Building an
Evidence Basis for
S&T Policy



Understanding

develop usable
knowledge and theories

Measurement

improve and expand
science metrics, datasets
and analytical models
and tools

Community of
Practice

culttvate a community of
practice focusing on
SciSIP across the
academy, the public
sector and industry
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A LOT HAS BEEN LEARNED: EXAMPLE -
UNDERSTANDING SCIENCE INVESTMENTS
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Automated capture of economic
outcomes
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Conceptual frameworks
developed

|ldeas Arise
*  Funding, infrastructure, regulation shocks? => exogenous variation
* Individual activity? => mobility
*  Serendipity?
are tested,
*  Review by peers (scientific journals)
*  Within firms
mature,
* Adoption
and...make a significant impact
*  Economic? Social? Scientific?



Regulatory Shock

Linking induced technological change, and environmental regulation:
Evidence from patenting in the U.S. auto industry

Jaegul Lee®*, Francisco M. VelosoP-¢1, David A. Hounshel] 92

3 School of Business Administration. Wayne State University, 320 Prentis Building, Detroit, MI 48202, United States
® Department of Engineering and Public Policy Carnegie Mellon University, Pittsburgh, PA 15213, United States
¢ Catdlica Lisbon — Business, Economics, 1649-023 Lisbon, Portugal

4 Department of Sacial and Decision Science Carnegie Mellon University, Pittsburgh, PA 15213, United States

ARTICLE INFO ABSTRACT

Article history: This article uses a carefully screened patent database in automobile emission control technologies

Received 16 April 2008 and a detailed regulatory action analysis to examine firms' innovation in response to U.S. technology-

iece"‘":'igr':"”;gﬂ’rmzl May 2011 forcing auto emissions standards enacted between 1970 and 1998. The study finds that under the

ceepte Ju.ne performance-based technology-forcing (PBTF) auto emissions regulations, both automakers and compo-
Available online 8 July 2011 . . : .o . .

nent suppliers innovated and introduced more advanced emission control technologies for automaobile

applications. The study also shows that stringent PBTF regulation temporarily induced domestic U.S.

#Eg;?;ﬁ%y_hmng regulations firms to become more innovative than foreign firms that operated in the local U.S. market during
Environmental technologies the early phase of the regulatory regime. Findings of this research strongly imply that government
Auto industry intervention in the form of technology-forcing regulation can drive firms to invest in technological
Environmental strategy innovation.

@ 2011 Elsevier B.V. All rights reserved.

Careful construction of patent database
Knowledge of automobile technologies
Initial description
Analytical drivers



Infrastructure Shock

Scientific freedom and openness are hallmarks of academia: relative to their counterparts in industry,
academics maintain discretion over their research agenda and allow others to build on their discoveries.
This paper examines the relationship between openness and freedom, building on recent models emphasizing
that, from an economic perspective, freedom 1s the granting of control rights to researchers. Within
this framework, openness of upstream research does not simply encourage higher levels of downstream
exploitation. It also raises the incentives for additional upstream research by encouraging the establishment
of entirely new research directions. In other words, within academia, restrictions on scientific openness
(such as those created by formal intellectual property (IP)) may limit the diversity and experimentation
of basic research itself. We test this hypothesis by examming a “natural experiment” in openness within
the academic community: NIH agreements during the late 1990s that circumscribed IP restrictions
for academics regarding certain genetically engineered mice. Using a sample of engineered mice that
are linked to specific scientific papers (some affected by the NIH agreements and some not), we implement
a differences-in-differences estimator to evaluate how the level and type of follow-on research using
these mice changes after the NIH-induced increase i openness. We find a significant increase in the
level of follow-on research. Moreover, this increase 1s driven by a substantial increase in the rate of
exploration of more diverse research paths. Overall, our findings highlight a neglected cost of IP: reductions
in the diversitv of experimentation that follows from a sinele idea.

