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Key ideas

Conceptual Framework: Theory of change

* Basic unit of analysis is individual scientists/teams

 Core outcomeis creation, transmission and adoption of ideas
Empirical Framework

* Leverage existing data and tools

e Build analytical community (e.g. SciSIP)
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Measuring Impact

 What is the impact or causal effect
of a program on outcome of
interest?

* |s a given program effective
compared to the absence of the
program?

* When a program can be
implemented in several ways,
which one is the most effective?




Measuring Impact
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Classic Challenge: Identifyin

Counterfactual

“A key goal of an impact evaluationis to
identify a group of program participants (the
treatment group) and a group of
nonparticipants (the comparison group) that
are statistically identical in the absence of the
program.” World Bank
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Classic Challenge: Theory of Change

INPUTS -' ACT IVITIES

OUTPUTS

OuUTCOM ES

FINAL
OUTCOMES

Budgets, Series of Goods and services  Not fully under Changes in
staffing, activities produced and the control of outcomes
other available undertaken delivered, under implementing with multiple
resources. to produce the control of the agency. drivers.
goods and implementing
services. agency.
( Implementation (SUPPLY SIDE) ) [ Results (DEMAND+SUPPLY) |

.,

Source: Authors, drawing from multiple sources.
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Move beyond “Black Box”
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The Black Box

Scientific Priorities for scientific
problems problems to be solved
Public sector N
funding Y
. % Funding for R&D
» Fund R&D % . ; .
Private sector Funding Funding for Funding for
funding 1) for research industrial
""""" T research communication development
Perform the
research S I >
L e % New scientific knowledpge
Existing Scientific 2l
Knowledge T T
Communicate | >
the results __\ Disseminated
| | scientific
knowledge
) Apply the R
Publication ’ Knowledge [
e
Research funders Publishers S R 4Better quality
i and Readers of life
Scientists ¢ o
infomediaries Companies Government
NODE: TITLEDo research, communicate and apply the results [NUMBER:
A0 o
Be-Christer BjQi’I\, 20067
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“Ob, if only it were so simple.”
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Opening the Black Box: Networks of Scientists

awarded to

Institutions < Funding
pay for support
employ
People prodice Products
train use
co-author

Adapted from lan Foster, University of Chicago
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Opening the Black Box

* How to start a movement



DerekSivers_2010U.mp4
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Example 1: University of Michigan




STAR METRICS: Rich Collaborative Universe




STAR METRICS: Rich Collaborative Universe

Researchers & Grants



STAR METRICS: Private university, Med

Control Theory, Sensor

Networks, Optimization,
Molecular Dynamics, Seismology
Numerical Methods,
Turbulence, Seismology

Ocean Science, Plate
Tectonics, Seismology

Inorganic Chemistry LIGO, Astrophysics, Dark
Matter, Simulation,

Quantum Information

Liquid Crystal



STAR METRICS: Public university, Med
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STAR METRICS: Public university, Med

Behavioral and Social Science, Brain Disorders, Cancer, Chronic Disease and Organ Systems, Clinical Research & Trials

D a-LDNIDA-OOnr

i 7 S.S Y = =

De pression; cl ess Rese
HIV /AIDS, Infectious Diseases, Lung, Mental Health, Mind and Body, Neurosciences, PgirrResearch, Pediatrics

Pneumonia & Influenza, Prevention, Stem Cell Research
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Asthma, Behavioral and Social Science, Bioengineering
Biomedical Information Resources, Chronic Disease and Organ Systems
Climate-Related Exposures and Conditions, Clinical Research & Trials
Contraception /Reproduction, Epidemiology And Longitudinal Studies
HIV/AIDS, Immune System, Infectious Disease and Bioterrorism

Injury (total) Accidents /Adve ects, Musculoskeletal System

jeGnostic Radiology, Drug Abuse (NIDA Only), Epidemiology And Longitudinal Studies
Genetics, HIV /AIDS, Kidney and Urologic, Mental Heallih, Mind and Bodly, Neurosdences
Pediatrics, Prevention, Rehabilitation, Trandational Researdh

utoimmune Disease, Behavioral & Social Science
ngineering, Brain Disorders, Cancer, Cardiovascular
Clinical Research & Trials, Diabetes, Digestive Diseases
Endocrine System, Epidemiology And Longitudinal Studies
Genetics, HV/AIDS, Huntington's Disease, Neurosciences
Nutrition & Obesity, Rare Diseases




Comparison of Social Networks

Private (no Med)

