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University web sites play an important role in féaiing a wide range of types of
communication. This paper reports an analysis t@rirational academic linking in Europe,
with particular reference to European Union (EUggration. The Microsoft search service
was used to calculate international interlinkingutaversities and from universities. Four
different web topologies were found for the linkusture data and poorly connected countries
were identified. The results show the expected Bhidance of the large richer Western
European nations, particularly the UK and Germahlye new EU countries are not yet
integrated into the EU web but some show strongpnedj connections.

Introduction

Although the primary outputs of science are acadgmaipers, with an increasing role for
commercial activities such as patenting and tedgyotransfer, university web sites perform
a range of useful supporting roles. These inclutlerising research projects results and
capabilities as well as marketing educational ojpymities and providing information for
current staff and students (Middleton, McConnell,Dfavidson, 1999). The web may be
particularly important to help build internationebnnections. For example, it seems that
maintaining an up-to-date web site is sometimes s@ean essential research group activity
(Fry, 2006), perhaps because it can help in raoarit as well as in general research publicity
(Barjak, 2005). Hence for organisations such asBheopean Union (EU) that promote
academic integration, ensuring that academic wdilighing is universally effective is a
desirable goal. Counts of hyperlinks to a web aitiarger web space have been proposed as
a web impact measure (Ingwersen, 1998) and previesesarch (reviewed below) suggests
that it is reasonable to use international linksirteestigate the extent of academic web
integration and the impact of individual nationgiversity web sites within a region.

A few reported hyperlink studies have focussedimernational academic web
interconnectivity. In a study of 16 European cowasr the importance of English for
academic interlinking was established, accountorchflf of the international linking pages.
In addition, countries’ universities tended to limost to countries with shared languages or
which were geographically close (Thelwall, TangPé&ce, 2003). Similar patterns may also
appear within a single country such as the UK (gaggc) (Thelwall, 2002) and Canada
(linguistic/cultural and geographic) (Vaughan, 20@&ughan & Thelwall, 2005). Greece was
an exception in the EU study: publishing predomilyann Greek and being almost
disconnected from the rest of the (then) EU. A l&ratudy of the universities in the 15
European Union Member states (before 2004) confirntteat international linking is
associated with country size (Heimeriks & van desd$®laar, 2006), and that there was some
clustering amongst countries, although not in ametely intuitive way. Also in Europe but
focussing on life sciences research groups, anuglded research project identified the UK
and Germany as central actors on the web, refipthieir research and strengths in the field,
but with France being relatively marginal onlinehélwall & Li, 2005). At the level of
research teams within Europe, web linking does se#m to directly reflect patterns of
collaboration or co-authorship, at least for bibtemlogy, artificial intelligence and

! Scientometrics, to appear.
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information science, and web sites appeared to“sedal and public interface” for research
(Heimeriks, Hérlesberger, & van den Besselaar, 2083follow-up study found that the
international interlinking of research teams wamiicantly more cognitively structured than
the international interlinking of universities, ptanably because the latter is partly an
aggregation of different cognitive structures (Heiiks & van den Besselaar, 2006). On an
intercontinental scale, linking between the topnbversities in each ASEAN country (Asia
and Europe) showed a European dominance with thatdkKGermany again leading (Park &
Thelwall, 2006). Within the Asia-Pacific area, tlrgks between universities aggregated on
the national level seemed to reflect internatiguestterns of scientific collaboration, except
that smaller countries seemed to be over-repregeote the web, perhaps because of
exhaustive web sites that linked to every counhiyfersity/department matching a given
criterion (Thelwall & Smith, 2002). A study of tleternational links between departments of
biology, chemistry and physics in Australia, Canadd the UK found significant differences
at both the national and the disciplinary level, (Lhelwall, Wilkinson, & Musgrove, 2005,
2005).

Despite the above-reviewed research, new investiga are needed into the EU
academic web. This is because previous researchdtavered the recently expanded EU,
which has a current need for rapid integration. &deer, international academic link analysis
is dependant upon the facilities provided by conumaérsearch engines, and these have
recently changed with the introduction of Yahoo!daMicrosoft APIs (Applications
Programming Interfaces), which are more powerfuliftk analysis than the existing Google
API (Mayr & Tosques, 2005). In this paper we explthe potential of current link analysis
techniques for assessing EU academic web integrdtoussing on two research questions.

