Chapter 6

Spatial Scientometrics and Scholarly Impact:
A Review of Recent Studies, Tools,
and Methods
Koen Frenken and Jarno Hoekman

Abstract Previously, we proposed a research program to analyze spatial aspects of
the science system which we called “spatial scientometrics” (Frenken, Hardeman,
& Hoekman, 2009). The aim of this chapter is to systematically review recent (post2008) contributions to spatial scientometrics on the basis of a standardized literature search. We focus our review on contributions addressing spatial aspects of
scholarly impact, particularly, the spatial distribution of publication and citation
impact, and the effect of spatial biases in collaboration and mobility on citation
impact. We also discuss recent dedicated tools and methods for analysis and
visualization of spatial scientometric data. We end with reflections about future
research avenues.

6.1

Introduction

One of the main trends in scientometrics has been the increased attention to spatial
aspects. Parallel to a broader interest in the “geography of science” in fields as
history of science, science and technology studies, human geography and economic
geography (Barnes, 2001; Finnegan, 2008; Frenken, 2010; Livingstone, 2010;
Meusburger, Livingstone, & Jöns, 2010; Shapin, 1998), the field of scientometrics
has witnessed a rapid increase in studies using spatial data. In an earlier review,
Frenken et al. (2009, p. 222) labelled these studies as “spatial scientometrics” and
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defined this subfield as “quantitative science studies that explicitly address spatial
aspects of scientific research activities.”
The chapter provides an update of the previous review on spatial scientometrics by
Frenken et al. (2009), specifically focusing on contributions from the post-2008 period
that address spatial aspects of scholarly impact. We will do so by reviewing contributions that describe the spatial distribution of publication and citation impact, and the
effect of spatial biases in collaboration and mobility on citation impact, as two spatial
aspects of scholarly impact. We then discuss recent efforts to develop tools and
methods that visualize scholarly impact using spatial scientometric data. At the end
of the chapter, we look ahead at promising future research avenues.

6.2
6.2.1

Selection of Reviewed Papers
Scope of Review

We conducted a systematic review of contributions to spatial scientometrics that
focused on scholarly impact by considering original articles published since 2008.
Following the definition of spatial scientometrics introduced by Frenken et al. (2009),
we only included empirical papers that made use of spatial information as it can be
retrieved from publication data. Moreover, we paid special attention to three bodies of
research within the spatial scientometrics literature. First, studies were eligible when
they either describe or explain the distribution of publication or citation output across
spatial units (e.g., cities, countries, world regions). Second, studies were considered
when they explain scholarly impact of articles based on the spatial organization of
research activities (e.g., international collaboration). We refer to this body of research
as “geography of citation impact.” Third, the review considered studies that report on
tools and methods to visualize the publication and citation output of spatial units on
geographic maps.
Given the focus of this book on scholarly impact, we chose not to provide a
comprehensive overview of all spatial scientometrics studies published since 2008.
Hence we did not consider contributions focused on the spatial organization of
research collaboration or the localized emergence of research fields. For notable
advancements in these subfields of spatial scientometrics we refer amongst others
to Hoekman, Frenken, and Tijssen (2010); Waltman, Tijssen, and Eck (2011);
Leydesdorff and Rafols (2011); Boschma, Heimeriks, and Balland (2014).

6.2.2

Search Procedure

The procedure to select papers for review followed three steps. First, we retrieved
all papers that were citing the 2009 spatial scientometrics review paper (Frenken
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et al., 2009) either in Thomson Reuters Web of Science (from now on: WoS) or
Elsevier Scopus (from now on: Scopus). Second, we queried WoS to get a comprehensive overview of all spatial scientometric articles published since 2008. The
search was limited to WoS subject categories “information science & library
science,” “geography,” “planning & development,” and “multidisciplinary sciences.” The following search query consisting of a combination of spatial and
scientometric search terms was performed on March 1, 2014:
TS ¼ (spatial* OR “space” OR spatio* OR geograph* OR region* OR “cities” OR
“city” OR international* OR countr* OR “proximity” OR “distance” OR
“mobility”) AND TS ¼ (“publications” OR “co-publications” OR “articles”
OR “papers” OR “web of science” OR “web of knowledge” OR “science
citation index” OR “scopus” OR scientometr* OR bibliometr* OR citation*)1
Third, a number of additional articles were included after full-text reading of key
contributions and evaluation of the cited and citing articles therein.
A total of 1,841 articles met the search criteria of the first two steps. Titles and
abstracts of all articles were evaluated manually to exclude articles that (1) did not make
use of publication data (n ¼ 1,082) or (2) did not report on the spatial organization of
research (n ¼ 405). All other 354 publications were manually evaluated and selected for
review when they focused on one of three research topics on scholarly impact mentioned above. Subsequently, articles not identified in the WoS search, but cited in or
citing key contributions were added.