Of mice and academics: Murray, Aghion, Dewatripont, Kolev and Stern
Natural Experiment

Careful difference in difference

Careful hypothesis structuring



[dea transmission as human activity

ABSTRACT

Are scientific knowledge flows embodied in individuals, or "in the air"? To answer this question, we
measure the effect of labor mobility in a sample of 9,483 elite academic life scientists on the citation
trajectories associated with mdividual articles (resp. patents) published (resp. granted) before the scientist
moved to a new institution. We find that article-to-article citations from the scientific community at
the superstar's origin location are barely affected by their departure. In contrast, article-to-patent citations,
and especially patent-to-patent citations, decline at the origin location following a star's departure,
suggesting that spillovers from academia to industry are not completely disembodied. We also find
that article-to-article citations at the superstar's destination location markedly increase after they move.
Our results suggest that, to be realized, knowledge flows to industry may require more face-to-face
interaction than those to academics. Moreover, to the extent that academic scientists do not internalize
the effect of their location decisions on the circulation of ideas, our results raise the mtriguing possibility
that barriers to labor mobility in academic science limit the recombination of idividual bits of knowledge,
resulting in a suboptimal rate of scientific exploration.

The Diffusion Of Scientific Knowledge Across Time And Space: Evidence From
Professional Transitions For The Superstars Of Medicine (Azoulay, Graff-Zivin; Sampat)
* Focus on 10,450 elite life scientists

» Link individuals with their output

« Careful Difference in Difference estimates



[dentifying impact

* “When and how did we become certain that smoking causes
cancer, coffee does not, and human activity is producing global
climate change?”

* Shwed and Bearman: analyzed substantive cases that are now
considered facts, such as the carcinogenicity of smoking and the
non-carcinogenicity of coffee, and then employed that same
analysis to two currently contested cases: the suspected
carcinogenicity of cellular phones and the relationship between
vaccines and autism.

* http://understandingautism.columbia.edu/papers/t
structure-of-scientific-consensus-formation.pdf - EET, e

p—_——
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And..Building a better interagency

system to answer agency questions
STAR METRICS

Science and Technology in America’s Reinvestment — Measuring the EffecTs of
Research on Innovation, Competitiveness and Science



What is STAR METRICS

Six federal agencies; 85 research institutions
Goal:

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

By documenting federal investments in science and

By 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

©

Institutions s s e

Source: lan Foster University of
Ch?cago ey OOSCIENCV

Sr:|ence Experts Metwork Cumiculum Vitae



Level II: Building an Evidence Basis:
Going Beyond the Workforce

A data platform that can link inputs and

outputs/outcomes using automated approaches
leveraging existing data

Collaborative development of data infrastructure on
broad categories of impact:

knowledge (e.g. publication, citations...)
economic (patents, spin off companies...)
~© workforce (employment, student mobility...)

®wm=ms Social (e.g. health, environment, energy...)




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 | connect researchers?
Automatically generated from research proposals
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Expertise Locator

This tool allows you to locate researchers based on their expertise. Using the "ANY™ option in the Inclusion dropdown yields researchers with awards in ANY ofthe Topics you
select (check) in the list below. Using the "ALL" inclusion limits your selection to those researchers with awards in ALL ofthe topics you select.

2011 |» | Update Topic List

2007 |» |t0

Topic options:  From

Clear Selection

Topic Data
Show entries Keyword Filter: |t=y | Export as GOV RBSEarc her Summar}f
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" Pleaze note that the co-occurring topics neoted within each TopicV's details view represent those Topics that co-occur most frequenthy EMM| e £4. 2 5M
DMS  — 52 09M

together on propogalzs. While a good indicator of experiize, please note that using the ALL inclusion method vields researchers with
Topics az=zigned to any of their propo=als (not just those with zelected Topics az=signed to individual propesalz). Internal NSF users:
the ALL inclusion method only regards Awarded proposals (Declines and Others are excluded).
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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



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



Thank you

* Comments and questions?



