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Random Stuff Happens

• High technology projects are complex and fragile � small 
things can have large negative consequences

• We cannot foresee, with any reasonable reliability, what will 
cause cost growth or how extreme that growth will be

• 14% probability of extreme cost growth per history, yet most 
cost risk analyses assume lower probability
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Complex systems are full of interdependencies � hard to 
detect � and nonlinear responses. � Man- made complex 
systems tend to develop cascades and runaway chains of 
reactions that decrease, even eliminate, predictability and 
cause outsized events.
Nassim Taleb, � Antifragile �



Case Study: HST

• Complex Management Interface
– Two Primes: Lockheed & Perkin -Elmer
– Two NASA Centers: MSFC (Spacecraft, Telescope, Integration); GSFC 

(Science Instruments, Ground System)

• Assumed Use of Existing/Standard Hardware did not Materialize

• Original Estimate did not Include Sufficient Spares

• Large Weight Margin led to Assumed Cost Savings � Weight Growth 
Consumed Margin and Design had to be Light Weighted

• Telescope was Sold as Design -to-Cost with Performance as the 
Variable � However Performance was held Constant

• Telescope Contamination Requirements Increased

• Historical Data indicating High Cost for Optics, Fine Guidance 
Sensors, and Optical Structures Removed from CERs
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Cost Growth: 274% in Constant Year Dollars



Did we Learn from HST?

A History of Large Space Telescope Cost Estimates and Actuals
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Why the System Breaks
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• The management system designed to prevent 
programmatic failure breaks when independent cost 
analysis is not included in the decision process
– No healthy tension between the project management and 

programmatic analysis community
– No consideration of alternative points of view
– Often goes hand- in-hand with a lack of independent 

technical analysis
– Selling the project is more important that knowing the truth

• Failure to perform an independent cost analysis 
does not guaranty that the project will fail to 
perform, but it does increase the likelihood



Observations from DoD

• Learned Helplessness
– While a program manager is responsible for the success of a program, 

he or she is not the ultimate authority
– Program managers often have to endure changes imposed upon them 

by their bosses, as well as Congress
– This loss of control is a psychic stress that results in a sense of learned 

helplessness that can cause a program manager to lose their sense of 
responsibility

– Results in a denigration of program performance

• Program Management Durability
– DoD program managers are often military officers
– These officers are on a continual rotation cycle that takes place every 

few years
– These program managers thus do not have to “eat their own dinner” –

thus they have no skin in the game
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JCL: A NASA Success Story?

• Data from CADRe and the ONCE Database
• Average cost growth from SRR to Actuals not statistically 

different from large data set (Chart 7)
• Lack of overall cost growth from ABC to Actuals indicates that 

JCL might be working (more data needed to confirm) 19

Mission SRR ABC Actuals SRR to ABC SRR to Actuals ABC to Actuals
NuSTAR $96.2 $109.9 $104.0 14.2% 8.1% -5.4%
Landsat 8 $382.1 $587.6 $395.7 53.8% 3.6% -32.7%
IRIS $86.2 $140.7 $156.0 63.3% 81.1% 10.9%
LADEE $117.9 $168.2 $188.3 42.6% 59.6% 11.9%
MAVEN $488.7 $567.2 $467.9 16.1% -4.2% -17.5%
GPM $660.2 $555.2 $470.5 -15.9% -28.7% -15.3%
OCO-2 $225.2 $249.0 $304.6 10.6% 35.3% 22.3%
SMAP $412.0 $485.7 $469.9 17.9% 14.0% -3.2%
MMS $741.0 $857.3 $962.3 15.7% 29.9% 12.2%
Astro-H $30.0 $44.9 $51.0 49.9% 70.1% 13.5%
OSIRIS-Rex $515.7 $778.6 $648.7 51.0% 25.8% -16.7%
CYGNSS $125.0 $152.8 $90.1 22.2% -27.9% -41.0%
SAGE-III $56.8 $64.6 $81.6 13.7% 43.7% 26.3%
Average 27.3% 23.9% -2.7%

Cost GrowthData



A Predictive Model

• Can Extreme Cost Growth be Predicted Analytically?
– The hypothesis is that cost growth is often due to a misalignment of 

cost, schedule, and performance baselines early in the program
– If we could provide decision makers with a tool that could alert them to 

this fact, we could potentially avoid extreme cost growth

• Tool of Choice: Logistic Regression

• Logistic regression is a classification technique
– Algebraically, the logistic regression model has the form 

where g(x) = b0+ b1*x

– Logistic regression arose in epidemiological research, and is now 
commonly employed in business and finance, ecology, engineering, 
health policy, and linguistics

20

)(

)(

1
)( xg

xg

e
ex
��

� �S


	Being Certain about Uncertainty�(Part 2)
	Outline
	The End
	