6.3

Review

We organize our review in three topics. First, we focus on contributions that
analyze the spatial distribution of publication and citation impact accross world
regions, countries and subnational regions. We subsequently pay attention to the
geography of citation impact and provide an exhaustive review of all contributions
that have analyzed the effect of the spatial organization of research activities on
scholarly impact. In a third section we focus on the development of tools and
methods to support the analysis and visualization of spatial aspects of science.

6.3.1

Spatial Distribution of Publication and Citation Impact

The spatial distribution of research activities continues to be a topic of major
interest for academic scholars and policy makers alike. In Nature News, Van

1
Document type¼Article; Indexes¼SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH;
Timespan ¼ 2009–2014.
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Noorden (2010) discussed recent developments in the field by focusing on the
strategies of urban regions to be successful in the production of high-quality
scientific research. Another recent initiative that received attention is the Living
Science initiative (http://livingscience.inn.ac/) which provides real-time geographic maps of the publication activity of more than 100,000 scientists.
The interest in the spatial distribution of research activities is also noted in our
systematic search for spatial scientometric contributions in this sub-field. We found
more than 200 papers that analyzed distributions of bibliometric indicators such as
publication or citation counts across countries and regions. Space does not allow us
to review all these papers. What follows are a number of outstanding papers on the
topic organized according to the spatial level of analysis.

6.3.1.1

World Regions and Countries

Two debates have dominated recent analyses of the distribution of research activities over world regions and countries. First, it is well known that for many decades
scientific research activities were disproportionally concentrated in a small number
of countries, with the USA and the UK consistently ranking on top in terms of
absolute publication output and citation impact. Yet, in recent years this “hegemony” has been challenged by a number of emerging economies such as China,
India, and Brazil.
In particular the report of the Royal Society in 2011, “Knowledge, Networks
and Nations” emphasizes the rapid emergence of new scientific powerhouses.
Using data from Scopus covering the period 1996–2008, the report concludeds
that “Meanwhile, China has increased its publications to the extent that it is now
the second highest producer of research output in the world. India has replaced
the Russian Federation in the top ten, climbing from 13th in 1996 to tenth
between 2004 and 2008” (Royal Society, 2011, p. 18). Based on a linear
extrapolation of these observations, the report also predicts that China is
expected to surpass the USA in terms of publication output before 2020. The
prediction was widely covered in the media, yet also criticized on both substantial (Jacsó, 2011) and empirical grounds (Leydesdorff, 2012). For instance,
Leydesdorff (2012) replicated the analysis using the WoS database for the period
2000–2010 and finds considerable uncertainty around the prediction estimates,
suggesting that the USA will be the global leader in publication output for at
least another decade. Moreover, Moiwo and Tao (2013) show that China’s
normalized publication counts for overall population, population with tertiary
education and GDP, is relatively low, while smaller countries such as Switzerland, The Netherlands and Scandinavian countries are world leaders on these
indicators.
Huang, Chang, and Chen (2012) also analyze changes in the spatial concentration of national publication and citation output for the period 1981–2008 using
several measures such as the Gini coefficient and Herfindahl index. Using
National Science Indicators data derived from WoS, they show that publication
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activity continues to be concentrated in a small number of countries including the
USA, UK, Germany, and France. Yet, their analysis also reveals that the degree of
concentration is gradually decreasing over time due to the rapid growth of
publication output in China and other Asian countries such as Taiwan and
Korea. What is more, when the USA is removed from the analysis, concentration
indicators drop significantly and a pluralist map of publications and citations
becomes visible.
A second issue concerning the spatial distribution of research activities that has
received considerable interest in recent years is the debate about the European
Paradox. For a long time it was assumed that European countries were global
leaders in terms of impact as measured by citation counts, but lagged behind in
converting this strength into innovation, economic growth and employment (Dosi,
Llerena, & Labini, 2006). The idea originated from the European Commission’s
White Paper on Growth, Competitiveness and Employment which stated that “the
greatest weakness of Europe’s research base however, is the comparatively limited
capacity to convert scientific breakthroughs and technological achievements into
industrial and commercial successes” (Commission of the European Communities,
1993, p. 87). This assumption about European excellence became a major pillar of
the Lisbon Agenda and creation of a European Research Area.
To scrutinize the conjecture of Europe’s leading role in citation output,
Albarrán, Ortuño, and Ruiz-Castillo (2011a) compared the citation distributions
of 3.6 million articles published in 22 scientific fields between 1998 and 2002.
The contributions of the EU, USA and Rest of the World are partitioned to obtain
two novel indicators of the distribution of the most and least cited papers as
further explained in a twin paper (Albarrán, Ortuño, & Ruiz-Castillo, 2011b).
They observe that the USA “performs dramatically better than the EU and the RW
on both indicators in all scientific fields” (Albarrán, Ortuño, & Ruiz-Castillo,
2011a, p. 122), especially when considering the upper part of the distribution. The
results are confirmed using mean citation rates instead of citation distributions,
although the gap between the USA and Europe is smaller in this case (Albarrán,
Ortuño, & Ruiz-Castillo, 2011c). Herranz and Ruiz-Castillo (2013) further refine
the analysis by comparing the citation performance of the USA and EU in
219 subfields instead of 22 general scientific fields. They find that on this finegrained level the USA outperforms the EU in 189 out of 219 subfields. They do
not find a particular cluster of subfields in which the EU outperforms the USA. On
the basis of this finding they conclude that the idea of the European Paradox can
definitely be put to rest.
In addition to studies describing the spatial distribution of research activities
across countries and world regions, a number of studies have focused on explaining
these distributions using multivariate models with national publication output as the
dependent variable. For instance, Pasgaard and Strange (2013) and Huffman
et al. (2013) explain national distributions of publication output in climate change
research and cardiovascular research, while Meo, Al Masri, Usmani, Memon, and
Zaidi (2013) build a similar model to explain the overall publication count of a set
of Asian countries. All three studies observe significant positive effects of Research

