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Evidence Basis for 
S&T Policy 



Overview 

• Background 

• The STAR METRICS program 

• Workforce 

• Grants 

• Outputs/Outcomes 
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Brief Background: Evolution 

• 2005: Jack Marburger points out there is no “science” of 
science policy 

• 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: Why this matters 



Brief Background: Why this is difficult 
to do 

 

 

Source; Ian Foster, University of Chicago 



Brief Background: the data don’t exist  



The data don’t exist for good reason 

• No systematic documentation of inputs (who is 
supported by science funding) 

• No systematic links between inputs and outputs 

• Heavy reliance on manual reporting 

• No  systematic ability to capture outputs and 
outcomes beyond the period of an award 

• Balkanized agency systems => impossible to get 
overview of science investments 

The data infrastructure is 

inadequate for decision-making 



Brief Background: The Approach 



The Nascent System in the US 
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Goal: Provide a better empirical basis for 
science policy: 
• 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 Database 

Portfolio Explorer 



Basic Approach 

• Focus: Build coherent data infrastructure (not 
shiny tools) leverage existing systems – and 
minimize manual input 

• Unit of Analysis: Individual - Senior personnel – 
AND postdocs, graduate students and 
undergraduate students 

• 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 



Information About Individuals 
Tells Us About Future Supply 
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Figure 2: The Distribution of Occupations 



And In Which Areas 
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Table 3: Number of Individuals Working in Top 5 Research Areas 

Research Area Type Post-Docs Graduate 

Students 

Undergraduate 

Students 

All Occupations 

Astronomical Sciences Individuals 101 268 106 1203 

Award 52 97 55 216 

Mathematical Sciences Individuals 11 222 54 596 

Awards 11 99 32 244 

Cybersecurity Individuals 17 177 95 521 

Awards 9 70 38 150 

Gene Expression Individuals 61 107 95 498 

Awards 31 54 30 102 

Magnetic Field Individuals 24 140 67 348 

Awards 14 57 24 84 







Institution STAR STAR 

Pilot 

Project 
Acquisition 

And Analysis 

Direct 

Benefit 

Analysis 

Intellectual 

Property 

Benefit 

Analysis 

Innovation 

Analysis 

Jobs, 

Purchases, 

Contracts 

Benefit 

Analysis 

Detailed 

Characterization 

and 

Summary 

Institution 

Agency    Budget 

Award 

State 

Funding 

Personnel Vendor Contractor 

HR System 
Procurement 

System 

Subcontracting 

System 

Endowment 

Funding 

Financial System 

Hire Buy Engage 

Disbursement 

Award 

 

Record 

Start-Up 

Papers 

Patents 

Download 
State 

Research 

Project 

Existing 

Institutional 

Reporting 

Agency 



Star Metrics Level I – 14 Requested Data Elements 

Description 
Element ID Item 

Information on Scientists and Awards 

1 Unique Award # 

2 Recipient Account # 

3 Overhead charged 

4 De-identified Employee ID # 

5 Occupational Classification 

6 Proportion of earnings allocated to award 

7 FTE status 

Subcontracts and subawards 
 

1 Unique Award # 

2 Recipient Account # 

8 Sub Award Recipient Duns # 

9 Sub Award Payment Amount 

Payments to Vendors 

1 Unique Award # 

2 Recipient Account # 

10 Vendor Duns # 

11 Vendor Payment Amount 

Each file has a period start and end date 
that reflects the quarter or time period 

in which the transaction occurs 

12 Period Start Date 

13 Period End Date 

Information on Overhead 14 
Proportion of overhead associated with salaries (from Indirect cost rate 

proposal) 

*Each file has a period start and end date that reflects the quarter or time period in which the 

transaction occurs, NOT the start and end date of the award being reported.  

 



Basic Approach 

• Focus: Build coherent data infrastructure (not shiny 
tools) leverage existing systems – and minimize 
manual input 

• Used existing financial systems of research institutions 

• Unit of Analysis: Individual - Senior personnel – AND 
postdocs, graduate students and undergraduate 
students 

• Used HR systems of research institutions 

• Incentives: Create value for all stakeholders to 
ensure capture of right measures and data quality 

• Created reports of value to research institutions 
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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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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 



 



DIVISIONAL VIEW 

http://solmedstage.com/portfolioexplorer/index.php


National Science Foundation 
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Drill down into specific awards 

 



Which researchers – and in which 
areas? 