Public (no Med)

Public (Med)

2000 people paid by 450
science agency grants

4000 people paid by 200
science agency grants

5000 people paid by 3500
science agency grants

26.8% lsolated

31.3% isolated

13.6% isolated

53.8% Reachable

10.6% Reachable

28.4% Reachable

Density = .038, CC = .896,
Constraint = .321

Density = .007, CC =.877,
Constraint = .425

Density = .007, CC = .878,
Constraint = .483

Research Staff (shared
instrumentation?) & faculty
are powerful bridges

Faculty are more often
powerful bridges, but very
little reachability and
diversity

Faculty and Research staff
bridge projects

Potential topic gaps in
component

Topic gaps less clear

Significant connections and
overlaps between topics in
component




Sidebar: Interim Developments

= Private and public universities with no medical schools
are funded by NSF

= Easier identification and linking of topics

= Public university with a medical school is primarily
funded by NIH

"= No easy way to pull or identify projects by the 233 NIH
Research, Condition, and Disease Categorization (RCDC)
codes

" Qur linking of NIH RCDC codes is *novel* and makes possible
new linkages between STAR METRICS data and broader

scientific and economic impacts



El Dorado: Comparative, Dynamic Networks

= Estimating effects of:

= New construction +/or acquisitions

= |nstitutional seed funding

= Large scale grants (e.g. CTSA, ERC, STC)
= Documenting process and outcomes of training efforts
= Explaining (predicting?) sources of new breakthroughs

= Enabling active ‘portfolio management’ by e.g. hiring
committees

= “moneyball for science”
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Does the University gash through or stitch together the larger region?



Estimating Impact of Federal R&D $$

= Direct (STAR METRICS does pretty well)
= New University Jobs
= Discoveries (Pubs Patents)
= Revenue for local Vendors/Subcontractors
=  *|ndirect (other data needed)
" Job retention/creation effect of local spending
= Regional economic resilience
= University start-ups

= Corporate “discovery premium” to “spillovers” from hiring research
trained graduates

= University “discovery premium” from stronger industry connections

= New funding shifts collaboration networks changing amount and
character of science



More on *Indirect Impact of Fed R&D

" Indirect impact measures can be estimated from the
Longitudinal Employer Household Dynamics (LEHD)
dataset using network methods. Exciting possibilities
in organization and individual level links between

STAR METRICS & LEHD.



Summation

" The scientific and economicimpact of federal R&D
spending at universities depends on:
= Collaborative organization of research on campus

= Test with intra-university networks extracted from STAR

METRICS
* The economic geography of a university’s location
= Test with Regional /State data from LEHD

= Position a university occupies in its region
= Test with linked STAR METRICS /LEHD data that locate

universities in regional employment networks
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Example 2:

* Scientific networks and social/economic
Impact



Discovery of TNF

The discovery of TNF and its
related propertiesisdirectly
linkedto NIHinvestmentsin
research grants. The following
chart depictsthe origin of the
study and the successful biotech
drugs which have resulted from
the studieslinked to these
successful products.

Enbrel & Remicade

Enbrel, Pegsunercept
F-» $5,867,280,618
/—>Orencia, Rituxan
Soluble TNF $38,758.1764

receptor Immune Cell
Inhibitors ADAM17,PDE4

p38 MAP Kinase

TNF research

Targeting TNF
Anti-TNFmonoclonal IL-1 Inhibitors
antibodies L‘
Cancer
L‘ therapeutics?
Kineret

S5,464,448,645 $5,036,215,212
Remicade, Humira,

.. . . 2009 Global
Cimzia, Simponi |:I Pharmaceutical
$79,429,579 Revenues for Select

Drugs
31
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Funding trends in TNF-a publications

Funding Attribution for TNF-a publications, 1975 - 2009

100.00%

90.00%

80.00%

70.00%

60.00%

% Funded {NIH)

NF-u Publications

TNF discovered % Funded (Other)

| [=]

Continuous cultures of fused
cells secretingantibody of
predefined specificity.

