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Abstract Universities’ online seats have gradually becommmex systems of dynamic information
where all their institutions and services are lthkend potentially accessible. These online seat no
constitute a central node around which universitieastruct and document their main activities and
services.

This information can be quantitative measured byecyetric techniques in order to design university
web rankings, taking the university as a globakmefice unit. However, previous research into web
subunits shows that it is possible to carry outesysc web analyses, which open up the possibility o
carrying out studies which address university diitgr necessary for both describing the university
greater detail and for establishing comparabl&irgnunits.

To address this issue, a multilevel university eyletric analysis model is proposed, based on peote
and satellite), levels (institutional and exterreatld sublevels (contour and internal), providindeaper
analysis of institutions. Finally the model is igtated into another which is independent of thanepie
used, and applied by analysing Harvard Universtamexample of use.

Keywords Universities, Academic websites, Webometrics, Newél Analysis model, Web unit
analysis, Complutense University of Madrid, Harvadversity

1. Introduction

From the outset, the Internet and the World WideoWave been very closely linked to
universities, both in their design, development erpansion, and in the impact of these
services on the way the institution works (Goldf2AD6; Castells 2001; Berners-Lee
and Fischetti 2000).

The accessibility, affordability and personalisatioof these information and
communication technologies (ICT) are factors inirthpenetration and impact on all
walks of life; higher education institutions aretpaularly influenced by four disruptive
forces (Katz 2008a):
- Unbundling. Content producers and creators canrdtaet services, allowing
greater flexibility in services on offer.
- Demand-Pull. Users can assemble content to suitdh interests.
- Ubiquitous access. Online content is accessiblen feo multitude of devices,
without geographic or temporal restrictions.
- Intellectual property. There is a need for real afidctive rules that describe how
individuals enter and exit the online universityroaunity.

Since universities are organisations that depenattoacting, developing and organising
human talent for the purpose of creating and digsating intellectual capital (Katz
2008a), some of the activities they should consid#r respect to the impact of Internet
use are (Katz 2008b):
- Develop new points of view on research processeéscational content,
publications, software, and informational instrutsesmd resources.
- Find out how new communication tools (blogs, wikigshups, and many more)
will interact with traditional academic approaclaes thinking.
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- Understand what data and information the orgamisas responsible for, and
how they will be stored and protected.
- Understand what influence the institution’s digitasources can have on its
reputation.
- Maintain and enhance the online identity of theiingon.

1.1. Universities online

The Internet (as a protocol for communication betweomputers) and the World Wide
Web (as a service containing multiple online sexs)cextend the reach of universities,
and they need to look at how to manage this exparas well as the various ways in
which the property of the institution may be depeld, disseminated, commercialised
and utilised online.

Therefore the creation, design and maintenancenaicademic web seat must have
clear objectives. To this end, Middleton, McConreslid Davidson (1999) propose a
series of questions and answers that should ben timite account when designing a
university web seat, which include the followinglle 1):

Table 1. Objectives of an academic website

QUESTION ANSWER
Means of communication between individuals and gsou
Why have a website? Means of accessing online facilities and services

Tool for representing and promoting the institution
Internal users (captive market): staff and students

Whom does the website serve? External users (target market): alumni and prospect
students, academics, business people, the medlia, et

What kind of information is required?  Promotionajue-added; and useful

1.2. The complexity of the academic web seat

At the end of the 20th Century, the majority of wersity web seats were relatively
small, the information they provided was homogesseand they did not contribute

much in terms of added value. The current situatimwever, is very different: the

online seat now constitutes the central node araumadh universities construct their

online presence. The rest of the online servicas @mail, file transfer, news services,
etc.) are centralised on these websites whichsabge as a document repository for the
institution’s activities (teaching, research, tfans as well as the administrative,

governing and management services (vice-rectofgtesf, libraries, student services,
etc.).

