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Abstract

This study focuses on academic institutional repositories as tools that allow us open access to scientific and
academic production. Specifically, we analyze the Top SO0 European University repositories differentiating,
firstly, those repositories linked to Spanish universities compared to those belonging to universities through-
out Europe and, secondly, repositories that only include research content as opposed to those that also in-
clude teaching content. Specifically, this work complements previous studies on the consolidation of the
repositories, focusing on the analysis of the competitive environment by considering their participation and
relative visibility shares. The analysis, using competitive maps and comparative advantage method, allows us
to identify European university repositories that lead their segments, in terms of their levels of participation
and web visibility in the market. In general, without distinguishing by segments, results show that the lead-
ership at European level in terms of participation is held by the University College of London (UK) and the
repository of the University of Umea (Sweden) is the leader in visibility.

Resumen

El presente estudio se centra en los repositorios institucionales universitarios como instrumentos que posibi-
litan el acceso en abierto a la produccién cientifica y académica. Se analizan los Top50 repositorios universi-
tarios europeos diferenciando, en primer lugar, aquellos repositorios vinculados a universidades espafnolas
frente a los pertenecientes a universidades del resto de Europa y, en segundo lugar, los repositorios que in-
cluyen en sus contenidos exclusivamente resultados de investigacion frente a aquéllos que también albergan
recursos docentes. En concreto, este trabajo complementa estudios previos sobre la consolidacion de los
repositorios, profundizando en el analisis del entorno competitivo a partir de sus cuotas relativas de partici-
pacion y de visibilidad web. El analisis efectuado, a través del diseno de mapas competitivos y la aplicacion
del método de la ventaja relativa, permite identificar los repositorios universitarios europeos lideres en sus
segmentos respecto a sus niveles de participacion y visibilidad web en el mercado. A nivel general, sin esta-
blecer diferencias por segmentos, los resultados muestran que el liderazgo a nivel europeo en términos de
participaciéon lo detenta el University College of London (Reino Unido) mientras que el repositorio de la Uni-
versidad de Umea (Suecia) es lider en visibilidad.
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1. Introduction

The study of digital repositories is currently very important because since The Budapest Declara-
tion (BOAI, 2002), which established the first formal definition of the open access movement (rati-
fied and expanded in The Bethesda and Berlin Declarations of 2003), the implantation and devel-
opment of repositories of electronic documents have increased substantially. According to the
Ranking Web of World Repositories, there are more than 1,500 digital repositories in 2012. The
importance of repositories in the communication of scientific knowledge and their role in
strengthening the cooperative spirit in scientific research have led to the need to analyze them.
Coinciding with the rise of the World Wide Web in the 90s, projects linked with the open access
movement began to appear. This entailed free Internet access, with no economic or copyright re-
strictions, to the scientific literature (Suber, 2005). The arXiv repository of pre-publications,
founded in 1991 in the field of Physics, is considered to be the pioneer in the development of digi-
tal repositories.

If we focus on the strategies that characterize the implantation and development of the open ac-
cess movement, it is self-archiving or the green route that began and nurtured the digital reposi-
tories (Harnad & al., 2004; Sanchez & Melero, 2006). Apart from publication in journals, this
strategy means the placing of a copy of a study in a stable repository that allows free on-line ac-
cess. In this context, the term “repository” entails an expansion of the preservation and conserva-
tion characteristics of an archive since, apart from storing information, a repository has other
functions such as the supply, management, recovery, visualization and reutilization of digital
documents (Pinfield, 2009). In this sense, open access to a repository adds easy availability of
content that may come from various sources to the advantages of no cost or unlimited access to
information. Independently of their role of provider of data and/or services (Hernandez, Rodriguez
& Bueno, 2007), repositories can be implemented by institutions, thematic communities, research
centers or other groups. This study focuses on the study of institutional repositories which, ac-
cording to The Budapest Declaration (BOAI, 2002), arose in response to the need for academic
institutions to conserve and preserve their intellectual property and make it available to the edu-
cation and research community.

There is much debate around the content of repositories; some authors (Crow, 2002; Johnson,
2002) defend education-learning as one of the key functions of university, believing that teaching
materials should be included along with research results. Taking this point further, repositories
specializing in teaching design could be a tool for educational staff to learn different teaching
strategies such as a detailed explanation of the steps to be taken in its implementation (Marcelo,
Yot & Mayor, 2011). Other authors oppose this position, supporting the premise that the purpose
of an institutional repository is the diffusion of research results and hold that the key factor is
free access to these results (Harnad, 2005; Sanchez & Melero, 2006).

