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Overview 
• Why measurement is hard to do 

• Designing a better system: the nascent 
approach in the US 
• Workforce Information 

• Investment information 

• (Some) initial output information 

2 



Why good measurement is hard to do 

3 



Complex conceptual framework 
 



And the data don’t exist  



The Nascent System in the U.S. 
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Brief Background: Evolution 
• 2006: Science of Science Policy established – NSTC interagency 

group plus NSF SciSIP program 

• 2008: Roadmap finds “data inadequate for decision-making” 
across all science agencies 

• 2009: ARRA reporting requirements demonstrated uneven 
capacity across agencies; STAR pilot 

• 2010: STAR METRICS established  

• 2012: 6 federal agencies, 85 research institutions (~40% of 
NSF/NIH extramural research portfolios) 



Brief Background:  
Interagency collaboration 
• Provide a better empirical basis for science policy by:   

• providing an open and automated data infrastructure 
that can be used by federal agencies, research 
institutions, and researchers, 

• documenting federal investments in science, and  

• analyzing the resulting relationship between inputs, 
outputs, and outcomes. 

 



Approach: automatically capture data about the conduct of science – 
inputs, outputs and the connections between the two 
 

Source: Ian Foster University of 
Chicago 

Scientific Workforce e.g. Patent Databa

Portfolio Explorer 
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Automated capture of scientific topics 

NSF 
proposal
s 

Topic Model: 
- Use words from 

(all) text  
- Learn T topics 

t49 
t18 
t114 
t305 
 

Automatically learned topics (e.g.): 
… 

t6. conflict violence war international military … 

t7. model method data estimation variables … 

t8. parameter method point local estimates … 

t9. optimization uncertainty optimal stochastic … 

t10. surface surfaces interfaces interface … 

t11. speech sound acoustic recognition human … 

t12. museum public exhibit center informal outreach 

t13. particles particle colloidal granular material … 

t14. ocean marine scientist oceanography … 

…  

Topic tags for 
each and every 
proposal 



Institutional Support: 
NSF SciSIP: 0830287, 0965259 
HBS: Department of Research 

Automated capture of economic outcomes 

Ingest 

Train 

Matc
h 

Compare 

Condense 

GraphML 

• Data Analysis 
• Regressions 



Approach: automatically capture data about the conduct of science – 
inputs, outputs and the connections between the two 
 

Source: Ian Foster University of 
Chicago 

Scientific Workforce 



Example for selected 
institutions  
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Nano Tech Science Topics 
Values 
nanoparticle polymer solvent polymerization 
monomer gel particle surfactant NPs solution ... Individuals 276 

Number of Awards 57 

environment environmental degradation 
contaminant pollutant concentration pollution 
toxicity nanomaterial EPA ... Individuals 152 

Number of Awards 19 

CNT nanowire nanotechnology nanostructure 
nanotube graphene carbon_nanotube nanoscale 
nanomaterial nano ... Individuals 126 

Number of Awards 32 
composite fiber polymer dispersion 
nanocomposite nanofiber matrix resin clay fabric 
... Individuals 20 

Number of Awards 5 



Information About Individuals 
Tells Us About Future Supply 
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Where did Nanotech award 
expenditures get spent? 
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DISTRIBUTION OF SUB-AWARD AND VENDOR JOBS BY INDUSTRY: Rolling 12 months thru 9/2011 

Industry 
Subawards/ 
Subcontracts Vendors Grand Total 

Accommodation and Food Services 0.0% 2.7% 0.1% 
Arts, Entertainment, and Recreation 0.0% 0.1% 0.0% 
Construction 1.3% 0.0% 1.3% 
Educational Services 93.6% 0.9% 88.9% 
Information 0.0% 0.5% 0.0% 
Manufacturing 0.0% 25.7% 1.3% 
Other Services (except Public Administration) 0.0% 2.9% 0.1% 
Professional, Scientific, and Technical Services 5.1% 42.9% 7.0% 
Retail Trade 0.0% 1.6% 0.1% 
Transportation and Warehousing 0.0% 0.1% 0.0% 
Wholesale Trade 0.0% 22.6% 1.1% 
Grand Total 100.0% 100.0% 100.0% 



 

 

Source: Ian Foster University of 
Chicago 

Portfolio Explorer 



Information about grants tells us about 
portfolio using different lenses 
• Divisions 

• Programs 

• Researchers 

• Institutions 

• Time 

• Geography 
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PATENTS 



Approach: automatically capture data about the conduct of science – 
inputs, outputs and the connections between the two 
 

Source: Ian Foster University of 
Chicago 

e.g. Patent Databa



What patents have been granted to 
NSF funded researchers 
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Drilling down into details 
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Basic Approach 
• Focus: Build coherent data infrastructure (not 

shiny tools) leverage existing systems – and 
minimize manual input 

• Unit of Analysis: Individual - Senior personnel 

• Incentives: Create value for all stakeholders to 
ensure capture of right measures and data 
quality 
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Approach: automatically capture data about the conduct of science – 
inputs, outputs and the connections between the two 
 

Source: Ian Foster University of 
Chicago 

Scientific Workforce 

Portfolio Explorer 



Supporting automated reporting using 
Auto-population 
 Auto-population is possible when existing information is 

accessible, or is made available by those who need it. 

An auto-populated report 
infrastructure will consist of a set of 
rules that will extract and synthesize 
information from a variety of sources. 

A provenance framework for 
data interpretation and synthesis 
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A solution (for report auto-population) 
will include a mix of the following 

methods 

Extraction of data from 
authoritative 
databases (HR 
systems, other) 

Extraction of data from 
non-authoritative 
sources  (publications, 
patents, etc) 
 

Synthesis of 
authoritative and 
non-authoritative 
sources 

Review and revision 
by the Principal 
Investigator (or other 
authorized individuals 

Participant incentives to share data 
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Ultimate Goals 
• Fully fledged academic field  

• Fully fledged analytical tool set in government 

 Science policy in same analytical tier as tax policy 

• Common empirical infrastructure available to all 
universities and science agencies to quickly respond to 
State, Congressional and OMB requests 

• Common scientific infrastructure for researchers to 
develop and study science policy 
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Thank you 
• Comments and questions? 
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