In this way, university online seats have gradubaigome complex systems of dynamic
information where all the university institutionsdaservices are linked and potentially
accessible from a general URL, via subdomains abdigectories. In addition, each of

these may be associated to a different (or seveoalifent management system (CMS)
which independently manages the contents linked(i@. a service, such as the library;

a product, such as a repository; or an institutsuth as a faculty), although the users
are not aware of this when they are browsing theeusity website.
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The complexity of managing and maintaining this dkiof seat gave rise to the
foundation, in 2006, of the HighEDWeb ProfessionAlsociation, the result of a
merger between an alliance of Web professionaldNéw York (originally called
HighEDWeb), and WebDevShare (an international aemfee for Web developers
specializing in higher education).

This complexity derives fundamentally from the dsiy of university functions and
the heterogeneous audience. The third missionsfegnadds to that complexity and
diversity: the universities organise external esentanage university hospitals, are in
charge of museums, radio and television statiamssports teams, publication services,
alumni services, manage patents — the list goesalhof which have a greater or lesser
online presence through the university seat anerakternal platforms (Aguillo 2009).

The complexity of the universities is thus transfdrto the online seats that represent
(and reflect) them. Saorin (2012) identifies, aesent, 5 levels of content on a
university online seat:

- Information spaces: correspond to the associafiam @nline seat and a URL.

- Information products: both communication channel®r finstitutions,
organisations, or associations (e.g. departmeats), specific products (e.g. an
institutional repository).

- Tools/services: support applications, such as eonadlectronic administration.

- Contents: published units of information, associdtea URI.

- Digital objects: associated to a format and file.

1.2.1. Products and tools/services

Examples of products (which store digital conteartd objects, and which are identified
in specific information spaces through subdomainsubdirectories) are listed below,
organised according to the university mission tacwlthey corresportd

Teaching activities

These can be divided into, on the one hand, plagogeared towards the publication
and dissemination of teaching materials (OpenC&\ase or virtual campuses) and, on
the other hand, the online presence of institutiomés focused on teaching, which is
essentially what university departments are.

Scientific activities

With respect to the online platforms partially otally dedicated to the research mission
of the universities, those that stand out areturtgtnal repositories, magazine platforms
and university presses; with respect to researstitutions with an online presence,
those that stand out are research groups, in&ti&ute research centres.

Transfer activities

Of particular interest are the online platformstlod “Research results transfer offices”
(such as OTRI offices, located in the Spanish avadsystem) and the postgraduate
educational centres, which are part of the lifeldagrning framework. University
hospitals are also in this category.
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Administrative activities

Include areas of governance (such as vice-rectdfises) and centres such as Schools,
Colleges, and University Faculties. The informatpesented on these online seats is
usually informative, administrative and corporad@other kind is the personal profile
pages of the teaching and research staff.

Service activities

Include alumni associations, sport services, didiusof news and cultural activities,

institutional radio or television channels, digitaichives or collections, or university
libraries. With respect to products, these mayudelblogs and video platforms, among
others.

Table Il presents examples of each of the aforeiomed products and services:

Table Il. Examples of products, services and toolsn a university online space

ACTIVITY TYPE OF ENTITY UNIVERSITY URL
OCW Platform MIT ocw.mit.edu
TEACHING Virtual campus Stanford University bb.stanford.edu
Department Oxford University economics.ox.ac.uk
Institutional repository  National University of scholarbank.nus.edu.sg
Singapore
Research group University of cybermetrics.wlv.ac.uk
RESEARCH Wolverhampton
Research institute University of Michigan umtri.wmiedu
Research centre University of Malaya cenar.um.egu.m
Research results University of Seville otri.us.es
transfer office (OTRI)
TRANSFER Learning centre University of Delaware lifelongleiag.udel.edu
University hospital Columbia University cumc.coluiaedu
Vice-rectorates University of Granada investigaaign.es
Schools University of Cambridge trin.cam.ac.uk
Colleges University of California- ischool.berkeley.edu
ADMINISTRATION Berkeley
Faculty University of Oslo jus.uio.no
Personal website University of Chile dcc.uchile-ddaeza
Alumni services Cornell University alumni.cornetiLe
Sports services University of Canada athleticsanttw.ca
News services Leiden University news.leiden.edu
Media services University of Miami umtv.miami.edu
SERVICES Digital archives and  TexasA&M University chinaarchive.tamu.edu
collections
Libraries University of California- library.ucla.edu
Los Angeles

Blog platforms Penn State University blogs.psu.edu
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Video platforms Polytechnic University of politube.upv.es
Valencia

Journal platform Complutense University ofevistas.ucm.es
Madrid

University press University of Princeton press.peiton.edu

In a complementary way, universities have begureveichle use of resource-sharing
tools (tool/service level, according to Saorin).e3é& include news aggregators (like
RSS or Atom), forums, blogs and microblogs, podgadtats, etc., which complement
services offered by the aforementioned platforms.

