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Introduction & methods



| Goal & research questions

Goal: to capture the interplay of scientific collaboration and transport
connectivity on a global scale

Research questions:

1. What are the external scientific collaboration patterns for Indiana University?
2. Are scientific affiliation networks and air traffic networks correlated?

3. Are scientific collaboration networks and air traffic networks correlated?
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| Background: The Fourth Age of Research wu.ums

Publications with international collaboration, Publications with international collaboration,
data from ResearchGate WoS, 2007-2013
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| Gravity model

g

A Collaboration as a function of the mass of collaborating entities (e.g. number of
publications) and the distance/proximity between them.

A Distance/proximity i not only geographical, but also cognitive, institutional,
organizational, social, and economic (Boshma 2005; F e r n § ptdak2916).

A Geographical distance and accessibility / connectivity.
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| Related work

A Research cooperation decreases exponentially with the distance separating
the collaborative partners, even when controlling for other factors (e.g. Katz
1994; F e r n § prtdak2016).

A Swedish case study: Travel time (road & air) correlated with patents
coauthoring (Ejermo, Karlsson 2006).

A Europe: regions/cities with a major international airport are more likely to
develop intensive international scientific collaboration (Hoekman et al. 2010).

A US: After Southwest Airlines enters a new route (with lower fares), scientific
collaboration increases by 50% (chemistry co-publications, 1991-2012)
(Catalini et al. 2016).

A Collaboration vs. co-affiliation (e.g. Sugimoto 2016).
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| Data sources

= |[UN| Wo0S database

A31,226 U papers (2008-2013)
A7,820 papers with co-affiliations
A 27,412 papers with co-authors

Networks built:

Co-affiliation and
= Geo coding data Collaboration network for
city-level addresses

A 2,855 unique cities (ex:
Bloomington, IN, USA)

Air traffic flow network for
= OpenFlights data major airports

A 3,253 airports and 37,133
weighted flights
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Methods
Structure = dynamics + network
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| Graph transformations

L=(D,,-BAB)D,,,. L=(D-W,)D!
6 - f\f -
L=(D-A)D-1T-! L=(D-W,)Dt
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I The Parameterized Laplacian

L = (TD,)"Y**(D, — BWB)(TD,,) /2%

= Bias transformation

A Parameterized by B (diagonal)
AwWé = BWB or WB

f

or

ma Delay transformation

A Parameterized by T (diagonal)
A Local average delay/rate

md Reweighing transformation

A Parameterized by W = RUA
A Edge specific biases

A W6 BWPR

A B for node specific Bias
directed graphs

A W=c,pa0F +c, 1M
A F, M for edge specific
Bias

A Additive bias vs
multiplicative bias
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The Parameterized Laplacian

| The dynamical process |} | ety N

AB =y, Aij ¥; Aci =y,

AMaximum entropy

RW, over the infinite ,
path distribution m Community structure =

AStationary ¢ =y 2 A Bottlenecks in epidemics

- . -~ S
ANon-conservative \  vee iy

Py =

de’
dt

A Other centralities?
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Data and results



| Data sources

= |[UN| Wo0S database

A31,226 U papers (2008-2013)
A7,820 papers with co-affiliations
A 27,412 papers with co-authors

Networks built:

Co-affiliation and
= Geo coding data Collaboration network for
city-level addresses

A 2,855 unique cities (ex:
Bloomington, IN, USA)

Air traffic flow network for
= Air traffic data major airports

A 3,253 airports and 37,133
weighted flights
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Web of Science dataset

I 1 |id year title journal fulladdlist authorlist

WQS:0002 1970 Single vibronic CHEMICAL PHYSI Indiana Univ, Dept Chem, Bloomington, IN 47401 USA | Indiz Schuyler, M. W.|Parmen
W0S5:0002 1970 The O(D-1)+H2I CHEMICAL PHYSI Indiana Univ, Dept Chem, Bloomington, IN 47401 USA | Indiz Hartshorn, Lynn G. | Bair,
WQS:0002 1970 Spectroscopic $INORGANIC CHEIUniv Queensland, Dept Chem, Brisbane, Qld 4072, Australiz Kitching, William | Doddr
WQS:0002 1970 Improved total CHEMICAL PHYSI Indiana Univ, Dept Chem, Bloomington, IN 47401 USA;Univ Bonbam, R. A.|Ng, E. W.
W0S:0002 1970 Rate constant f CHEMICAL PHYSI Univ Wisconsin, Inst Theoret Chem, Madison, W1 53706 US£ Bernstein, R. B. | Roberts,

S R O

o LN

Data problems

ALack of data before 2008 with author-address links (1402 total U papers)
ANoisy address formats, used city-state-country instead
A Author disambiguation, circumvented in this study

1 |city .IS'IZEI'IZE country Latitude birLongitude bin County bingCity_bing State_bing Country bing

2 Milloury OH UsA 41.5586891 -B83.42504883 Wood Co. Millbury OH United States

3 Hamburg NY USA 42.7401199 -78.82517242 Erie Co. Hamburg  NY United States

4 'Harefield Middx England  51.5910759 -0.483275145 Harrow South Harefi England United Kingdom
5 |Bloomfiel CT USA 41.82761  -72.7358017 Hartford Co. Bloomfield CT United States

& Miki Kagawa Jlapan 36.2816d407  139.0772705 Japan
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Co-occurrence of city-level addresses
for collaborations involving IU authors
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Co-occurrence of city-level addresses
for IU Authors with Multiple Affiliations
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Air traffic dataset (OpenFlights)

1 IEilnamE city country IATA/FFAICAO Latitude Longitude Altitud Timezone

2 |1 Goroka Goroka Papua Ne GKA AYGA  -06.08169 145.3919 5232 10

3 | 2 Madang Madang PapuaNe'MAG AYMD -5.20708 145.7887 20 10

4 | 3 Mount Ha Mount Ha, Papua Ne' HGU AYMH -5.82679 144.2959 5388 10

5 | 4 Nadzab Nadzab Papua Ne'LAE AYNZ  -6.56983 146.7262 239 10

& | 5 Port More Port More Papua Ne' POM AYDPY -0.44338 147.2201 146 10

1 |Air|ine l.ﬂ.irlinel[l Source SourcelD  Destination Destination Codeshare Stops Equipment
2 [PX 328 GKA 1 POM 3 0 DH4 DHS DH3
3 |CG 1208 GKA 1 HGU 3 O DHS DHT
4 |CG 1208 GKA 1 LAE 4 0 DHE

5 |CG 1308 GKA 1 MAG 2 0 DHE

& |CG 1208 GKA 1 POM 3 0 DHE

1 |Equipmentl Manufacturer Type/Model Wake Seats

2 EM2 EMBRAER EMB 120 Brasilia L 40

3 DHS8 De Havilland Canada DHC-BDash8& M 120

= 320 Airbus A320-100/200 M 150

5 321 Airbus A321-100/200 M 200

B 744 Boeing 747-400 H 416
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Air traffic data network

3253 Nodes
37133 Edges
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Bimodal network of 2863 unique city-
level affiliations with closet airports




