification

– https://www.iceaaonline.org/certification/

“What ever it is you're gonna become, become the best at it. If you're 
gonna be a garbage man, be the best garbage man.”

-Dr. Martin Luther King, Jr.

So you want to be a cost analyst…

https://www.iceaaonline.org/certification/
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Resources

• GAO Cost Estimating and Assessment Guide: Best 
Practices for Developing and Managing Capital 
Program Costs, GAO-09-3SP, March 2, 2009

– http://www.gao.gov/products/GAO-09-3SP

• Cost Estimating Handbook, 2nd ed., Rodney D. 

Stewart, Wiley, 1991

• Engineering Cost Estimating, 3rd ed., Phillip F. 

Ostwald, Prentice-Hall, 1991

• DoD MIL-STD-881C “Work Breakdown Structures for 

Defense Materiel Items,” 3 October 2011

http://www.gao.gov/products/GAO-09-3SP
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Resources – Agencies

• Oversight agencies

– ODASA-CE, http://asafm.army.mil/

– NCCA, http://www.ncca.navy.mil

– AFCAA, http://www.saffm.hq.af.mil/

• Budget/financial organizations
– GAO, http://www.gao.gov
– OMB, http://www.whitehouse.gov/omb
– USD(C), http://comptroller.defense.gov/
– DCAA, http://www.dcaa.mil

http://asafm.army.mil/
http://www.ncca.navy.mil/
http://www.saffm.hq.af.mil/
http://www.gao.gov/
http://www.whitehouse.gov/omb
http://comptroller.defense.gov/
http://www.dcaa.mil/
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Resources – Regulatory

• United States Code (USC) Title 10 Armed Forces, Subtitle A 

General Military Law, Part IV Service, Supply, and 

Procurement, Chapter 144 Major Defense Acquisition 

Programs, Section 2434

– Independent Cost Estimates

– Operational Manpower Requirements

• USC Title 50 War and National Defense, Chapter 15 

National Security, Subchapter III Accountability for 

Intelligence Activities, Section 415a-1 Budget treatment of 

costs of acquisition of major systems by the intelligence 

community

– Independent Cost Estimates required for major systems, must be 

updated as circumstances dictate

– Must budget to the ICE or explain why not!

http://www.law.cornell.edu/uscode/text/50/415a-1.

http://www.law.cornell.edu/uscode/text/10/2434.

http://www.law.cornell.edu/uscode/text/50/415a-1
http://www.law.cornell.edu/uscode/text/10/2434
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Resources – Regulatory

• United States Code (USC) Title 40 Public Buildings, 

Property, and Works, Subtitle III Information 

Technology Management

– Incorporates Clinger-Cohen Act (CCA) of 1996

– Establish Chief Information Officer (CIO) position for federal 

agencies

– Simplify acquisition procedures for IT

– Require “economic analysis that includes a calculation of the 

return on investment” for major automated information 

system (MAIS) programs at Milestones A and B

http://www.law.cornell.edu/uscode/text/40/subtitle-III.

Defense Acquisition Guide (DAG) 7.8 The Clinger-Cohen Act (CCA) – Subtitle III of Title 40 
United States Code (U.S.C.), https://acc.dau.mil/CommunityBrowser.aspx?id=511635.

http://www.law.cornell.edu/uscode/text/40/subtitle-III
https://acc.dau.mil/CommunityBrowser.aspx?id=511635
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Resources – Policy

• DoDD 5000.01 “The Defense Acquisition Systems,” 20 

November 2007

– http://www.dtic.mil/whs/directives/corres/pdf/500001p.pdf

• DoDI 5000.02 “Operation of the Defense Acquisition 

System,” 8 December 2008

– http://www.dtic.mil/whs/directives/corres/pdf/500002p.pdf

• Defense Acquisition Guidebook, 9 October 2012

– https://dag.dau.mil/

http://www.dtic.mil/whs/directives/corres/pdf/500001p.pdf
http://www.dtic.mil/whs/directives/corres/pdf/500002p.pdf
https://dag.dau.mil/
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Resources – Policy