Universities also create institutional accountsa@bsites that share videos (Youtfjbe
Vimeo"), photographs (FlicR}, and presentations (SlidesHyeas well as on online
social networks, both general (FacebQo&ind academic (Academia.&luln these
cases, the universities are expanding their presento platforms that are external to
their academic web domains, and which in this papkbe termed “satellite”.

1.2.2 The university’s digital footprint

These institutions have so far published milliohpages, with rich, varied and in some
cases, highly value-added, contents (Aguillo e2@08).

All the types of online seats thus far describesl \feell as others in existence) are
created independently (universities no longer haveentralised control over their
contents), but they are hosted by the universitinerseat, occasionally reflecting the
existing hierarchical relations (see URLs in talbjeconstituting a complex system of
documents which generates a clear digital footptivet aids in the creation and
profiling of a clearly-defined institutional onlindentity (Tiscar 2009).

The scope and variety of this digital footprint ssich that analysing it, both

quantitatively and qualitatively, could bring tahit information unobtainable through

other research methods (Aguillo 2009). In this eahtthe discipline of cybermetrics, in

its broader definition, provides the tools and timethodology necessary for a
quantitative analysis of the information contair@duniversity servers and seats; this
aspect is set out below.

1.3. Cybermetric analysis of the university

University online seats have been employed as uoitsanalysis in numerous
cybermetric studies, which can be broadly divideo ithe following two nonexclusive
groups:
- Studies focusing on the academic discipline itgedt, the university (Thelwall et
al. 2005).
- Studies describing and analysing university systearsd the relationships
between them.

The latter category notably includes the design @ndpilation of university rankings,
which are described below.

1.3.1. Ranking web of universities
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The scale and scope of academic data gleaned fyberroetric techniques has enabled
university web rankings to be compiled; Spain igipalarly prominent in this field.

Buenadicha et al. (2001) undertook a pioneeringept@nalysing Spanish universities,
the aim being to develop a web seat evaluationxivdén which to compare Internet
use by universities. The project resulted in thsigte for a Spanish university web
ranking, sorted by 4 main categories: content, wa@e load time, accessibility and
browsability.

Another project of note is that carried out by @ieservatory for Audiovisual Contefits
at the University of Salamanca, who compiled a iraplof Spanish universities based
on the quality of their web pages (Acosta 2689)

In 2004, the most important (that with the greatespact) global university web
ranking, from the Cybermetrics Lab, was initiatadSpain within the Spanish National
Research Council (CSIC). The Ranking web of world/ersities proposes to improve
the web impact factor (Ingwersen 1998) by mearta@iWebometric Ranking (WE)

Despite natural corrections being made over thesydR has proven that the results
obtained are roughly similar to those obtained ugloother ranking systems with a
very different methodology (Aguillo et al. 2006) hieh clearly indicates that online
data, with adequate treatment and analysis, candb@mental in identifying existing
phenomena as well as reliably reflecting the umivies’ activities (figure 1).

Figure. 1. Ranking Web of World Universities (soure: webometrics.info)

Other university rankings based on web indicatoesthe Web Popularity Rankiffy
the Ranking Universitario de transparencia WefUniversity Web Transparency
Ranking), Ranking Colleges using Google and S&nd the original G-Factbr
proposal. Another initiative is The Google Collggankings®, which aimed to use the
search engine to rank universities, but which seerhsive now been abandoned.

1.4. Analysis of cybermetric subunits

Web analyses of university systems have occasipoaiitered on specific internal units
(essentially departments); this has not yet ocduire the area of university web
rankings. Although it has a greater degree of deaity, this type of analysis requires
the units of measurement to be clearly established.

