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Why good measurement 
matters
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Good measurement matters because

it’s the right thing to do



Good measurement matters because

Stakeholders demand it



Good measurement matters because

The alternative is worse



Why good measurement is 
hard to do
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The conceptual framework is 
complex
• Production function framework great for aggregate impacts 

• source of result that more than 3/4 of post-1995 increase in productivity 
growth can be traced to science investments

• At micro level not so clear
• Discovery – innovation highly nonlinear

• Unit of analysis

• Input measures

• Dependent on organizational systems

• Outcome measures

• Scientific; Economic; Social

• Fundamental challenge: Establishing counterfactuals

• Selection bias

• Random assignment not an option
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And 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



Designing a better system
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What is needed

Automatically capture data about the conduct of science –
inputs, outputs and the connections between the two



Designing a better system: based on 
collaboration

Build on lessons learned from LEHD program

• Use existing data => minimum burden

• Produce value for all stakeholders => engagement in data 
quality

• Create collaborative effort => engagement in producing new 
products
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Designing a better system: 
based on science
Patent Network Dataverse Lee Fleming Harvard 
http://dvn.iq.harvard.edu/dvn/dv/patent

COMETS (Connecting Outcome Measures in Entrepreneurship 
Technology and Science): Lynne Zucker and Michael Darby UCLA 
http://www.kauffman.org/comets

Topic Modeling: David Newman UCI
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Designing a better system: based on 
eScience

Use new cybertools e.g. use topic 
modelling and natural language 
processing to process massive 
amounts of text
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Use new ways of structuring data e.g. 
graph databases

Use new approaches to link 
individuals with output e.g. 
webscraping



The Nascent System in the U.S.

• The vision

• What is being done

• The pitfalls
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The vision

•Level I: Who is employed by science funding?

•Current jobs

•Future workforce

•Level II: What are the results of science?

• scientific knowledge (such as publications and citations..)

• economic growth (through patents, firm start ups and other 

measures…) 

• workforce outcomes (through student mobility and employment..) 

• social outcomes (such as health and environment…)
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What has been done:
STAR METRICS

Voluntary partnership between science agencies and research 

institutions to document the outcomes of science investments to 

the public

• OSTP initiative partnering with NIH, NSF, DOE and EPA; USDA has 

agreed to join.

• 85 research institutions participating  - ~ 50 % of NSF and NIH 

portfolio



Items of Interest: 
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Agency, Institution and Public Portfolio Explorer

R&D Dashboard



Level I: Who is Supported by 
Science Funding
• Automated reporting from financial systems

• Documenting jobs 

• And training
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Science as an export industry

Number of active Federal science awards 1,447 

Jobs
Direct Payroll FTEs

Counts 2,143.7 
Direct Payroll Individuals

Counts 7,444 
Direct Jobs through Vendors, Sub-Award Recipients, 
Institutional Support

Counts 2,029.2 
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Jobs across the state



And jobs across the nation



Training: 
A private University’s science staff paid by science agency 
grants, Q3 2010

Source: Jason Owen-Smith



• A platform that can link inputs and outputs/outcomes using 
automated approaches

• Leverage existing data and knowledge (results of $60 million in 
investments)

• Collaborative development of data infrastructure on broad 
categories of impact:

• knowledge (e.g. publication, citations…)

• economic  (patents, spin off companies…)

• workforce (employment, student mobility…)

• social (e.g. health, environment, energy…)
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Level II: Approach
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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



What is being done: Specifics

• Science based Portfolio Characterization: Portfolio 
Explorer

• Place based Portfolio Reporting

• Reduced scientist burden: SciENCV platform

Key principles

- Build an open, transparent and automated system

- Facilitate the building of apps



Science Based Portfolio 
Characterization
• For agencies

• Gap analysis: What is being funded in which areas? 

• Expertise Locator: Who is doing research in which topics?

• For Researchers

• Funding information: What programs are funding research like 
mine?

• Expertise Locator: Who else is doing research like mine?

• For VPs for Research and their Institutions

• Gap analysis: Where are my institutional research strengths?

• Expertise Locator: How can I connect researchers?



Portfolio Characterization



Describing the Chemistry 
Portfolio



Describing the Chem Portfolio



Place Based Portfolio Reporting: 
R&D Dashboard

• For stakeholders

• What research has been funded in my state/city?

• Who are the researchers doing the research?

• What are the results?

• For agencies/research institutions

• Automated reporting of research portfolio

• Automated documentation of institutional contribution

• For researchers

• Minimal burden

• Increased visibility to agencies, peers and stakeholders



Place-based investments 





Place based results







Reducing Scientist Burden
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SciEN CV Platform Next steps

• Federal Demonstration Partnership Pilot

• Lattes http://www.slideshare.net/rpacheco/sti-national-
information-system-platform-the-brazilian-case-of-lattes

• http://www.slideshare.net/rpacheco/sti-information-systems-
brazilian-initiatives-frequently-asked-questions

• ORCID grant
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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 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?