1. Web presence: Are there any countries in Europe that are fglliehind in the use of
the web for universities?
2. Topology: What is the overall structure of the academic welBurope?

Link Analysis Methods

Search Engine Queries

There are currently two sources of information ddmks between web sites: commercial
search engines and personal crawlers. A persoaalar, also known as a robot or spider, is
a computer program that downloads web pages anowmltheir links recursively. For
example it might be fed with the URL of a web sitabme page and then attempt to find and
download all of the remaining site pages. Reseasdh&ve used web crawlers to investigate
university web site interlinking. The scale of mesth research has been national (Thelwall,
Vaughan, & Bjorneborn, 2005) because crawling usitye web sites is time consuming.
Two of the major families of search engines, Yahantl MSN (The Microsoft Network
search engine, also known as Windows Live) can laésased for link counting using their
I i nkdomai n: and site: advanced search commands. For example
I i nkdonai n: W v. ac. uk site: knaw. nl returns pages within the knaw.nl domain
(including subdomains like niwi.knaw.nl) that cantlinks to the wlv.ac.uk domain (again
including subdomains). Hence it is relatively e&syount the number of links between any
pair of web sites (actually link pages rather thiaks, but we blur this distinction in the
remainder of the paper) using MSN or Yahoo! Tharex ikey limitation, however: search
engine coverage of web sites is often incompletktheir reported total number of results can
be estimates, and hence the figures can be indecura

One previous study has used the commercial seangimee AltaVista (now joined
with Yahoo!) to count links between university weites throughout Western Europe. This
study constructed large composite Boolean quenesdmbining many separate queries
together. For example, one long query returned $agany Belgian university that linked to
any Greek university (Thelwall et al., 2003). Thiethod is no longer practical, however,
because testing for this research revealed thatlseagines now return incorrect results for
very long queries. In theory, it is possible to mbthe number of link pages from all the
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universities in the country A to all of the univitiess in country B through a separate query
for each pair of universities but this is impraatiif too many universities are involved.

Two similar queries are more practical. It is pbksito count the pages linking
between a university and a country code domaintlaisctan be achieved with a single query.
For examplel i nkdomai n: Wl v. ac. uk site: de counts pages in the German (de)
domain that link to the University of Wolverhampto&imilarly, | i nkdomai n: de
site:w v. ac. uk counts University of Wolverhampton pages that liokthe German
domain. It is possible to measure the connectitidyween the 149 UK universities (or
university colleges) and the German domain by stihmgi 298 queries and totalling the
results (two queries for each university, as abowe}o measure inter-university connectivity
would take 149x258 = 38,442 queries (there are@&8nan University institutions).

Automatic Query Submission

The major search engine families allow queriesaosbbmitted automatically by programs
but only via their official APl or Web service. T¢& have restrictions in the number of
gueries that can be submitted. In addition, Yalow Google have the additional limitation
that their APIs give results from only a subsethdir full database. Hence using MSN has
the most potential for good results for link anaysesearch requiring large numbers of
gueries.

* Google: 1,000 per user per day (restricted database

* MSN: 10,000 per computer (Internet Protocol addressday (full database)

* Yahoo!: 5,000 per user per day (restricted datgbase

All commercial search engines return up to a firsakimum number of URLS per

guery, which generates a methodological problemog&oand Yahoo! return up to 1000
matching URLs per query, and MSN only 250. Thiarigssue for link counting research that
is ostensibly only interested in the link countsl arot individual URLs because previous
research has shown that the URL-based AlternatoeuBent Model link counting methods
can give better results than simple link (or lirdgp) counting (Thelwall, 2002; Thelwall &
Harries, 2004). Although methods have been devdlopeircumvent the limited number or
URLs per query (Thelwall, Vann, & Fairclough, 20@B¢se are currently impractical to use
on a large scale for multiple queries because @i theed for human intervention and the
generation of possibly large numbers of extra gserHence the use of standard link page
counting is unavoidable for the current study.