AGENCY VIEW 



What is being done in a particular 
topic across the entire agency? 

 



1. Broad Lessons Learned 

How can Science of Science Policy inform future 
government responses? 

Practical 

• Identifying and harnessing the right expertise 

Building data infrastructure (STAR METRICS) to help 
identify researchers 
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Basic Approach 

• Focus: Build coherent data infrastructure (not shiny 
tools) leverage existing systems – and minimize 
manual input 
• Worked within agency to pull from internal production 

systems 

• Unit of Analysis: Individual - Senior personnel –  
• No individual data on postdocs, graduate students and 

undergraduate students 

• Incentives: Create value for all stakeholders to 
ensure capture of right measures and data quality 
• Created tools of value to program managers, division 

directors 34 
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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 

e.g. Patent Database 



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 



What patents have been granted to 
NSF funded researchers – in which 
technologies? 

 



Drilling down into details 

 



Basic Approach 

• Focus: Build coherent data infrastructure (not shiny 
tools) leverage existing systems – and minimize 
manual input 

• Worked with research community to build 
outputs/outcomes of interest 

• Unit of Analysis: Individual - Senior personnel 

• Automated link to USPTO data 

• Incentives: Create value for all stakeholders to 
ensure capture of right measures and data quality 

• Developing incentives for researchers – burden 
reduction?  Name in lights? ORCID? 
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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 



Example of the capacity in 
Australia 
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Existing systems 
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Existing Data 
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Example of the capacity in 
Japan 
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Building the capacity in the US 
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Examples of the capacity in the 
US 
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The pitfalls 

• Need to paint full picture of scientific outcomes 

• => engagement of scientific community critical 

• => Open and transparent process 

• Data misuse 

• => careful presentation of results 

• Data quality 

• => full collaboration 

• => extensive use of pilots 

• Confidentiality 

• => researcher, institution and agency controls 
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Ultimate Goals 

• Fully fledged academic field  

• Fully fledged analytical tool set across government 
agencies 

• 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 

 

51 



Thank you 

• Comments and questions? 

 



Background information 
Dave Newman, UCI – and from 
Melbourne! 
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What is the topic model? 

• The topic model is an algorithm that automatically learns 
topics (themes) from a collection of documents 

 

• It works by observing words that tend to co-appear in 
documents, for example gene and protein, or climate 
and warming 

 

• The topic model assumes each document exhibits 
multiple topics 

 

• The topic model learns topics directly from the text 
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From D. Blei 
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From D. Blei 



Why is it useful? 

• Topics can help organize, search and understand a document 
collection.  One can ask: 

 

• What topics are in this document? 

 

• What documents are related to this topic? 
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Use topics to characterize things 

• One proposal or award 

• A set of proposals (in a program) 

• An NSF division 

• An investigator 

• A reviewer 

• An institution or center 

• … etc 

• And track changes over time 
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Topics vs. Keywords 

• Topics are complementary to keywords, so use both! 

• But only topics give you dimensionality reduction (represent 
proposals by top-4 topics) 

• Topics are like keyword expansion 
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Topic Modeling Process 

Documents 

(proposals, 

awards, 

etc.) 

Topic Modeling  

Algorithm (LDA) 

top-4: 

t49 

t18 

t114 

t305 

 

Automatically Learned Topics  

… 

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 … 

t15. atmospheric chemistry ozone air organic … 

…  

Topic tags for 

every word in 

every document 

6
0

 



What is a topic? 

• The topic model learns a set of topics 

• Each topic is displayed by showing its top-20 words, for 
example: 

 

• dark_matter cosmological cosmology universe dark_energy 
lensing survey CMB redshift cosmic mass galaxy scale galaxies 
gravitational measurement power_spectrum parameter 
observation structure ...  