• DoD 5000.04-M-1 “Cost and Software Data Reporting 

Manual,” 4 November 2011 

– http://www.dtic.mil/whs/directives/corres/pdf/500004m1.pdf

• DoDI 7041.3 “Economic Analysis for Decision 

Marking,” 7 November 1995

– http://www.dtic.mil/whs/directives/corres/pdf/704103p.pdf

• CJCSI 3170.01H “Joint Capabilities Integration and 

Development System,” 10 January 2012

– http://www.dtic.mil/cjcs_directives/cdata/unlimit/3170_01.pdf

Unit I - Module 1 75

http://www.dtic.mil/whs/directives/corres/pdf/500004m1.pdf
http://www.dtic.mil/whs/directives/corres/pdf/704103p.pdf
http://www.dtic.mil/cjcs_directives/cdata/unlimit/3170_01.pdf
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Related and Advanced Topics
• Government Cost Organizations

• Related Disciplines

• “Hilbert’s Problems” for Cost 

Estimating

• Technology Readiness Levels 

(TRLs)
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• Office of the Secretary of Defense Cost Assessment and Program Evaluation 

(OSD CAPE)

– Milestone review authority, has oversight of DoD service cost centers

• Office of the Director of National Intelligence CAIG (ODNI CAIG)

– Provides ICEs and other independent cost assessments to the DNI for programs 

funded by the National Intelligence Program (NIP)

• Office of the Deputy Assistant Secretary of the Army for Cost and Economics 

(ODASA- CE)

– Prepares CCA and briefs results to the CAPE

– Army Cost Review Board works with the Assistant Secretary of the Army (Financial 

Management) to develop Army cost position briefed to the CAPE

• Naval Center for Cost Analysis (NCCA) 

– Develops ICEs for ACAT ICs and chairs Navy CAPE review

– Holds a reconciliation meeting prior to the formal CAPE meeting

• Air Force Cost Analysis Agency (AFCAA)

– Air Force Cost Directorate, SAF/FMCC, prepares the AF cost position,

after reconciliation with the System Program Office estimate
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Adapted from “Cost Estimating in the Office of the Director of National Intelligence,” J.G. Pennett, Aerospace Corporation, Aug 2005.
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Level Entity Estimates / Budgets Estimate Scope Risk D
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Government
Executive (OMB), 
Legislative (CBO, 
GAO)

studies, PB TOA Deficit/Surplus 5

Department OSD CAPE,
ODNI CAIG ICE, CBJB Other Indirects* Department Reserve, 

"unknown unknowns" 4

Mission Service/Agency/
Office

CCA, capability trades 
(between portfolios), 
IPBS

Linked Indirects Service Reserve, 
"known unknowns" 3

Architecture Directorate/PEO Capability trades 
(within portfolio)

PEO Support,
related programs Portfolio Reserve 2

Program Program Office POE, AoA, "should 
cost," initial budget

PMO, SETA/FFRDC, 
ECPs, future 
contracts, O&S

Program Reserve, 
Risk Register not 
conflated

1

Contract Contractor Proposal, ECPs
What is specified in 
the RFP (Cost+Profit 
= Price)

More opportunities 
than risks, "Price To 
Win"*

-

*"Big TOC" only. *This assumes competitive 
environment, Cost Plus contract.  
Contractor stance may vary.

• Each organization has its own mandate, which affects the scope 

of its estimate and treatment of risk therein Public Estimates:  Press, 
Think Tanks, Academia
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Related Disciplines: Mathematics

• Cost Estimating

– Applied analysis

– Mental models for 

“messy” data analysis

– Non-repeatable 

experiments

– Vitally important 

application of math

• Mathematics

– Abstract analysis

– Axioms and postulates 

for proof of theorems

– Repeatable 

experiments

– Probability and 

statistics are the 

language of cost 

estimating and risk 

analysis
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Cost estimators don’t get 
to not answer!

Mathematical Association of America (MAA), http://maa.org.  American Mathematical Society (AMS), http://www.ams.org.

http://maa.org/
http://www.ams.org/
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Related Disciplines: OR

• Cost Estimating

– Costs are 

inevitabilities that 

must be planned for

– Quantification of 

costs and associated 

uncertainty

• Operations Research

– Costs are the result of 

decisions and can be 

optimized

– Modeling and simulation

– Optimization techniques

– Decision analysis 

techniques
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Institute for Operations Research and the Management Sciences (INFORMS), 

https://www.informs.org.

http://www.ams.org/
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Related Disciplines: Economics

• Cost Estimating

– Market-independent

– Fair costs

– Economics-free 

comparisons

– Graphical and 

quantitative analysis 

of trends

• Economics

– Market-dependent

– “Whatever the 

market will bear”