Notwithstanding this open debate, Lynch (2003) defines the institutional repository in the area of
universities as a collection of services that a university offers to the members of its community for
the management and diffusion of digital materials created by the institution and its members.
Hence, it is an organizational obligation to manage digital material that includes its long-term
preservation, its organization and its access or distribution (Lynch & Lippincott, 2005). In line
with Crow (2002), institutional repositories comply with 2 of the strategic factors of universities.
First, these repositories constitute a critical component of the academic communication system by
expanding access to research, increasing competition and reducing the monopolistic power of the
journals. Second, they can be quantitative indicators of the quality of a university and they can
demonstrate the scientific, social and economic importance of academic activity; thus increasing
the visibility, status and public value of the institution. In a broad sense, university repositories
collect part of the intellectual production of universities, in that they are where the organization,
preservation and diffusion of digital documents derived from academic work take place.

The study of repositories is a current hot topic (Barrueco & Garcia, 2009; Ezema, 2011; Galina,
2011). And within this field there are various lines of research, such as those focused on the anal-
ysis of the technical factors around the implementation of repositories (Koopman & Kipnis, 2009;
Subirats & al., 2008), on attitudes to self-archiving (Carr & Brody, 2007; Chuk & McDonald,
2007; Xia & Sun, 2007), on free access and the impact of citations (Davis, 2010; Gaulé & Maystre,
2011; Giglia, 2010) and on the evolution of repositories (Keefer, 2007; Krishnamurthy & Kempa-
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raju, 2011; Peset & Ferrer, 2008; Wray, Mathieu & Teets, 2009). This study belongs in the last of
these lines and aims to analyze the competitive environment of university repositories through the
volume of digital content, participation of a repository in the supply of digital content and the web
visibility of a repository. The study also uses a double segmentation to consider the geographical
context of the universities that host the repositories and the type of digital content stored in them.
After these initial considerations, the following section describes the methodology and identifies
the sources of information and variables used. Next we present the results differentiated by geo-
graphical area and by the content type of the repositories and we finish with the conclusions de-
rived from the study.

2. Material and methods

2.1. Methodology

After describing the current situation of university repositories in Europe, we use information vis-
ualization (Chen, 2003) to analyze their competitive environment through a comparative map.
More precisely, we use a variant of the dispersion diagram that positions Spanish university re-
positories against those of the rest of Europe in terms of 2 dimensions: their participation and
visibility shares compared to the other competitors in their segment; each repository is represent-
ed by a circle which is indicative of the volume of digital documents derived from the academic
production of the host universities. The analysis by geographical area considers an additional
segmentation around the content of the repositories, differentiating those with content derived
exclusively from research from those that also include teaching resources (mixed repositories).
The final position occupied by a repository in the diagram described above allows us to identify
the leaders in the analyzed dimensions (repositories with relative shares above 1). If there is no
single repository that leads in both dimensions, the leader is identified through the relative ad-
vantage method. This method implies initially obtaining the advantages, in terms of participation
and of visibility, for the 2 repositories that are leaders in each dimension. Next we compare the
above advantages, with the dimension that has the greater relative advantage being the identifica-
tion criteria for the leader repository.

2.2. Data and variables

The university repositories to be analyzed are identified using the Ranking Web of World Reposito-
ries (RWWR) of the Spanish National Research Council (Aguillo & al., 2010). Using the latest
available edition (April 2012), we select the 50 main repositories linked to European universities,
discarding those with incomplete information on the number of entries in the analysis period (see
Table 1). This ranking also provides the degree of visibility of the selected repositories. We use the
Registry of Open Access Repositories (ROAR) to find the size of the repositories through the accu-
mulated number of entries from the foundation date until 31st December 2011. The evolution of
entries during 2011 gives us the participation share for this period for each repository. Finally,
the Academic Ranking of World Universities (ARWU) allows us to identify universities and their
geographical distribution.