 

• This is a topic about Dark Matter, Dark Energy and Cosmology 

 

• Note: The ellipsis indicates that the list of words continues 
61 



Example of topics in an award 

0910908: Intelligent Tracking Systems that Reason about Group 
Behavior 
 

Top-4 topics in this award: 
 (topic 400)   Computer Vision 
 (topic 512)   Small Mammals 
 (topic 319)   Tracking Systems 
 (topics 94)    Complex Systems 
 
 

The ability to reason about the complexity of living organisms in diverse environments is 
one of the hallmarks of intelligence. In this project the PI and her interdisciplinary team of 
investigators will design computer vision algorithms for intelligent tracking of large groups 
of living individuals in three-dimensional space. She will develop specific systems for 
tracking groups of microorganisms, bats, birds, and humans. And she will formulate 
machine learning methods for analyzing group behavior, specifically the conditions for 
formation and dispersal of groups, and the interactions of individuals within a group. An 
important innovative aspect of this research is the systematic and comprehensive 
approach to reasoning about the motion of large groups of living organisms observed in 
video data, independently of whether they happen to be humans, animals, or cells ... 
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Topic Labels (example) 

Finance [t300] financial bank credit tax loan insurance payment debt money finance market income banking default capital saving government crisis mortgage fund ... 

Risk Management [t301] risk risk_assessment mitigation hazard risk_management potential risk_analysis consequence high_risk probability threat measure mitigate risk_associated  

Salmon and Trout [t302] salmon pacific_northwest Pacific trout Brook River Boise rainbow MMI salmonid Spokane Willamette influence Pullman 

Plasma Physics [t303] plasma discharge plasmas gas diagnostic pulsed electron species electrode temperature power emission neutral ionization atmospheric_pressure plasma_source 

PDEs [t304] equation mathematical numerical solution mathematical_model differential_equation solve solving numerical_method discrete partial_differential 
Sequence 
Alignment [t305] sequence alignment matching string match length matche position aligned matched score align pair symbol segment partial 

Halogens [t306] fluorinated halogen chlorine fluorine fluoride halide iodine chemistry CF3 bromine fluorination chloride atom bromide CF2 

Great Lakes [t307] Lake great_lake freshwater aquatic Erie water basin superior shore ecosystem depth pond Limnology sediment Tahoe 

Surveys [t308] survey respondent sample questionnaire survey_data responses population attitude demographic perception survey_instrument interview surveyed 

Analog Circuits [t309] signal analog circuit digital ADC amplifier receiver output bandwidth frequency converter noise transceiver architecture waveform modulation signal_processing... 

Fear Conditioning [t31] conditioning fear conditioned tone contextual behavioral acquisition associative stimulus lever extinction trace learned learning_memory avoidance RSP shock... 

News Media [t310] media public radio newspaper coverage article audience magazine television press popular stories general_public journalist communication new_media outlet journalism Caf mass ... 
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Topic Labels 

• Topic labels are provided purely for convenience 

• Our experience: Topic labels caused some confusion 

• Pros 

• Simple and easier to display than t387 or full 20-term topic 

• e.g. one can refer to the “Halogens” topic 

• Have expert(s) label topic 

• Cons 

• Lose the richness and detail captured in the topic 

• Experts don’t agree 

• Changing the topic label doesn’t change the topic assignment 
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Research and Non-Research Topics 
(sample) 

1 [t222] lab laboratories equipment curriculum undergraduate exercises exercise laboratory_course 

0 [t223] primate monkey chimpanzee species female lemur animal baboon ape sample wild fruit food 

0 [t224] code simulation disk hydrodynamic calculation star accretion radiation gas angular_momentum 

1 [t225] countries USA Europe European world global Germany Sweden Netherland Japan Canada France 

0 [t226] sequencing genome sequence read genomic Illumina assembly sequenced coverage EST 

0 [t227] oxidation radical reaction oxygen oxidant H2O2 oxidized product species oxidative 

1 [t228] women gender family marriage sexual sex couple female men_women woman gendered male 

0 [t229] environmental pollution pollutant contaminant EPA contamination health environment toxic 

1 [t230] percent period hour twenty average twelve half thirty fifteen hundred fifty fourth forty 

1 [t231] prairie grassland vole CEDAR grasshopper TPS Plain great_plain Wichita Hay MOM Flint Konza 

1 [t232] Canada Canadian Grand Cook Ontario Toronto british_columbia North_American Vancouver 
1 [t233] null *** null *** null *** null *** null *** null  