Data Collection

For the current study and based upon the limitatidiscussed above we adopted the
following procedure. First, we identified the domaiames of the universities of the 25
European Union member states (as of January 20figaBa and Romania became members
in January 2007). In addition, we identified therdin names of the universities of 18 further
European nations for comparison purposes (see Alppenable 1). Using the MSN Web
Service and the free LexiURL software (http:/lekiulv.ac.uk/) we submitted queries to
MSN over a period of one month to count links (lipeges) between each identified
university and each identified official Europeanbagomain (in both directions). We then
consolidated the data by totalling the resultsdibruniversities in a country. This gave two
matrices. The first matrix recorded the numberimfd (link pages) from the universities of
countryi to the country code domain pfThe second matrix recorded the number of links
(link pages) to the universities of counirffom the country code domain of country

Web presence

Figure 1 summarises the four link data sets catbédtor convenience we describe the sum of
all these statistics as the ‘web presence’ of atgularger web presence values suggest a
more active international academic interlinking aad/or from the country and/or its
universities. The graph confirms the trend for ¢airgnd richer countries to have more links of
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all kinds associated with them. Figure 1 is diffido properly interpret, however, precisely
because of the varying sizes and wealth of thetcegrcovered.
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Figure 1 Link pages in the two data sets.

Figure 2 uses 2004 and 2005 (the latest availaledch country) Gross Domestic Product
(GDP) data from the World Bank website in ordebémchmark links against the wealth of
countries (The World Bank Group, 2006). The apprately linear graph (Pearson
correlation 0.905, more reliable non-linear Speare@relation: 0.942) gives confidence that
this comparison is appropriate. We also compared lithk data with tertiary education
enrolment and population statistics, both of whpcbvided a significantly worse fit. Using a
weak benchmarking approach (Thelwall, 2004), the¢liea give the most significant
information. These are countries that attract nedft few/many links for their wealth. The
poorest-performing country was Albania (2% of thverage links/GDP ratio), with France
(29%), Turkey (30%), Bosnia and Herzegovina (32%g) Baly (32%) and following closely.
The best-performing countries were Estonia (302%@) Eeland (260%). The best of the
larger countries were Austria (148%), Switzerlah83%0) and Finland (165%). There was a
slight tendency for EU member states to have adnigitio than the rest, especially the larger
countries. There is not, however, a clear tendéac{eU countries to be significantly better
than the rest.

A possible alternative reading for Figure 2 istttieere are three web tendencies at
work: high web use (e.g. ch, nl, at, se, fi), mediweb use (e.g., de, uk) and low web use
(e.g. ru, es, it, fr). These three groups couldceorably be following different patterns
although we can only speculate about what the sacma@ld be. One possible cause might be
the different structures in education, with cowgrihat have significant and elite government
research outside of universities loosing linkshi® tiniversities as a result. Another possibility
is that countries except the UK with a strong in#ional focus outside Europe are
disadvantaged (perhaps Spain, France, Portugaheamame for larger countries that have a
strong tradition of using their own language inderaic research (e.g. Germany, France,
Spain, Russia).
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Figure 2. Link pages against GDP (US$, 2005 or 20@4the combined four link data sets.

Topology

Total Interlinking (Raw Link Counts)

Visualisations are needed for the strength of auenectivity between the European nations.
Previous similar research has used a variety ééreifit methods. Link diagrams use arrows
for links, with arrow widths proportional to linkoants and no special positioning of the
arrow sources and targets (Thelwall, 2001). Otlerge used clustering and visualisation
methods designed to identify groups of similarteagirather than the strength of connections.
These have used statistical techniques such arttigral cluster analysis (Musgrove, Binns,
Page-Kennedy, & Thelwall, 2003) or multidimensiosakling (MDS), often with colink
counts rather than direct link counts as a sintjlameasure (Ortega, Aguillo, Cothey, &
Scharnhorst, 2007, to appear; Ortega Priego, 2B8ianco, Boudourides, Besagni, & Roche,
2001; Vaughan, 2005; Zuccala, 2006). An alternatiieice for a link diagram, and used
below, is one with the nodes (countries) positiomat highly interconnected countries close
together, and arrow thickness proportional to liwknts. The positioning of nodes can be
achieved with a standard algorithm such as KamaalaaK (Kamada & Kawai, 1989), as
implemented in the graph drawing program Pajek.usd Kamada-Kawai but adjusted the
positions of the nodes to make the diagram moriéya@aterpretable, for example by reducing
the number of line crossings and positioning stnadly similar nodes close together to create
a visual pattern (e.g. hu, gr, ie, and ie in FigByan line with mathematical graph theory
visualization recommendations (Battista, Eades,assm, & Tollis, 1999).
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Figure 3: (Links to universities; core and perighgnape) European link network with the
width of arrows proportional to the number of pagethe source country domain linking to
university web sites in the target country domainks below 10% of the maximum are not

shown; unlinked countries are not shown.
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Figure 4: (Links from universities; core and pedphshape) European link network with the

width of arrows proportional to the number of pagethe source country universities linking
to the target country domain. Links below 10% @&f thaximum are not shown; unlinked

countries are not shown.