132

K. Frenken and J. Hoekman

and Development (R&D) investments, Gross Domestic Product (GDP) and population on publication output. Pasgaard and Strange (2013) and Huffman
et al. (2013) also find that field-related variables such as burden of disease in the
case of cardiovascular research and CO2 emissions in the case of climate change
research explain national publication output.
Focusing specifically on European countries, Almeida, Pais, and Formosinho
(2009) explain publication output of countries on the basis of specialization patterns. Using principal component analysis on national publication and citation
distributions of countries by research fields, they find that countries located in
close physical proximity to each other also show similar specialization patterns.
This suggests that these countries profit from each other through knowledge
spillovers. We return to this issue in the next section where we discuss a number
of papers that explain publication output at the sub-national instead of national
level.

6.3.1.2

Regions and Cities

The interest in describing the spatial distribution of scientific output at the level of
sub-national regions and cities has been less than in analysis of the output of
countries or aggregates of countries. This is likely due to the fact that larger data
efforts are required to accurately classify addresses from scientific papers into
urban or regional categories as well as from the fact that science policy is mainly
organized at national and transnational levels. Nevertheless, the number of studies
addressing the urban and regional scales has been rapidly expanding after 2008 and
this trend is likely to continue given the increased availability of tools and methods
to conduct analysis at fine-grained spatial levels (see Sect. 6.3.3).
Matthiessen and Schwarz (2010) study the 100 largest cities in the world in
terms of publication and citation output for two periods: 1996–1998 and 2004–
2006. Even during this short period they observe a rapid rise of cities in Southeast
Asia as major nodes in the global science system when considering either publication or citation impact. They also note the rise of Australian, South American, and
Eastern European cities. These patterns all indicate that the traditional dominance
of cities in North America and Western Europe is weakening, although some of
these cities remain major world-city hubs such as the San Francisco Bay Area,
New York, London-Cambridge, and Amsterdam.
Cho, Hu, and Liu (2010) analyze the regional development of the Chinese
science system in great detail for the period 2000–2006. They observe that the
regional distribution of output and citations is highly skewed with coastal regions
dominating. However, mainland regions have succeeded in quickly raising their
scientific production, but still have low citation impact, exceptions aside. Tang and
Shapira (2010) find very similar patterns for the specific field of nanotechnology.
An interesting body of research has analyzed whether publication and citation
output within countries is concentrating or de-concentrating over time. A comprehensive study by Grossetti et al. (2013) covering WoS data for the period
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1987–2007 finds that in most countries in the world, the urban science system is
de-concentrating, indicating that the largest cities are undergoing a relative decline
in a country’s scientific output (see also an earlier study on five countries by
Grossetti, Milard, and Losego (2009)). The same trend is observed by looking at
citation instead of publication output. Two other studies on France, with a specific
focus on small and medium-sized cities (Levy & Jégou, 2013; Levy, SibertinBlanc, & Jégou, 2013), and a study on Spain (Morillo & De Filippo, 2009), support
this conclusion. The research results are significant in debunking the popular policy
notion that the spatial concentration of recourses and people supports scientific
excellence.
Remarkably, the explanation of publication output at the regional level has
received a great deal of attention in recent years. That is, a number of contributions
address the question why certain regions generate more publication output than
others. This body of research relies on a so-called knowledge production function
framework where number of publications are considered as the output variables and
research investment, amongst other variables, as input in the knowledge production
system. Acosta, Coronado, Ferrándiz, and León (2014) look at the effect of public
spending on regional publication output using Eurostat data on R&D spending in
the Higher Education sector. They find a strong effect of public investment on
regional publication output. Interestingly, this effect is strongest in less developed
regions (“Objective 1 regions” in the European Union) when compared to more
developed regions, meaning that an increase in budget has a higher payoff in less
developed regions than in more developed regions. This result is in line with
Hoekman, Scherngell, Frenken, and Tijssen (2013) who find that the effect of
European Framework Program subsidies is larger in regions that publish less
compared to regions that publish more.
Sebestyén and Varga (2013) also apply a knowledge production framework with
a specific focus on the role of inter-regional collaboration networks and knowledge
spillover effects between neighboring regions. They find that scientific output is
dependent on embeddedness in national and international networks, while it is not
supported by regional agglomeration of industry or publication activity in neighboring regions. They conclude that regional science policy should focus on networking with other regions domestically and internationally, rather than on local
factors or regions in close physical proximity. Their results also confirm the results
of an earlier study on Chinese regions which highlight the importance of spillovers
stemming from international collaborations (Cho et al., 2010).
Finally, some papers analyze the impact of exogenous events on the publication
output of regions or countries. Magnone (2012) studies the impact of the triple
disaster in Japan (earthquake, tsunami and nuclear accident) on the Materials
Science publication output in the cities of Sendai, Tsukuba and Kyoto (the latter
being a “non-disaster situation” control). As expected, the author observes clear and
consistent negative effects of the disaster on publication output in Sendai and
Tsukuba, compared to Kyoto. Studies with similar research questions include
Braun (2012) who studies the effect of war on mathematics research activity in
Croatia; Miguel, Moya-Anegón, and Herrero-Solana (2010) scrutinizing the effect
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of the socio-economic crisis in Argentina on scientific output and impact, and
Orduña-Malea, Ontalba-Ruipérez, and Serrano-Cobos (2010) focusing on the
impact of 9/11 on international scientific collaboration in Middle Eastern countries.