0 [t234] fault diagnosis diagnostic failure faulty detection fault_tolerant fault_tolerance 

0 [t235] wood asphalt pavement binder moisture construction mixture bamboo TDR aggregate 

0 [t236] online blog Facebook Internet social social_network social_networking web user social_media 

0 [t237] reconstruction scan resolution scanning tomography reconstructed scanner image reconstruct 

0 [t238] diatom phytoplankton bloom culture nutrient marine dinoflagellate species cell cyanobacteria 65 



Research and Non-Research Topics 
(sample) 

66 

• Different classes of non-research topics 

• NSF Admin Categories (STEM, REU, IGERT, etc.) 

• Workshop/conference 

• NSF broader impacts categories (women, underrepresented 
groups, etc) 

• Words used to describe research 

• Other “junk” topics (topics of inst. names, places, etc.) 



Topics that mention “memory” 

[t36] thread parallel transaction execution parallelism synchronization memory concurrent concurrency lock...  

[t46] memory memories retrieval recall encoding recognition information episodic remember retention stored  

[t161] recovery smart recover recovered healing SMP self_healing shape_memory recovering shape process 
cycle ...  

[t180] cache processor memory architecture hardware thread workload multicore compiler register core 
execution ...  

[t183] cluster computing node HPC processor high_performance server storage computational Linux memory 
comp 

[t275] operating_system kernel hardware virtualization virtual_machine Linux software virtual memory running 

[t362] circuit logic gate output architecture bit function logic_gate signal digital CMOS QCA ...  

[t403] transformation transform transformed SMA transforming shape_memory NiTi phase_transformation 
SMAs [t541] cognitive psychology cognition mental cognitive_science psychological mind intelligence reasoning 
abilities 

[t719] parallel processor GPU code computing computation MPI memory GPUs architecture CPU 
high_performance . 

[t723] hardware FPGA architecture processor reconfigurable embedded_system platform FPGAs programmable 

[t750] execution trace code bug software debugging error check call runtime overhead memory ...  

[t834] stack stacking stacked tea ribbon structure TAC pattern thermoacoustic mechanism natural monitoring ... 
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Top topics in a proposal 

1103562 
• (38%)   [t851]   permafrost arctic tundra warming alpine vegetation boreal 

soil alaska peat peatland depth meadow ecosystem ground active_layer 
northern thaw snow temperature ... 

• (10%)   [t930]   fire vegetation disturbance wildfire grazing grassland 
burned burn grass burning fuel regime ecosystem shrub savanna woody 
landscape grasses rainfall plot ... 

• (6%)   [t783]   native invasion plant species invasive plot invasive_species 
exotic seed non_native spread native_species plant_species establishment 
restoration seedling invader control invaded invasive_plant ... 

• (6%)   [t421]   fellowship position postdoctoral_fellowship phd foreign 
imperative anticipated informed country check correspondence earned 
postdoctoral host_institution receipt registration fellow 
institution_including doctoral_degree citizenship ... 

• (4%)   [t384]   modeling parameter modeled model_parameter 
model_development validation modeling_approach predict simulate 
empirical validated capture output simulation mathematical_model 
prediction incorporating modeling_effort realistic existing_model ... 

http://yarra.ics.uci.edu/nsfbrowser/getonetopic.php?zid=851
http://yarra.ics.uci.edu/nsfbrowser/getonetopic.php?zid=930
http://yarra.ics.uci.edu/nsfbrowser/getonetopic.php?zid=783
http://yarra.ics.uci.edu/nsfbrowser/getonetopic.php?zid=421
http://yarra.ics.uci.edu/nsfbrowser/getonetopic.php?zid=384


Analytical tools for PMs 
(example) 

Awarded Declined 

Overrepresented topics •   
•   
•   

•   
•   
•   
 

Underrepresented topics •   
•   
•   
 

•   
•   
•   
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Topic trends 2000-2009 
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Topic trends 2000-2009 
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Is this 
real? 



Research 
investments vs. 
outcomes 

Topic: angiogenesis tumor 

endothelial_cell vascular VEGF 

angiogenic vessel endothelial … 

7
2

 

NIH investments 
in this 

angiogenesis 
topic correlated 

with publications 
2 years later 
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