Remicade approved for
Rheumatoid Arthritis in US

Remicade approved for
Crohn’s Disease in US

1987
1989
1991

Polyclonal Abs against TNF are
protective

Patent for Remicade filed

MTNF cloned and expressedin
E coli




The Networks that Did It
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g" Return to timeline | See all Seientists
st Anthony C. Cerami, PhD

Coopale

Cerami, Anthony
Aftson Inc

Collaborators:

@ m s

Ahed, Vousef Al (The Picower Institute For Medical Research)

A Med, Yousef (Cyiokine Pharmasciences )
Brerger, Bradley (Cviokine Pharmasciences 1)
Brernhagen, Jurgen (Cyiokine Pharmasciences o)
Beutler, Bruce (The Scripps Research [nstilute)

Bianchi, Maring (The Picower Institute For Medical Research)

Brines, Michael (The Herneth S wiarren Institite nc)

Brownles, Michael (£lbert Einstein College OF Medicine OF Yestiva University]

=

Map data B2011 Afr’i (Pt Ltet, Europss Tachrologies, Goonls, Tracksdafrica - Terme of Lse

<

Filter names:

' Abed, Yousef A1 -
The Picower Institute For Medi
' Aid, Takashi
Takasago International Corpora..
Q Al Abed, Youset
Cytokine Pharmasciences Inc
’ Al Tahoo, Nuhza
Regents Of The University Of M.,
Altano, Massimo
The Picower Institute For hMec...
' AN, Syed M
Argule Inc
1 Ashcom, James
The Gearge ¥Washington Universi...
’ Ashrwvel, Mark &
Argule Inc
’ Barash, Lovis
Merck Co Inc
o Barr, Philip J
Genentech Inc
o Baugh, Jokn &
Cytokine Pharmasciences Inc
o Bazzoni, Flavia M
Board Of Regents The Universit
) Bdamchian, Mahnaz
The George Washington Universi
’ Besttie, Thomas R
Merck Co Inc
@ Bel, Starley ¢
Temple University Of The Commo ... =

Brief explanation: The visualization above is & (granted) patent collaboration network map (1975-2008) where vertices (nodes) represent individual scientists and edges (connections) are created through joint patenting. The diagram certers on the primary sciertist, o every node in the graph is within 2 connections o less of the primary. Sciertists are attributed to the

Iatest firm within their patenting history. Colors are assigned by firms atthough disambigustion errors may causs slight discrspenciss. Scientists specifically indentified in this study are indicatsd with & smaller center circle. The network map utilizes the Fruchterman-Reingold layout

The rendering time of the netwiork map depends on its complexity and may utiize & clustering algorithm,

This network map i preliminary and genersted through open source software (iaraph), public £Pls (Goodle Maps) and the HBS Patent Collaborstion Metwork database

FOR RESEARCH
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Example 3:

e Student/Faculty networks and
social/economic impact



1St LCC in
S. Cal

Broaccomms
networking and
communications ICs
ffor datta), volce, and
video applications

Medtronic
Univ. of California

BelkinInt’l:
computer
connectivity
hardware

Second Sight: retinal
prosthesis
(cybernetic
eyeglasses)

Alfred Mann
Foundation: funds

medical device
research

Node: inventor; link: co-authorship; color: 6rgan|2'at|on



Zeroing in on
Pls

1. Knowledge Diffusion
Three links out

(Singh 2005)

2. Sources of Links
»Student graduation
» Inventor mobility

> Direct collaboration

(Fleming 2007)
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Zeroing in on Pls

Morteza Gharib (Hans w

Liepmann Prof of Aeronautics an
Bioengineering)

Axel Scherer (Neches Prof
of Electrical Engineering, Applied
Physics and Physics)

probably generating
significant spillovers in local
economy, probably through
student mobility or direct
collaboration

Node: inventor; link: co-aut rshlp, color:

r@anization



Overview

N

AMERICAN
INSTITUTES
FOR RESEARCH

Conceptual Framework
Empirical Approach
Examples

Closing Comments
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Indicators of CoIIaboratléﬁ\

each project;

 The number of internal and external collaborators of |
funded researchers working in the same research area;

* The time it takes for collaborations to move from idea to
dissemination;

 The number and proportion of funded researchers in given
topic area at time of funding;

 The number and proportion of funded researchers in
subsequent periods.
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Indicators of breadth of coverage

New people (especially students) entering the field
The number of links to research organizations;

The number of links to businesses in each
research area;

The industries in which collaborators work;

The institutions of researchers working on similar
topics internationally
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Key ideas

Conceptual Framework: Theory of change

* Basic unit of analysis is individual scientists/tems

 Core outcomeis creation, transmission and adoption of ideas
Empirical Framework

e Leverage existing data and tools, particularly STAR METRICS
and SciENCV

e Build analytical community (e.g. SciSIP)



AMERICAN
INSTITUTES
1M OR RESEARCH

Thank you

Julia Lane
jlane@air.org