From figures 3 and 4 it can be seen that theresisndar overall pattern of linking although
the shapes of the graphs are slightly differentodth cases, and particularly Figure 4, it is
clear that there is a core of densely interconieletejer countries plus a periphery of smaller
ones that mainly connect to the larger countrisscdmparison to a similar previous graph
(Heimeriks & van den Besselaar, 2006), in figurean@ 4, the UK appears more central and
interconnected, and the overall network has matetstre, in line with the expanded set of
countries. The previously observed dominance ofteand Germany (Ortega et al., 2007,
to appear) is also apparent but not overwhelmirng importance of Switzerland (ch, not in
the EU) is clear from the above map. Poland, a nawe to the EU, is surprisingly well
connected. Perhaps this reflects a strong compirnihggstry or the recent wave of migration.
The pattern is of a core and periphery, rather tiempolitical linking, although there is an
element of both.

Normalised Network Diagrams

Although the network diagrams above show the s&shlink connections within the data set,
it is also useful to identify pairs of countriesthwvrelatively strong ties. For this some kind of
size normalisation is needed so that countries Wit links can have their main partners
identified. For international co-authorship dateaGel and Schubert (2001) used Salton’s
measure, the geometric mean. A characteristicasiths biased towards the countries with
most links, despite the normalisation. Network diags based upon Salton’'s measure (not
shown) were similar to the non-normalised diagréfangures 3 and 4).

An alternative is to use the theoretical approdcthe Chi-square test. This assumes
that there is no relationship between the countiies calculates an expected value for the
links from A to B. The ratio (actual — expectedpegted can be used as an indicator for how
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far the actual link count deviates from the expéatalue (Luukkonen, Persson, & Sivertsen,
1992; Tijssen & Moed, 1989). Musgrove (Musgrovealet 2003) and others (Liang & Zhu,
2002) have shown that the Chi square contingenol tealculations used to calculate the
expected values need a correction factor to congperier the zero diagonal (i.e. the lack of
self-links), and this correction factor is to saotrfrom the denominator the sum of the target
country inlinks. This adjustment removes bias agjathe larger countries. Note that this
adjustment only made a small difference to therdiag produced with our data set.
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Figure 5. (Fragmented geopolitical map) Strongaekslusing Musgrove-corrected Chi-
square values. Links below 10% of the maximum ateshown; unlinked countries are not
shown.

From Figure 5 it is clear that after normalisattbe strongest links are between the
smallest nations and reflect geopolitical consitiens. Most of the links above reflect known
political connections. For example: the countriédoomer Yugoslavia are represented and
many interlink; similarly for the former countried the Czech Republic; Greece links to
Cyprus, Finland to Estonia. It is possible, howevbat this method over-emphasises the
connections between small countries because ceantiith few links may reflect a different
linking dynamic (Thelwall & Smith, 2002).
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be
Figure 6. (Connected geopolitical map) Strongessslibetween the top 13 countries (links to
universities) using Musgrove-corrected Chi-squalees. Links below 10% of the maximum
are not shown.

Figure 6 uses the same statistics but reportstbelyop 13 countries in order to see
how they interlink. This normalised graph is againmarily geopolitical. The UK and
Germany are present but do not dominate. Integdgtithe UK is connected weakly to many
countries but Germany is strongly connected to otfeer and weakly to three others. All
except the UK are neighbours. This suggests than@w®y’'s influence is most strong in its
region but the UK may be more widely influentidbeit nowhere strongly influential. Again,
Poland has a significant presence as a nhewcomer.