6.3.2

Geography of Citation Impact

6.3.2.1

Collaboration

A topic which has received considerable attention is the effect of geography,
particularly international collaboration, on the citation impact of articles. These
geographical effects can be assessed at both the author level and the article level.
Typically, studies use a multivariate regression method with the number of citations
of a paper or article as the dependent variable, following an early study by Frenken,
Hölzl, and Vor (2005). This research set-up allows to control for many other factors
that may affect citation impact, such as the number of authors and country effects
(e.g., English speaking countries) when explaining citations to articles, and age and
gender when explaining citations to individual scientists.
He (2009) finds for 1,860 papers written by 65 biomedical scientists in
New Zealand that internationally co-authored papers indeed receive more citations
than national collaborations, while controlling for many other factors. More interestingly, he also finds even higher citation impact of local collaborations within the
same university when compared to international collaborations. This suggests that
local collaboration, which is often not taken into account in the geography of
citation impact, may have much more benefits than previously assumed.
The importance of local collaboration is confirmed by Lee, Brownstein, Mills,
and Kohane (2010) who consider the effect of physical distance on citation impact
by analyzing collaboration patterns between first and last authors that are both
located at the Longwood campus of Harvard Medical School. They find that at this
microscale, physical proximity in meters and within-building collaboration is
positively related to citation impact. The authors do not, however, control for
alternative factors that may explain these patterns such as specialization.
Frenken, Ponds, and Van Oort (2010) test the effects of international, national
and regional collaboration for Dutch publications in life sciences and physical
sciences derived from WoS. They show that research collaboration in the life
sciences has a higher citation impact if organized at the regional level than at the
national level, while the opposite is found for the physical sciences. In both fields
the citation impact of international collaboration exceeds the citation impact of both
national and regional research collaboration, in particular for collaborations with
the USA. Sin (2011) compares the impact of international versus national collaboration in the field of Library and Information Sciences. In line with other studies, a
positive effect for international collaboration is found, while no significant effect of
national collaboration as compared to single authorships is observed.
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One problem in interpreting the positive effect of international collaboration on
citation impact holds that this finding may indeed signal that international collaboration results in higher research quality, yet also that the results from internationally coauthored papers diffuse from centers in multiple countries, as noted by
Frenken et al. (2010). These two effects are not necessarily mutually exclusive.
Lancho Barrantes, Bote, Vicente, Rodrı́guez, and de Moya Anegón (2012) try to
disentangle between the “quality” and “audience” effect by studying whether
national biases on citation impact are larger in countries that produce many papers.
They find that the “audience” effect is especially large in relatively small countries,
while the quality effect of internationally co-authored papers seems to be a general
property irrespective of country size.
Nomaler, Frenken, and Heimeriks (2013) do not look at the effect of international versus national collaboration, but at the effect of kilometric distance between
collaborating authors. On the basis of all scientific papers published in 2000 and
coauthored by two or more European countries, they show that citation impact
increases with the geographical distance between the collaborating countries.
Interestingly, they also find a negative effect for EU countries, suggesting that
collaborations with a partner outside the EU are more selective, and, hence, have
higher quality.
An interesting study by Didegah and Thelwall (2013a) looks at the effects of
the geographical properties of references of nanotechnology papers. In particular,
they test the hypothesis that papers with more references to “international”
journals—defined as journals with more geographic dispersion of authors—have
more citation impact. They indeed find this effect. Moreover, after controlling for
the effect they no longer observe an effect of international collaboration on
citation impact. However, in a related paper that studies the effect of 11 factors
on citation impact, of which international collaboration is one, Didegah and
Thelwall (2013b) do observe a positive effect of international collaboration on
citation impact.
Finally, a study by Eisend and Schmidt (2014) is worth mentioning in this
context. They study how the internationalization strategies of business research
scholars affect their research performance in terms of citation impact. Their study is
original in that they specifically look at how this effect is influenced by the
knowledge resources of individual researchers. They find that international collaboration supports performance more if researchers lack language skills and knowledge of foreign markets. This indicates that international collaboration provides
researchers with access to complementary skills. Collaboration also improves the
performance of less experienced researchers with the advantage diminishing with
increasing research experience.
A methodological challenge of studies that assess the effect of international
collaboration on citation impact is self-selection bias. Indeed, one can expect that
better scientists are more likely to engage in international collaboration. For
example, Abramo, D’Angelo, and Solazzi (2011) find that Italian natural scientists
who produce higher quality research tend to collaborate more internationally. The
same result was found by Kato and Ando (2013) for chemists worldwide. To control
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for self-selection, they investigate whether the citation rate of international papers
is higher than the citation rate of domestic papers, controlling for performance, that
is, by looking at papers with at least one author in common. Importantly, they still
find that international collaboration positively and significantly affects citation
impact. Obviously, the issue of self-selection should be high on the agenda for
future research.