Pos. | University Country Pos. [University Country

1 Utrecht Netherlands 26 Oulu Finland

2 Auténoma of Barcelona Spain 27 Erasmus Univ. Netherlands

3 Polytechnic Catalufia Spain 28 Munich Germany

4 Groningen Netherlands 29 Complutense of Madrid Spain

5 Saint Gallen Switzerland 30 Duisburg Germany

6 Southampton United Kingdom 31 Marburg Germany

7 Humboldt Germany 32 Glasgow United Kingdom
8 Minho Portugal 33 Helsinki Finland

9 Ludwig Maximilians Germany 34 Polytechnic of Madrid Spain

10 Twente Netherlands 35 Cambridge United Kingdom
11 Ec. Pol. Federale Lausanne Switzerland 36 Edinburgh United Kingdom
12 Leiden Netherlands 37 Justus Liehig Giessen Germany

13 Liege Belgium 38 College London United Kingdom
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14 Stuttgart Germany 39 Bergen Norway
15 Georg August Germany 40 Frankfurt am Main Germany
16 Heidelberg Germany 41 Malmo University Sweden
17 Goteborg Sweden 42 Konstanz Germany
18 Open Research Online United Kingdom 43 Porto Portugal
19 Alicante Spain 44 Carlos Il of Madrid Spain

20 Southampton United Kingdom 45 Tweente Fac. EEMCS Netherlands
21 Umea Sweden 46 Tartu Estonia
22 London School Econ.Polit.Sc. United Kingdom 47 Studi di Milano Italy

23 Wien Austria 48 Link6ping Sweden
24 Freiburg Germany 49 Pisa Italy

25 Amsterdam Netherlands 50 Regenshurg Germany

Using the above

Table 1. Universities and countries of the Top50 repositories analyzed.

information, we construct the following variables that allow us to analyze the

competitive environment of the Top50 European university repositories.
i) Relative participation share (CPRji) of university repository i (i=1... I}) in geographical area j

(j=1(Spain), 2(Res

t de Europe)) and of type k (k=1(mixed), 2(research), so that:

Cpijk .
CPRijk @CP—(I é Cl) , (1)

Clijk

CPR.,. RT.
with CPR,;, e— y CP; @F”k, where:

C2jk ik

CPjjx: participation share of repository i in geographical area j and of type k,

CPcijx: highest participation share of the repositories in geographical area j of type k,

CPRcijk:  relative participation share of the repository with the highest participation share
in geographical area j of type k,

CPcoi: participation share of the 2rd best competitor in geographical area j of type k.

RTyx: total entries in repository i in geographical area j of type k in the year 2011,

RTjk: total entries of the repositories in geographical area j of type k in the year 2011.

ii) Relative visibility share (CVR;x) of repository i (i=1,..., I) in geographical area j (j=1(Spain),
2(Rest of Europe)) of type k (k=1(mixed), 2(research)), so that:

CVy .
CVRy @ (i ¢ CI),

cljk
CV., . V.
—_Clky CVi @—% | where:
c2jk Vi

with CVR.,; @

CVijik: visibility share of repository i in geographical area j of type k,

CVcix:  highest visibility share of repositories in geographical area j of type k,

CVRcijk:  relative visibility share of the repository with the highest visibility share in geo-
graphical area j of type k,

CVeoj:  visibility share of the 2nd highest competitor in geographical area j of type k.

Vi visibility of repository i in geographical area j of type k,

Vi visibility of the repositories in geographical area j of type k.

Bearing in mind that the degree of visibility (V) of repository i (i=1..., 50) is:

V, @

3
Elink, )

where Elink; represents the position in visibility terms provided by the RWWR, obtained by the

number of extern
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iii) Size (TR) of repository i (i=1... 50) until day T (31 December 2011):
T

TR, @ 7 DD, (4)

teF,
where:

DDy number of digital documents of repository i on day t,
Fi: foundation date of repository i.

Hence, using Equation (1) we quantify the relative participation shares of the repositories —as a
measure of the degree of participation of each repository in the supply of digital content stored in
all the repositories considered-, differentiating Spanish repositories from those of the rest of Eu-
rope and repositories with only research content from mixed repositories. For the generic case of a
given repository in a concrete segment, the relative participation share is the quotient between its
participation share and the highest share of its segment; for the repository with the highest par-
ticipation share, we divide its share by the 2rd highest share. For the calculation of participation
shares we consider the number of entries received by the repository in 2011 compared with the
number of entries of all the repositories in the segment in the same period. With a similar method,
equation (2) finds the relative visibility shares of repositories by segments —as a measure of the
level of market penetration-, considering visibility as the inverse of the position in terms of this
variable given by the RWWM. Finally, in equation (4) referring to the size of the repository —as a
measure of digital academic production- we consider the number of digital documents accumulat-
ed in the repository from the foundation date until the 31st December 2011.

3. Analysis and results

The Top50 European repositories analyzed are distributed so that 12% belong to Spanish univer-
sities and the remaining 88% to universities from the rest of Europe. In terms of content, 56%
only store research results and 44% are mixed repositories. The repositories considered have an
average of 33,630 digital documents, ranging from the 234,760 entries of the University College of
London (United Kingdom) and the 1,502 of the University of Oulu (Finland).

