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Presentation Purpose
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 Information and opinions presented are that of the 
presenter and do not represent an official government 
or company position.
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GAO recommends DoD adopt NASA TRL to assess technology maturity
DUD issues memorandum endorsing use of TRLs in new programs
Legislation mandates DoD certify technology is at RL 6, before system design
GAO issues report concluding premature application of technologies is reason for cost growth

1999
2001
2006
2007

GAO Report to Congressional Committees, March 2006, Defense Acquisitions, Assessments of Selected Major Weapon Programs
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Programs demonstrated all critical technologies mature at start of product development
Programs that attained Knowledge Point 1 (all critical technologies mature) at PoC
Programs that attained KP1 at production decision

10%
43%
67%

GAO Report to Congressional Committees, March 2006, Defense Acquisitions, Assessments of Selected Major Weapon Programs
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GAO Report to Congressional Committees, March 2006, Defense Acquisitions, Assessments of Selected Major Weapon Programs

GAO, Knowledge Based Approach
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GAO Report to Congressional Committees, March 2016, Defense Acquisitions, Assessments of Selected Major Weapon Programs

Most programs not fully following Knowledge Based acquisition approach as recommended
Many programs conducting H/W and S/W development during production
DoD is making progress as Knowledge Based acquisition is implemented
80% of cost growth attributed to programs with initial IGEs > 5 years ago

1
2
3
4
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GAO Report to Congressional Committees, March 2016, Defense Acquisitions, Assessments of Selected Major Weapon Programs

Metrics are measure of cost performance on % basis over three defined periods: 
Preceding year, Preceding 5 years, Since first full estimates were established

Meet the threshold for less than 2 percent growth in the past year
Meet the threshold for less than 10% cost growth in past 5 years
Meet the threshold for less than 15% cost growth since full estimate (2008)

76%
72%
47%
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 Original acquisition concept
 Support from System Engineering and Program Management
 Multiple contractors, independent concepts
 PoC results in System TRL 5-6, possible down select, transition to PD
 PD results in System TRL 8-9, production decision, possible down select

 Directorate impatience with prolonged schedule
 Suggests parallel technology maturity and system development efforts
 Does not address viability of concepts
 Tepid support from SEPM (reduced budget, increased risk)

 SEPM responds
 Addresses budget constraint, considers GAO 

recommendations, legislation
 Proposes ID of “critical technologies’ for maturation
 Program renamed “Technology Risk Reduction”
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 Does the technology directly impact a system functional 
requirement?

 Do the limitations in the understanding of the technology result 
in a potential schedule risk; i.e. the technology may not be ready 
for insertion when required?

 Do limitations in the understanding of the technology result in a 
potential cost risk; i.e. the technology may cause significant cost 
overrun?

 Are there uncertainties in the definition of the end state 
requirements for this technology?

 Is the technology new or novel?
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 Congress takes cost overruns seriously, wants answers and 
mitigation plans

 GAO responds with annual reports and continued 
recommendation of Knowledge Based Acquisition

 NASA’s contribution is well defined TRLs
 Congress has legislated based on GAO recommendations 

and NASA TRLs (2006)
 DoD has made significant progress in reigning in overruns 

across the portfolio
 Programs that fail to fully implement Knowledge Based   

Acquisition continue to overrun
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White Papers

Concept Reviews

M&S

Existing / Mass Model 
Technologies

Lab Demo

Combined New 
Technologies

Lab Demo

TRL Provides a scale against which to measure the maturity of a technology
TRLs range from 1, Basic Technology Research, to 9, Systems Test, Launch, and Operations
Typically, a TRL of 6 is required for a technology to be integrated into an operational system

1
2
3
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System Test, 
Simulated 

Environment

Initial
Test

Operational
Test

System Acceptance
Test
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TMA is used to determine technology maturity via TRL scale
TRL is lowest level of fidelity of technology maturation

1
2
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1

Technology Maturity Assessment (TMA)
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 TRL is the accepted measurement of technology maturity
 Knowledge Based Acquisition requires TMAs 
 Lowest fidelity of technology maturation measurement is 

its integer TRL
 Technology Readiness is not the same as System Readiness
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1
2
3

AIAA SPACE 2009 Conference & Exposition14 - 17 September 2009, Pasadena, CA
Estimating Technology Readiness Level Coefficients
Dr. Edmund H. Conrow, CMC, CPCM, CRM, PMP*
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Assumption: % Maturity maps to % 
Development Cost
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Basic Technology Research, Begin Research to Prove Feasibility mapped to TRL 2
Technology Development, Research to Prove Feasibility Complete mapped to TRL 5
Technology Demonstration mapped to TRL 6
System IOC, System Commissioning mapped to TRL 8 and 9 respectively

1
2
3
4

Assumption: Identified milestones 
accurately mapped to TRL
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Concept definition presentation mapped to TRL 2
Technology Risk Reduction effort complete mapped to TRL 5
Product Development complete, production decision mapped to TRL 9

1
2
3

Sunk
Cost

Agency R&D Sunk 
Cost + Prime 

Contractor TRR 
effort cost ceiling
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Concept definition presentation mapped to TRL 2
Technology Risk Reduction effort complete mapped to TRL 5
Proof of Concept complete mapped to TRL 6
Product Development complete, production decision mapped to TRL 9

1
2
3
4

Sunk
Cost

Agency R&D Sunk 
Cost + Prime 

Contractor TRR 
effort cost ceiling

Agency R&D Sunk 
Cost + Prime 
Contractor 

proposed PoC
price

Contractor 
proposed PoC + 

PD price
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CER maps well TRL 1 through 7
CER maps less well TRL 8 and 9

1
2

TRL vs Percent Dev Cost Final.pptx

Smoothed 
data point
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One of the Big Ones
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CeBoK: Equation for an Analogy

Analogies have a basic formula, described below:
E = A * F = A * Pe/Pa

Where:
E = cost estimate for the current program
A = cost of the analogy
F is factor or ratio
Pe is parameter for the estimated system
Pa is parameter for the analogy system

Prerequisites:
 A must be actual for a successful 

program and must be a 
justifiable analogy for E

 P must be an acceptable or 
intuitively valid cost driver
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Cost Reimbursement contract that provides for a fee award amount 
based on a judgmental evaluation by the government

Sufficient to provide motivation for excellence in contract performance
Factors that can be incentivized:
 Cost
 Delivery
 Performance (Achieved TRL)

CFAF is the perfect vehicle for incentivizing contractor 
performance where a specific TRL level is the goal.
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 TRL cannot be used directly to estimate cost
 There is a relationship between TRL and % development 

cost
 Analogy is the recommended methodology for estimating 

Early Stage programs and TRL is a useful factor
 TRL 6 represents only 40% of development cost
 Programs with a TRL goal are well suited for CPAF type 

contract vehicle
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Technology Readiness Level  (TRL) vs. 
Percent Development Cost
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