6.3.2.2

Mobility

An emerging research topic in spatial scientometrics of scholarly impact concerns
the question of whether internationally mobile researchers outperform other
researchers in terms of productivity and citation impact. Although descriptive
studies have noted a positive effect of international mobility on the citation impact
of researchers (Sandström, 2009; Zubieta, 2009), it remains unclear whether higher
performance is caused by international mobility (e.g., through the acquisition of
new skills), or by self-selection (better scientists being more mobile).
In a recent study, Jonkers and Cruz-Castro (2013) explored this effect for a
sample of Argentinian researchers with foreign work experience. When
returning home, these researchers show a higher propensity to co-publish with
their former host country than with other countries. These researchers also have a
higher propensity to publish in high-impact journals as compared to their
non-mobile peers, even when the mobile scientists don’t publish with foreign
researchers. Importantly, the study accounted for self-selection (better scientists
being more mobile) by taking into account the early publication record of
researchers as an explanatory variable for high-impact publications after their
return to Argentina.
Another study by Trippl (2013) investigates the impact of internationally mobile
star scientists on regional knowledge transfer. Here, the question holds whether a
region benefits from attracting renowned scientists from abroad. It was found that
mobile star scientists do not differ in their regional knowledge transfer activities
from non-mobile star scientists. However, mobile scientists have more interregional
linkages with firms which points to the importance of mobile scientists for
complementing intraregional ties with interregional ones.

6.3.3

Tools and Methods

Besides empirical contributions to the field of spatial scientometrics, a growing
group of scholars have focused on the development of tools and methods to support
the analysis and visualization of spatial aspects of science. Following a more
general interest in science mapping (see for instance: http://scimaps.org/maps/
browse/) and a trend within the academic community to create open source
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analytical tools, most of the tools reviewed below are freely available for analysis
and published alongside the publication material.
Leydesdorff and Persson (2010) provide a comprehensive review and user’s
guide of several methods and software packages that were freely available to
visualize research activities on geographic maps up to 2010. They focus specifically
on the visualization of collaboration and citation networks that can be created on the
basis of author-affiliate addresses on publications. In their review they cover,
amongst others, the strengths and weaknesses of CiteSpace, Google Maps, Google
Earth, GPS Visualizer and Pajek for visualization purposes. One particular strength
of the paper is that it provides software to process author-affiliate addresses of
publication data retrieved from Web of Science or Scopus for visualization on the
city level. The software has been refined over the last years and can be found on:
http://www.leydesdorff.net/software.htm.
Further to the visualization of research networks, Bornmann et al. (2011) focus
on the geographic mapping of publication and citation counts of cities and regions.
They extract all highly cited papers in a particular research field from Scopus, and
develop a method to map “excellent cities and regions” using Google Maps. The
percentile rank of a city as determined on the base of its contribution to the total set
of highly cited papers is visualized by plotting circles with different radii (frequency of highly cited papers) and colors (city rank) on a geographic map. The
exact procedure including a user guide for this visualization tool is provided at:
http://www.leydesdorff.net/mapping_excellence/index.htm.
A disadvantage of the approach in Bornmann et al. (2011) is that it visualizes the
absolute number of highly cited papers of a particular city without normalizing for
the total number of publications in that city. Bornmann and Leydesdorff (2011)
provide such a methodological approach using a statistical z test that compares
observed proportions of highly cited papers of a particular city with expected