Looking at the analysis of the competitive environment of European repositories without differen-
tiating by segments, the repository of the University of Umea (Sweden) is leader in visibility and
the University College of London (United Kingdom) is leader in participation. In terms of the seg-
mentations by geographical area (Spain versus the rest of Europe) and by content type (research
versus mixed), Figure 1 shows only the leading repositories in the 3 dimensions analyzed. Each
repository is represented in terms of its relative participation and visibility shares, and its size.
The comparative analysis using the double segmentation, and initially focusing on the Spanish
repository market, shows that the repositories of the Auténoma University of Barcelona and the
Polytechnic of Madrid have relative participation shares above 1. Therefore, the repositories of
these universities are leaders in the supply of digital content, with the Polytechnic of Madrid being
leader in the research only segment and the Auténoma University of Barcelona leader in the
mixed segment. Turning to visibility, the leading Spanish repositories are the Polytechnic of Cata-
luna and the Auténoma University of Barcelona for research only and mixed repositories respec-
tively. Given that visibility is related to the number of links received by each repository, these 2
universities are leaders in terms of market penetration.
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Figure 1. Leading university repositories in supply of content, participation and web visibility.

Moving on to the rest of Europe, we find that the University of Liége (Belgium) and the University
College of London (United Kingdom) are leaders in participation in the research only and mixed
segments respectively. The leaders in terms of penetration are the University of Umea (Sweden) for
research repositories and the University of Utrecht (Netherlands) in the mixed segment.

The size of the bubbles in Figure 1, which shows the supply of digital content, gives us the highest
volume repositories for the segments considered. The University Carlos III of Madrid has the larg-
est research repository and the Autonoma University of Barcelona has the largest mixed reposito-
ry. In the rest of Europe, the repositories of the University of Amsterdam (Netherlands) and the
University College of London (United Kingdom) are the largest in the research and mixed seg-
ments, respectively.

Apart from the Autonoma University of Barcelona, which is the leader in participation and pene-
tration in Spanish mixed repositories, there are no repositories that lead in both dimensions;
some lead in participation and others in penetration. Hence, in these cases and for the other seg-
ments, we find the leading repository in the 2 segments by applying the relative advantage method
described in the previous section. The application of this method shows that the leader in the
Spanish research repositories segment is the Polytechnic of Cataluna; the University of Umea
(Sweden) is the leader in research repositories in the rest of Europe; and, finally, the leader of the
rest of Europe mixed repositories segment is the University of Utrecht (Netherlands).

To go further into the characterization of repositories that do not lead in any of the dimensions
considered, Figure 2 identifies repositories with content supply and relative participation and visi-
bility shares that are above average for the non-leaders group. We obtain these average values
through the maximum and minimum values in each dimension.
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Figure 2. Non-leading university repositories with notable positions in supply of content,
participation and web visibility.

Looking at Figure 2 and focusing on the Spanish repositories, we find three repositories that
stand out for their above average values for relative participation and visibility shares. While the
research only repository of the University Carlos IIl of Madrid and the mixed repository of the Uni-
versity of Alicante stand out in terms of participation, the repositories of the universities of Com-
plutense of Madrid, Alicante and Carlos III of Madrid stand out in terms of market penetration.
With regard to repositories from the rest of Europe, the research repositories of the universities of
Milan (Italy), Amsterdam (Netherlands) and Glasgow (United Kingdom), and the mixed repositories
of the Federal Polytechnic School of Laussane (Switzerland) and the University of Southampton
(United Kingdom) stand out in participation. In terms of penetration, notable repositories are the
research repository of the University of Humboldt (Germany) and the mixed repositories of the
universities of Oulu (Finland), Stuttgart (Germany), Saint Gallen (Switzerland) and Southampton
(United Kingdom).

