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Context of the study

 Science-Metrix conducted various studies for the European Commission 
that monitored the progress made in achieving the European Research 
Area (ERA)—a zone for the free circulation of researchers, technology 
and knowledge

 These studies mainly focused on the 2007–2013 period of the 7th

Framework Programme for Research and Technological Development 
(FP7)

 The ERA includes 28 Member States + 12 Associated Countries

 The purpose of the ERA is to increase the competitiveness of European 
research institutions by bringing them together and encouraging a more 
inclusive way of working

 One of its main goals is deepening multilateral cooperation and 
increasing the integration of Member States and partners

 At the outset, a better integration is expected at the national and 
regional level
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Integration of European Countries

 Intra-European Cooperation compared to International Collaboration 
of the ERA countries (2013) 
http://ec.europa.eu/research/innovation-union/pdf/intra-
european_intern_collab.pdf#view=fit&pagemode=none

 Five network indicators were used to investigate the integration of 
ERA countries under FP7 within and outside of the ERA

 Main study findings:

 A significant increase in the integration of countries within the ERA was 
repeatedly observed (i.e., for more than half of the indicators) in the 
whole of science and in 7 out of 17 thematic priorities

 Of all thematic priorities, environmental research (including climate 
change) is the one in which the magnitude of change was strongest and 
in which FP7 appears most likely to have played a role

http://ec.europa.eu/research/innovation-union/pdf/intra-european_intern_collab.pdf#view=fit&pagemode=none
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Integration of ERA at regional level

 Study on Network Analysis of the 7th Framework Programme Participation 
https://ec.europa.eu/research/evaluations/pdf/archive/other_reports_studies_and_documents
/network_analysis_of_fp7_participation_-_final_report.pdf

 This study assessed the contribution of the networks (e.g., inter-regional, 
inter-sectoral, inter-field cooperation) promoted under FP7 to:

 Increasing the research excellence and innovation capabilities of organizations, 
regions and countries within the ERA

 Contributing to the improvement of the competitiveness of national economies 
within the ERA

 Examples of key findings:

 Continuity of participation between programmes (e.g., from FP6 to FP7) increases the 
breadth of knowledge and tools produced, increases the transfer to businesses and 
society, but may not trigger innovations

 New partners help strengthen networks and promote innovation

 No statistically significant link was found between multidisciplinarity and innovative 
capacity

 The integration of business enterprises, including SMEs, in intersectoral partnerships
fosters innovation

https://ec.europa.eu/research/evaluations/pdf/archive/other_reports_studies_and_documents/network_analysis_of_fp7_participation_-_final_report.pdf
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This study

 This study examined scientific activity in the U.S. at the regional level, 
using counties as the unit of analysis

 The study focused primarily on county population size, as well as on 
scientific output as measured by the number of scientific papers and 
scientific collaboration as measured by co-authorship in scientific 
publications

 This study is mostly exploratory, with little a priori knowledge of the 
American research system, of general science policy and specific 
policy instruments related to scientific collaboration and the 
integration of regions in the U.S.

 The increased concentration of population in urban areas should 
have intensified the concentration of scientific activity

 New means of communication and collaboration should increasingly 
support scientific activity in regions
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The GINI Index (revisited)

GINI Index = X / X+Y

X

Y

• GINI values range 
from 0 to 1

• When GINI = 0, 
then all entities 
are equal

• When GINI = 1, 
then all papers 
are concentrated 
in one entity
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European countries vs U.S. states

• The scientific output of U.S. 
states is more equally 
distributed than that of ERA 
countries

• The concentration of 
scientific output is 
decreasing significantly in 
ERA countries, while it is 
fairly stable for U.S. states
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ERA regions (NUTS2) vs. U.S. counties

• The production of scientific 
papers is more equally 
distributed across European 
regions than across U.S. 
counties

• This uneven distribution 
across counties is stable 
while the production in ERA 
regions is increasingly equally 
distributed
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Scaling of scientific output vs. population

• A slope of 1 would 
mean that 
productivity is the 
same at any scale

• Slope = 1.9, meaning 
productivity is 
increasing with size

• r2 = 0.63

• Limitation of the 
approach: the 
production of a 
county is often 
concentrated in a 
single institution

Charlottesville, VA (48k inhab.)
→University of Virginia (Public Ivy)

Clark, ID (982 inhab.)
U.S. Sheep Experiment Station

Los Alamos, NM (18k inhab.)
→Los Alamos National Laboratory

Pasco, FL (500k inhab.)
Only 154 papers in 15 years
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Productivity by county population group

• The most populous 
counties are more 
productive

• Productivity is increasing
in all groups

• However, the increase is 
greater for the most 
populous counties than for 
less populous counties

• This points to increased 
concentration of scientific 
output at the county level 
over time
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Inter-county collaboration by population group

• Inter-county collaboration has 
increased significantly in the 
last 15 years

• In 2014, the majority of U.S. 
papers were co-authored by 
researchers from different 
counties: 60% for large urban 
areas, 80% for the less 
populated counties

• This high collaboration rate in 
smaller counties should 
support higher productivity
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Network of collaboration at county level

• Most counties in 
Group 1 and 2 are 
central

• Productive counties 
in Group 3 are also 
very central

• Some small counties 
are also within the 
central core of the 
network

Group 1: > 1 million inhab.

Group 2: 250,000 to 1 million inhab.

Group 3: 50,000 to 250,000 inhab.

Group 4: < 50,000 inhab.

Los Alamos, NM
→Los Alamos National Laboratory
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Network indicators – distribution of centrality

• The network exhibits a 
core/periphery structure 
with a strong core of a few 
very interconnected nodes 
and a periphery with several 
less connected nodes

• The concentration of 
centrality is increasing over 
time



14

Impact of scientific collaboration – the ARC

The Average of Relative Citations (ARC) is an indicator of scientific 
impact based on citations received, with correction for variations in 
citation habits between specialties

Number of Citations: for each paper we count the number of citations 
received (e.g., 10)

Relative Citations (RC): the number of citations is divided by the average 
number of citations received by all papers in the specialty of the paper in 
the same year (e.g., average for organic chemistry = 5, thus RC = 10/5 = 2)

Average of Relative Citations (ARC): for a given entity, the ARC is the 
average of the RCs of all its papers

ARC > 1 means more citations than world average

ARC < 1 means fewer citations than world average
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Impact of scientific collaboration

• Collaboration is linked to higher 
scientific impact

• Inter-county collaboration yields more 
impact than international collaboration

• Smaller counties have low scientific 
impact

• The difference between small counties 
and large counties is increasing over 
time
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Conclusion

• The production of scientific papers is highly concentrated in a 
few counties with very little production in the others

• The distribution of scientific output in the U.S. (state and 
county level) is fairly stable over time, while in Europe, 
countries and regions are increasingly integrated and the 
scientific output is more equally distributed today than 15 
years ago

• Can this be linked to differences in science policy and policy 
instruments?

• Although smaller counties are more collaborative than the 
larger counties, and this collaboration is rapidly increasing over 
time, this does not appear to be linked to higher centrality in 
the network and increased scientific impact
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Ideas for future work…

• Using other data for inputs (e.g., GERD, human resources)

• Analysis of collaboration by sector (university, company, 
government, NFP)

• Use other units of analysis such as MSAs or organizations

• Try to link specific policy, initiative or funding mechanisms to 
measurable effects 

• Many others…
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