proportions. “Excellence” can then be defined as cities in which “authors are
located who publish a statistically significant higher number of highly cited papers
than can be expected for these cities” (Bornmann & Leydesdorff, 2011, p.1954).
The authors use similar methods as in Bornmann et al. (2011) to create geographic
maps of excellence for three research fields: physics, chemistry and psychology.
The maps confirm the added value of normalization as cities with high publication
output do not necessarily have a disproportionate number of highly cited papers.
Further methodological improvement to this method is provided by Bornmann and
Leydesdorff (2012) who use the Integrated Impact Indicator (I3) as an alternative to
normalized citation rates. Another improvement is that they correct observed
citation rates for publication years.
Researchers using the above visualization approaches should be aware of a
number of caveats that are extensively discussed in Bornmann et al. (2011). Visualization errors may occur due to amongst others imprecise allocation of
geo-coordinates or incomplete author-affiliate addresses. Created geographic
maps should therefore be always carefully scrutinized manually.
Building on the abovementioned contributions, Bornmann, Stefaner, de Moya
Anegón, and Mutz (2014a) introduce a novel web application (www.
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excellencemapping.net) that can visualize the performance of academic institutions
on geographic maps. The web application visualizes field-specific excellence of
academic institutions that frequently publish highly-cited papers. The underlying
methodology for this is based on multilevel modeling that takes into account the
data at the publication level (i.e., whether a particular paper belongs to the top 10 %
most cited papers in a particular institution) as well as the academic institution level
(how many papers of an institution belong to the overall top 10 % of most cited
papers). Using this methodology, top performers by scientific fields who publish
significantly more top-10 % papers than an “average” institution in a scientific field
are visualized. Results are visualized by colored circles on the location of the
respective institutions on a geographic map. The web application provides the
possibility to select the circles for further information about the institutions. In
Bornmann, Stefaner, de Moya Anegon, and Mutz (2014b) the web application is
further enhanced by adding the possibility to control for the effect of covariates
(such as the number of residents of a country in which an institution is located) on
the performance of institutions. Using this method one can visualize the performance of institutions under the hypothetical situation that all institutions have the
same value on the covariate in question. For instance, institutions can be visualized
that have a very good performance once controlled for their relatively low national
GDP. In the coming years, further development of the scientific excellence tool is
anticipated.
Bornmann and Waltman (2011) use a somewhat different approach to map
regions of excellence based on heat maps. The visualization they propose uses
density maps that can be created using the VOSviewer software for bibliometric
mapping (Van Eck & Waltman, 2010). A step-by-step instruction to make these
maps is provided on: http://www.ludowaltman.nl/density_map/. In short, the heat
maps rely on kernel density estimations of the publication activity of geographic
coordination and a specification of a kernel width (in kilometers) for smoothing.
Research excellence is then visualized for regions instead of individual cities,
especially when clusters of cities with high impact publication activity are located
in close proximity to each other. The created density maps reveal clusters of
excellence running from South England, over Netherlands/Belgium and Western
Germany to Northern Switzerland.
An entirely different approach to visualizing bibliometric data is explored by
Persson and Ellegård (2012). Inspired by the theory of time-geography which was
initially proposed by Thorsten Hägerstrand in 1955, they reconstruct time-space
paths of the scientific publications citing the work of Thorsten Hägerstrand. Publications are plotted on a two dimensional graph with time (years) on the vertical
axis, space (longitude) on the horizontal axis and paths between a time-space
location indicating citations between articles.