To synthesize the information in Figures 1 and 2, Table 2 shows the leading repositories and
those that are above average in the dimensions of participation, visibility and size for the seg-
ments considered. This table shows in italics the absolute leader repositories in their segments
after applying the relative advantage method; in other words, those that lead in both participation
and penetration.
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Institutional University Repositories

Spanish Rest of Europe
Position | Research | | Mixed Research | [ Mixed
Dimension: Participation
1| Univ. Polytechnic of Madrid ;J;uv. Auténoma of Barcelo- Univ. Lige (Belgium) ggr:\q/) College London (United King-
2 | Univ. Carlos Il of Madrid Univ. of Alicante Univ. Milan (Italy) Esc. Polytechmc Federal of
Laussane (Switzerland)
3 ll;?]'(\jg)m Amsterdam (Nether, Univ. Southampton (United Kingdom)
4 Univ. Glasgow (UK))
Dimension: Web visibility
1 | Univ. Polytechnic of Catalufia h)glv. Auténoma of Barcelo- Univ. Umea (Sweden) Univ. Utrecht (Netherlands)
2 | Univ. Carlos IIl of Madrid gr?év' Complutense of Ma- Univ. Humboldt (Germany) Univ. Oulu (Finland)
3 Univ. of Alicante Univ. Stuttgart (Germany)
4 Univ. Saint Gallen (Switzerland)
5 Univ. Southampton (United Kingdom)
Dimension: Size
1| Univ. Carlos 11l of Madrid Univ. Auténoma of Barcelo- Univ. of Amsterdam (Nether- Univ. College London (United King-
na lands) dom)
2 Univ. of Alicante Univ. Milan (Italy) Univ. Cambridge (United Kingdom)
3 Univ. Liége (Belgium) Univ. Utrecht (Netherlands)

Table 2. Principal institutional university repositories.

4. Discussion and conclusions

In response to the cementing of the position of free access as a model of scientific communication
in the scientific-academic world and the growing number of institutional repositories, we propose
the need to evaluate this type of application. This study analyzes the market of the TopS0 Euro-
pean university repositories, differentiating within the same competitive environment repositories
linked to Spanish universities from those pertaining to universities from the rest of Europe and
further differentiating repositories that only store research results from those that also include
teaching resources. Concretely, this study complements previous studies on the consolidation of
repositories that focus on the volume of digital content derived from the production of universi-
ties. As a new contribution, we go deeper into the analysis of the competitive environment of the
repositories through their relative participation and web visibility shares, which identify the lead-
ing repositories in a double segmentation by geography and content type.

Looking at the Spanish repositories, there are currently 6 Spanish university repositories in the
TopS0 European institutional repositories: the universities of Auténoma of Barcelona, Polytechnic
of Cataluna, Alicante, Complutense of Madrid, Polytechnic of Madrid and Carlos III of Madrid.
Looking further into the national context, the first positions in the dimensions analyzed are held
by the research repository of Carlos III University of Madrid and the mixed repository of the
Autoénoma University of Barcelona. However, the Polytechnic of Madrid holds first place in partici-
pation in research repositories and the Auténoma University of Barcelona leads the mixed reposi-
tories segment. In terms of market penetration, the Polytechnic of Cataluna and the Auténoma
University of Barcelona have the leading research and mixed repositories, respectively.

Turning to the rest of Europe, we find that the University of Amsterdam (Netherlands) and the
University College of London (United Kingdom) have the largest repositories, the former in the
research segment and the latter in the mixed segment. The universities of Liége (Belgium) and the
University College of London (United Kingdom) are leaders in participation in the research and
mixed segments, respectively. The leaders in terms of penetration are the research repository of
the University of Umea (Sweden) and the mixed repository of the University of Utrecht (Nether-
lands).
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Accordingly, the leading universities in relative participation share give more importance to the
basic functions of storage and preservation that characterize institutional repositories. These uni-
versities develop their repositories as a complement to the traditionally used options for present-
ing academic production. In this sense, they are using their repositories to make themselves bet-
ter known by offering open access to a wide variety of the teaching and/or research output of their
academic staff. In the terms of penetration, leading positions in web visibility of academic output
strengthen the function of diffusion of own knowledge of the repository as a means of communica-
tion. Therefore, leading positions in both participation and penetration allow a university to not
only make itself better known than others, with regard to its academic output, but to also in-
crease possible access to this academic output. In this sense, the leading repositories in the di-
mensions considered gain importance as means of communication of teaching and research
knowledge, with emphasis on the functions of storage, preservation and diffusion of knowledge.
Although this study characterizes the main university repositories in terms of volume of digital
content, participation in the supply of this content and web visibility, there is scope to continue
this line of research with a causal analysis to identify the determining factors of the leading posi-
tions in the different dimensions. Among other aspects, factors such as the language of the repos-
itory, the diversity of the content, the size of the institution or its funding could be analyzed to see
whether they influence the leading positions. Similarly, and taking the premise that a large pres-
ence in the market through high content volume is not the only important factor, researchers
could also investigate the quality of the content stored in repositories as an additional key factor
in the evolution of these instruments that give open access to scientific output; this could be an-
other future research line.
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