– Index numbers for 

escalation

– Discount rates

– Exchange rates
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American Economic Association (AEA), http://www.aeaweb.org/.

http://www.aeaweb.org/
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Related Disciplines: Accounting

• Cost Estimating

– Total effort

– Fair rates

– Accurate, responsive 

cost models

– Setting the baseline

– Accountability of program 

mgt to taxpayers

– “Estimate as

you execute”

– Primary consumer of cost 

actuals

• Accounting

– Detailed costs

– Auditable rates

– Precise, responsive 

financial systems

– “Closing the books”

– Accountability of 

expenditures to taxpayers

– “Proper” accounting 

structures

– Management accounting 

techniques
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Where did the 

money go?

American Institute of Certified Professional Accountants (AICPA), http://www.aicpa.org/.  

Institute of Management Accountants (IMA), http://www.imanet.org/.

http://www.aicpa.org/
http://www.imanet.org/
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Related Disciplines: Budgeting

• Cost Estimating

– Associating 

resources with 

requirements

– Program 

management

– Intra-program 

decision-making

– Realistic estimates

– “If we were to do it,…”

• Budgeting

– Associating 

resources with 

programs

– Portfolio 

management

– Inter-program 

decision-making

– Cost and risk data

– “Should we do it?!”
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Where should
the money go?

American Society of Military Comptrollers (ASMC), http://www.asmconline.org/.

http://www.asmconline.org/
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Related Disciplines: Computer Science

• Cost Estimating

– Cost and Risk 

Models

– Customers = 

Decision Makers

– Estimating the 

Software 

Development 

Process

• Computer Science

– Verification and 

Validation (V&V)

– Customers =

Users

– Engineering the 

Software 

Development 

Process
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Institute of Electrical and Electronics Engineers (IEEE), http://www.ieee.org/.

http://www.ieee.org/
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Related Disciplines: Engineering

• Cost Estimating

– Probabilistic

– Correlation

– Distributions

– Cost margins (risk)

– Cross-checks

– Cost drivers

– Graphical and 

parametric analysis

– Risk analysis

• Engineering

– Deterministic

– Causation

– Point designs

– Design margins

– Testing (V&V)

– Design parameters

– Understanding of 

system design

– Risk management
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International Council on Systems Engineering (INCOSE), http://incose.org/.  American Institute of Aeronautics and Astronautics 

(AIAA), https://www.aiaa.org/.  American Society of Naval Engineers (ASNE), https://www.navalengineers.org/.

Module09-Risk.ppt#72
http://incose.org/
https://www.aiaa.org/
https://www.navalengineers.org/
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Related Disciplines: Marketing

• Cost Estimating

– Beholden to the truth

– Unbiased

– Quantitative

– Quantify cost 

savings and 

avoidance

• Marketing

– White lies

– Optimistic

– Qualitative

– Customer 

preferences (VoC)

– Presentation of 

defensible estimates
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“Hilbert’s Problems” for Cost Estimating

• Professional Identity
– Body of knowledge

– Community of practice

– Analyst paradox

– Integrity

• Analytical Techniques
– Double analogy

– Theoretical probabilistic 
underpinnings

– Standardization of CERs

– Thought experiments

– “Grand unified theory” of 
learning curves

– “Grand unified theory” of 
estimate at complete (EAC)

– Physics-based estimating

– Emerging technology

• Cost Estimating 
Implementation
– Meta-cost estimating

– Data rights management

– Epistemology of cost 
models

– Blended cost models

• Integration with Other 
Disciplines
– “Self-fulfilling prophecy”

– The assumption of 
skewness in risk

– Portfolio management

– Impact of incentives on 
contract cost

– Uncertain partnership with 
cost management

“Hilbert’s Problems for Cost Estimating,” P.J. Braxton, 

R.L. Coleman, SCEA/ISPA, 2007.
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TRL 9 Actual system “flight proven” through successful mission operations

TRL 8 Actual system completed and “flight qualified” through test and demonstration

TRL 7 System prototype demonstration in the real environment

TRL 6
System/subsystem model or prototype demonstration  in a relevant 

environment

TRL 5 Component and/or breadboard validation in relevant environment

TRL 4 Component and/or breadboard validation in laboratory environment

TRL 3
Analytical and experimental critical function and/or characteristic proof-of-

concept

TRL 2 Technology concept and/or application formulated

TRL 1 Basic principles observed and reported

Technology Readiness Levels (TRLs)

4
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