6 Spatial Scientometrics and Scholarly Impact: A Review of Recent Studies. . .

139

Conclusions and Recommendations
Clearly, the interest in analyzing spatial aspects of scientific activity using
spatial scientometric data is on the rise. In this review we specifically looked
at contributions that focused on scholarly impact and found a large number of
such papers. While previously most studies focused solely on national levels,
many scientometrics contributions now take into account regional and urban
levels. What is more, in analyzing relational data, kilometric distance is
increasingly taken into account as one of the determinants of scholarly
impact. The research design of spatial scientometric papers is also more
elaborate than for earlier papers, with theory-driven hypotheses and increasingly a multivariate regression set-up. Progress has also been made in the
automatic generation of data as well as in visualization of this data on
geographic maps. Having said this, we identify below some research avenues
that fill some existing research gaps in theory, topics, methodology and data
sources.
Little theorizing: As noted, many studies start from hypotheses rather
than from data. Yet, most often, hypotheses are derived from general theoretical notions rather than from specific theories of scientific practices.
Indeed, spatial scientometrics makes little reference to theories in economics,
geography or science and technology studies, arguably the fields closest to the
spatial scientometric enterprise. And, conversely, more theory-minded
researchers have also shown little interest in developing more specific theories about the geography of science, so far (Frenken, 2010). Clearly, more
interaction between theory and empirics is welcome at this stage of research
in spatial scientometrics. One can think of theories from network science,
including the “proximity framework” and social network analysis, which aim
to explain both the formation of scientific collaboration networks and their
effect on scholarly impact (Frenken et al., 2009). A second possibility is to
revive the links with Science and Technology Studies, which have exemplified more strategic and discursive aspects of science and scientific publishing
(Frenken, 2010). Thirdly, modern economic geography offers advanced theories of localization, specifically, regarding the source of knowledge spillovers that may underlie the benefits of clustering in knowledge production
(Breschi & Lissoni, 2009; Scherngell, 2014). Lastly, evolutionary theorizing
may be useful to analyze the long-term dynamics in the geography of science,
including questions of where new fields emerge and under what conditions
existing centers lose their dominance (Boschma et al., 2014; Heimeriks &
Boschma, 2014). Discussion of such possibilities in further detail is, however,
beyond the purpose and scope of this chapter.
Self-selection as methodological challenge: As repeatedly stressed, a
major problem in assessing the effect of geography (such as mobility or
long-distance collaboration) on researchers’ scholarly impact arises from
(continued)
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(continued)
self-selection effects. One can expect that more talented researchers are more
internationally oriented, if only because they search for more specialized and
state-of-the-art knowledge. Hence, the positive effects of internationalization
on performance may not reflect, or only partially, the alleged benefits from
international collaboration as such. We have highlighted some recent
attempts to deal with self-selection in the case of international mobility
(Jonkers & Cruz-Castro, 2013) and international collaboration (Kato &
Ando, 2013). Obviously, more research in this direction is welcome.
Mobility as an underdeveloped topic: A research topic which remains
underinvestigated in the literature, despite its importance for shaping spatial
aspects of the science system, is scientific mobility. Although we identified a
number of papers (e.g. Jonkers & Cruz-Castro, 2013; Trippl, 2013) dealing
with the topic, the total number of papers is relatively low and most papers
focus on theoretical rather than empirical questions. One of the reasons for
