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The Challenge As We See It 

• Governments spend a nontrivial amount to fund scientific 
research but assessing the ultimate impact of that science is 
difficult 
• “Waiting for the moonshot” 

• Especially for Big Science programs 

• Are mid-term assessments feasible?   
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In the Background: “Selling Science” 

• Research funding ultimately a congressional responsibility 

• Members of Congress motivated by “electoral connection,” 
incentive to direct funding to constituents 
• Politics of the pork barrel: bias to majority, institutional power 

• Hypotheses:  
• Success at selling science (persuade MCs to keep hands off) 

contingent on ability to distinguish good science from bad 

• Cross-agency variation in political influence explained by 
differences in ability to distinguish, not geographic scope of work 
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What Do Program Directors/Officers Think? 

• Consistently supportive of the need to measure longer-term 
impact and the need to develop a better system  for doing so 

• …greatest challenge in measuring the impact of funded science? 
• “We have the wrong metrics and the timeline is too long.” 

• …considering the impact or “success” of funded projects, do you make 
distinctions between short-, medium-, and long-term impacts? 
• “Yes. The challenge is that NASA Science is looking at the longer term. Decision 

makers often are not.” 

• …useful to think about assessing the impact of research at different stages 
of development? 
• “Yes, but right now decisions are made based on informed opinion rather than data” 

 



What Are We Proposing? 

• A “waypoints” approach to impact measurement  
• Bayesian logic: what does “hitting a mark” tell us?  Information 

value, false positive, false negative 
• Standard logic of academic assessment 

• First task: identification of short- and intermediate-term 
outcomes that predict valued research endpoints  
• First-order empirical question 

• Second task: understand how an approach will influence the 
grant-making process 
• Characterize incentive to game the assessment process 
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The Innovation Game 

• Project A has been funded 

• Two players: 
• PI (Principal Investigator) wants project funding 

• PM (Program Manager) wants to maximize (expected) innovation  

• PI decides whether to pursue waypoint 
• Pursuit of waypoint can affect innovation rate (up or down) 

• Outcome (yes/no) observed but not PI’s decision 

• PM observes waypoint outcome, makes funding decision 
(new draw) 

• Solve for outcomes using Perfect Bayesian Equilibrium 
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Types of Waypoints 

Accuracy of negative signal = 1 – p(false neg) 

Accuracy of positive signal  
= 1 – p(false pos) 

Sufficient:  
  low false pos 
  high false neg  

Inferior:  
  high false pos 
  high false neg  

Optimal:  
  low false pos 
  low false neg  

Necessary:  
  high false pos 
  low false neg  



Analytic Questions 

• When is a waypoint useful (PM strategy of conditioning 
funding decision on positive waypoint increases expected 
innovation rate) 

Variation as function of: 

• Waypoint characteristics (diagnosticity, false pos, false neg) 

• Impact of waypoint pursuit on innovation rate 

• Attractiveness of alternate projects (base rate) 
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Preliminary Findings 

• Waypoints can be useful to PM even when they might give 
wrong answer 

• Relevance of waypoints to PM does not drive pursuit by PI 
• Impact on innovation rate, availability of alternate projects 

• Usefulness of waypoints depends on context: 
• When alternative project is attractive, prefer sufficient waypoints 
• When alternative unattractive, prefer necessary waypoints 

• Programs that can sell science are those that have the right 
waypoints 
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Empirics: Commercialization of ISS Research 

• Commercialization Endpoint:  defined as entry into commerce 
of an ISS-related innovation for a non-space, non-NASA 
market (14 out of 318) 

•  Candidate waypoints: Patents, Citations, Publications in high-
impact outlets 
• Conditioning Factor: Sector of PIs (corporate vs. academic) 

• NASA-funded project must play a significant role in origin of 
the innovation (not mere testing of an off-the-shelf product) 



Fun With Data 



Empirics: unexpected results 

• Robust private-sector engagement 
• Different motivations for large companies v. small companies 

• Doing science v. enabling science 
• Astronaut Don Petit: “engineering research” goes unrecognized 

• Non-linear innovation pathways 
• KES Science’s AiroCide® ethylene-mold removal system  

• Key contributions by small and medium enterprises (SMEs) 
• AMS enabled by small entities such as Space Cryomagnetics Ltd. 
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Results from Multivariate Logistic Regression 



Next Steps 

• Findings so far: 
• Waypoints are not created equal 

• But clear analytic potential 

• Impact of second-order effects: availability of alternates 

• Expand: 
• Additional waypoints: follow-on funding (SBIR, etc.) 

• Full accounting for game-ability of waypoints 

• Particularly for ISS program, PI incentives to reach endpoint 

• Add endpoints: scientific discovery, engineering research 
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Policy Implications 

• A new way to make the case for scientific research: beyond 
broader impact and waiting for moonshots 
• Contrast with NASA’s attempts to justify ISS 

• Accept that some programs cannot be protected from 
political influence without additional work 
• Vital role for peer review process 

• Innovation as incremental process rather than one-and-done 
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