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Introduction & methods
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Goal & research questions

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 (Adams 2013)

Publications with international collaboration,

WoS, 2007-2013

Source: Rikken 2016. Source: Authors.

Publications with international collaboration,

data from ResearchGate
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Gravity model

Á Collaboration as a function of the mass of collaborating entities (e.g. number of 

publications) and the distance/proximity between them.

Á Distance/proximity ïnot only geographical, but also cognitive, institutional, 

organizational, social, and economic (Boshma 2005; Fern§ndezet. al 2016).

Á Geographical distance and accessibility / connectivity.
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Related work

ÅResearch cooperation decreases exponentially with the distance separating 
the collaborative partners, even when controlling for other factors (e.g. Katz 
1994; Fern§ndezet. al 2016).

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

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

Å 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).

Å Collaboration vs. co-affiliation (e.g. Sugimoto 2016).
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Å31,226 IU papers (2008-2013)

Å7,820 papers with co-affiliations

Å27,412 papers with co-authors

IUNI WoS database

Å2,855 unique cities (ex: 
Bloomington, IN, USA)

Geo coding data

Å3,253 airports and 37,133 
weighted flights

OpenFlights data

Networks built:

Co-affiliation and 

Collaboration network for 

city-level addresses

Air traffic flow network for 

major airports

Data sources
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Methods

Structure = dynamics + network
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1 W11 W12 ... W1n

2 W21 W22 ... W2n

... ... ... ... ...

n Wn1 Wn2 ... Wnn
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Graph transformations

L=(DW-BAB)DW
-1

L=(D-A)D-1T-1

L=(D-W1)D
-1

L=(D-W2)D
-1
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ÅParameterized by B (diagonal)

ÅWô = BWB or WB for directed graphs

Bias transformation

ÅParameterized by T (diagonal)

ÅLocal average delay/rate

Delay transformation

ÅParameterized by W = RǓA

ÅEdge specific biases

Reweighing transformation

ÅWô=BbWBb

ÅB for node specific Bias

ÅW=c0A
aǓFf+c11Mm

ÅF, M for edge specific 

Bias

ÅAdditive bias vs 

multiplicative bias

The Parameterized Laplacian

BWB
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The Parameterized Laplacian

ÅBi = ɣi

ÅMaximum entropy 
RW, over the infinite 
path distribution

ÅStationary ci = ɣi
2

ÅNon-conservative

ÅOther centralities?

The dynamical process

Åci = ɣi

ÅKatz

Centrality

ÅBottlenecks in epidemics 

Community structure



Data and results
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Å31,226 IU papers (2008-2013)

Å7,820 papers with co-affiliations

Å27,412 papers with co-authors

IUNI WoS database

Å2,855 unique cities (ex: 
Bloomington, IN, USA)

Geo coding data

Å3,253 airports and 37,133 
weighted flights

Air traffic data

Networks built:

Co-affiliation and 

Collaboration network for 

city-level addresses

Air traffic flow network for 

major airports

Data sources
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Web of Science dataset

ÅLack of data before 2008 with author-address links (1402 total IU papers)

ÅNoisy address formats, used city-state-country instead

ÅAuthor disambiguation, circumvented in this study

Data problems
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Co-occurrence of city-level addresses

for collaborations involving IU authors

2855 Nodes

75058 Edges
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Co-occurrence of city-level addresses

for IU Authors with Multiple Affiliations

657 Nodes

1636 Edges
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Air traffic dataset (OpenFlights) 
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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