this state of affairs is the known difficulty in disambiguating author names
purely based on information derived from scientific publications. The challenge in these cases is to determine whether the same or similar author names
on different publications refer to the same researcher (for an overview see:
Smalheiser and Torvik (2009)). Arguably, the increase in authors with a
Chinese last name has made such disambiguation even more difficult, due
to the large number of scholars sharing only a few family names such as
Zhang, Chen or Li (Tang & Walsh, 2010). To deal with this issue scholars
have started to develop tools and methods to solve the disambiguation
problems. Recent examples include but are not limited to Tang and Walsh
(2010); D’Angelo, Giuffrida, and Abramo (2011); Onodera et al. (2011);
Wang et al. (2012); Wu and Ding (2013). Most of these studies now agree
on the necessity to rely on external information (e.g. name lists) for a better
disambiguation or to complement bibliometric data with information from
other sources (e.g. surveys, curriculum vitae). For an overview of author
name disambiguation issues and methods, please see the Chap. 7.
Data source dependency: All spatial scientometric analyses are dependent on the data sources that are being used. It is important to note in this
context that there are differences between the set of journals that are covered
in Web of Science and Scopus, with Scopus claiming to include more
‘regional’ journals. Moreover, the coverage of bibliometric databases
changes over time, which may have an effect on longitudinal analyses of
research activities. A telling example of this is the earlier mentioned predictions of the rise of China in terms of publication output. Leydesdorff
(2012) showed in this respect that predictions of China’s growth in publication output differ considerably between an analysis of the Scopus or Web of
(continued)
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Science database. Basu (2010) also observes a strong association between the
number of indexed journals from a particular country and the total number of
publications from that country. Other notable papers focusing on this issue
include Rodrigues and Abadal (2014); Shelton, Foland, and Gorelskyy (2009)
and Collazo-Reyes (2014). A challenge for further research is therefore to
distinguish between changes in publication output of a particular spatial unit
due to changes in academic production or changes in coverage of scientific
journals with a spatial bias. Following Martin and Irvine (1983) and
Leydesdorff (2012) we suggest relying on “partial indicators” where results
become more reliable when they indicate the same trends and results across a
number of databases.
Alternative data sources: Finally, a limitation of our review is that we
only focused on spatial scientometric papers of scholarly impact and papers
that made use of spatial information as it can be retrieved from individual
publications. As noted in Frenken et al. (2009) there are a number of other
topics that analyze spatial aspects of research activities, including the spatial
analysis of research collaboration and the localized emergence of new
research fields. Moreover, in addition to publication data there are other
large datasets to analyze spatial aspects of science including but not limited
to Framework Programme data (Autant‐Bernard, Billand, Frachisse, &
Massard, 2007; Scherngell & Barber, 2009) and student mobility flows
(Maggioni & Uberti, 2009). Due to space limitations we were not able to
review all these contributions. Yet, while performing the systematic search of
the scientometrics literature, we came across a number of innovative research
topics such as those focusing on spatial aspects of editorial boards (Bański &
Ferenc, 2013; Garcı́a-Carpintero, Granadino, & Plaza, 2010; Schubert &
Sooryamoorthy, 2010); research results (Fanelli, 2012); authorships
(Hoekman, Frenken, de Zeeuw, & Heerspink, 2012); journal language
(Bajerski, 2011; Kirchik, Gingras, & Larivière, 2012); and the internationality of journals (Calver, Wardell-Johnson, Bradley, & Taplin, 2010; He & Liu,
2009; Kao, 2009). They provide useful additions to the growing body of
spatial scientometrics articles.
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