Conclusions

Perhaps the clearest outcome from the analysieisdt of outliers in Figure 2: countries that
may be under-represented on the web. Given thertanpee of the web in academic research,
this is an important finding and problem for Europe

The network diagrams show that the Web, at leastemsured by linking, is dominated
by the larger Western European nations, primariig former EU countries but also
Switzerland and, perhaps surprisingly, Poland. Teb clearly reflects geopolitical
influences upon link creation in addition to thélience of the larger, richer countries.

In terms of the methods used, we were unable tadgel data — that of interlinking
between universities - because the scale of thee atdkection made this impractical with the
current generation of web search tools. Hence viehasve focused on data about links to
individual universities from whole countries anade/iversa. Nevertheless, the methods were
able to get data that gave believable results.réalevalue of this research may be seen in the
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future when comparisons are made in successiva yeadentify changes in linking patterns,
perhaps helping to assess the extent of Europe¢agration. Nevertheless, because of the
dependence upon search engines and a wide ramgaswins for informal link creation, such
conclusions would need to be interpreted cautiously

Appendix

Table 1. Country codes and country names. EU ciegrdre in bold, and those that joined on
1 May 2004 are italicised. Bulgaria and Romaniagdiin January 2007.

Country Country

Code

at Austria

be Belgium

cy Cyprus

cz Czech Republic
de Germany
dk Denmark

ee Estonia

es Spain

fi Finland

fr France

gr Greece

hu Hungary

ie Ireland

it Italy

It Lithuania

lu Luxembourg
Iv Latvia

mt Malta

nl Netherlands
pl Poland

pt Portugal

se Sweden

si Slovenia

sk Slovakia

uk UK

ad Andorra

al Albania

ba Bosnia and Herzegovina
bg Bulgaria

by Belarus

ch Switzerland
hr Croatia

is Iceland

li Liechtenstein
md Moldova

mk Macedonia
no Norway

ro Romania

ru Russia

sm San Marino
tr Turkey

ua Ukraine

yu Serbia and Montenegro




11/12

References

Barjak, F. (2005)NetReAct deliverable 1.1: Characterisation of doctoral students.Solothurn:
University of Applied Sciences Solothurn Northwest8witzerland.

Battista, G. D., Eades, P., Tamassia, R., & Tdlli§999).Graph drawing: Algorithms for
the visualization of graphs.New York, NY: Prentice Hall.

Fry, J. (2006). Coordination and control acroserddic fields. implications for a
differentiated e-science. In C. Hine (Ed\pw infrastructures for knowledge
production: Understanding e-science (pp. 167-188). Hershey PA: Idea Group Inc.

Glanzel, W., & Schubert, A. (2001). Double effortisuble impact? A critical view at
international co-authorship in chemist8zientometrics, 50(2), 199-214.

Heimeriks, G., Horlesberger, M., & van den BesselBa(2003). Mapping communication
and collaboration in heterogeneous research nesa8rientometrics, 58(2), 391-
413.

Heimeriks, G., & van den Besselaar, P. (2006). yriaf hyperlink networks: The meaning
of hyperlink-based indicators of knowled@&bermetrics, 10(1), Retrieved August
1, 2006 from:
http://www.cindoc.csic.es/cybermetrics/articles/4Qi2001p2001.html.

Ingwersen, P. (1998). The calculation of Web ImgssattorsJournal of Documentation,
54(2), 236-243.

Kamada, T., & Kawai, S. (1989). An algorithm foading general undirected graphs.
Information Processing Letters, 31(1), 7-15.

Li, X., Thelwall, M., Wilkinson, D., & Musgrove, . (2005). National and international
university departmental web site interlinking, pari/alidation of departmental link
analysis.Scientometrics, 64(2), 151-185.

Li, X., Thelwall, M., Wilkinson, D., & Musgrove, . (2005). National and international
university departmental web site interlinking, pirtink patternsScientometrics,
64(2), 187-208.

Liang, L., & Zhu, L. (2002). Major factors affecgirChina's inter-regional research
collaboration: Regional scientific productivity agdographic proximity.
Scientometrics, 55(2), 287-316.

Luukkonen, T., Persson, O., & Sivertsen, G. (1982derstanding patterns of international
scientific collaborationScience, Technology, & Human Values, 17(1), 101-126.

Mayr, P., & Tosques, F. (2008}00gle Web APIs. An instrument for webometric analyses?
Retrieved January 20, 2006, from http://www.ib.hu-
berlin.de/%7Emayr/arbeiten/ISSI2005_Mayr_Toques.pdf

Middleton, I., McConnell, M., & Davidson, G. (199¥resenting a model for the structure
and content of a university World Wide Web silaurnal of Information Science,
25(3), 219-227.

Musgrove, P. B., Binns, R., Page-Kennedy, T., &lvad, M. (2003). A method for
identifying clusters in sets of interlinking Webases Scientometrics, 58(3), 657-
672.

Ortega, J. L., Aguillo, 1., Cothey, V., & ScharnkgrA. (2007, to appear). Maps of the
academic web in the European Higher Education Aaraexploration of visual web
indicators.Scientometrics.

Ortega Priego, J. L. (2003). A Vector Space Modeh anethodological approach to the
Triple Helix dimensionality: A comparative study Biology and Biomedicine
centres of two European national research coufroiis a Webometric view.
Scientometrics, 58(2), 429-443.

Park, H. W., & Thelwall, M. (2006). Web science aoomication in the age of globalization:
Links among universities' websites in Asia and perdlew Media and Society, 8(4),
631-652.



12/12

Polanco, X., Boudourides, M. A., Besagni, D., & Recl. (2001). Clustering and mapping
Web sites for displaying implicit associations amglialising networks:University of
Patras.

The World Bank Group. (2006EDSTATS - Global Country Data. Retrieved July 30, 2006,
from http://devdata.worldbank.org/edstats/cd5.asp

Thelwall, M. (2001). Exploring the link structuréthe Web with network diagramdournal
of Information Science, 27(6), 393-402.

Thelwall, M. (2002). Conceptualizing documentatonthe Web: An evaluation of different
heuristic-based models for counting links betwerinearsity web sitesJournal of
American Society for Information Science and Technology, 53(12), 995-1005.

Thelwall, M. (2002). Evidence for the existencegebgraphic trends in university web site
interlinking. Journal of Documentation, 58(5), 563-574.

Thelwall, M. (2004). Weak benchmarking indicatars formative and semi-evaluative
assessment of resear&lesearch Evaluation, 13(1), 63-68.

Thelwall, M., & Harries, G. (2004). Do the Web sitef higher rated scholars have
significantly more online impact®urnal of the American Society for Information
Science and Technology, 55(2), 149-159.

Thelwall, M., & Li, X. (2005).Web networksin life sciences research (NetReAct D2.4).Bonn,
Germany: Empirica Gesellschaft fir Kommunikatiomse Technologieforschung
mbH.

Thelwall, M., & Smith, A. G. (2002). A study of ilinking between Asia-Pacific university
web sitesScientometrics, 55(3), 335-348.

Thelwall, M., Tang, R., & Price, E. (2003). Lingtiespatterns of academic web use in
Western Europescientometrics, 56(3), 417-432.

Thelwall, M., Vann, K., & Fairclough, R. (2006). \Wéssue analysis: An Integrated Water
Resource Management case studwrnal of the American Society for Information
Science & Technology, 57(10), 1303-1314.

Thelwall, M., Vaughan, L., & Bjorneborn, L. (200%)/ebometricsAnnual Review of
Information Science and Technology, 39, 81-135.

Tijssen, R., & Moed, H. F. (1989). Literature-baseatistical analyses of international
scientific co-operation, an exploratory case stoidthe Netherlands. In A. F. J. van
Raan, A. J. Nederhof & H. F. Moed (Ed&}ience Sudies (Select Proceedings of the
First International Workshop on Science and Technology Indicators, Leiden, 1988)
(pp. 129-146). Leiden: DSWO-Press.

Vaughan, L. (2005). Exploring website featurestfosiness informatiorgcientometrics,
61(3), 467-477.

Vaughan, L. (2006). Visualizing linguistic and cwhl differences using Web co-link data.
Journal of the American Society for Information Science and Technology, 57(9),
1178-1193.

Vaughan, L., & Thelwall, M. (2005). A modeling apacch to uncover hyperlink patterns:
The case of Canadian universitiesormation Processing & Management, 41(2),
347-359.

Zuccala, A. (2006). Author cocitation analysisasritellectual structure as web colink
analysis is to...3ournal of the American Society for Information Science &
Technology, 57(11), 1487-1502.