The most relevant studies performed on unit leveldetailed below, together with a
discussion on the identification and descriptiomeasurement units.

1.4.1. Online university subunits
The analysis of academic online seats has alsoséocwn specific units, such as

professors’ personal pages (Thelwall and Harrig®a02004b; Barjak et al. 2007), or
specific content types, such as news articles (Y&mo1).
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The most studied subunit, however, is that whichta@ias university departments and
schools (Thelwall 2002a; 2003), although the ressitiould be interpreted with caution,
given the low number of links per department. Samhéhese studies have sought to
establish a possible correlation between the prtodiycof the department and links
received. For example, Thomas and Willet (2000)ehatudied the departments of
librarianship and information science, although #tedy did not find a significant
correlation between links and research performambe. same occurred in the study
carried out by Chu, He and Thelwall (2003), whaasacountered disparities between
link metrics and the U.S. News rankings, in thisecéor information science schools.

Tang and Thelwall (2003) also show the low levelimterlinking between history
departments in the United States, but they discthadrthere are significant differences
in the link patterns depending on the scientifieaathat is analysed. In the same way,
important correlations between links and scientidigtput are detected in British
departments of computer science (Li et al. 2008), @sychology and chemistry (Tang
and Thelwall 2004).

Other interesting studies in this field are thoseied out by Ortega and Aguillo (2007),
as well as the doctoral thesis of Li (2005), wheglecifically focuses on the interlinking
patterns between university departments.

1.4.2. Cybermetric units of measurement

As in any metrics-based discipline, it is necesgargstablish what the most suitable
units of measurement are, a complicated matteryberenetrics given the particular
properties of the electronic documents to be aedtlyshese have been subject to
research by, among others, Thelwall (2002b).

The main problem is that the psychical unit and uh& of content do not match up
exactly. An electronic file (which may or may na b web file) can correspond to a
book (or chapter of a book, or one or several setepages), an article, image,
application, directory, institutional pamphlet, .e@ounting a file can mean counting
contents that are intellectually very different.

This issue is analysed by Thelwall (2002b), whoppses a conceptual analysis of
different units of study that are problematic inrme of their definition and
consideration. The starting point is the fact thate are diverse technical difficulties in
identifying what it is that we should understandvigb page. From a purely physical
point of view, the “web page” is understood to beneque HMTL-based file to which
other files (web and non-web) can be associated;hwdan be independent or grouped
together with other pages (web and non-web), andhik accessible online through an
URL (Thelwall 2009).

This definition creates a series of problems foelMall:

- File format: should we only consider HTML (XML) & as web pages, or should
we extend the definition to include any format tibah be viewed with a web
browser?

- Access mechanism: should only sites accessiblpana80, or encoded in HTTP,
be considered, or any mechanism accessible thegtbrowsers, such as FTP?
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- Scope: should only public documents be consideoedshould those that are
private (on Intranets or Extranets) or that carm®iocated (invisible Web) also
be included?
- Permanence: should only static pages be considesedshould dynamic
documents generated from databases also be cawder
- Number of files: should web pages composed of varide types (HTML, CSS,
DTD, associated images, etc.) be counted as ogkegage, or one page per file?

Finally, the following definition of a web documestgiven (Thelwall 2009):

“A web document is a body of work with a consistel@ntifiable theme produced by a
single author or collaborating team. It may consisiany number of part or whole
unrestricted access electronic files retrievabler dlre Web using a modern browser”.

This definition is characterised by the followinigments: work, theme or genre, author
(physical or institutional), files that constitutee work, and mode of access.

Consideration of the “genre” could be a solutionthie problem. Counting pages (or
collections of pages) by genre would mean countivegnumber of online instances,
which would avoid the aforementioned problem of emuivalence of content and
format. However, the identification of these gensesonsidered to be very complicated
(Crowston and Williams 2000).

An alternative to the study of genres is the ad@we document model (ADM)
proposed by Thelwall (2002b), who establishes 4udwnt-based models that are
exclusively of Web organisation:
- Individual Web page: each HTML file is treated adogument for the purpose of
extracting links.
- Directory: all HTML files in the same directory areated as a document. All the
links from all the files in the directory are combd and duplicates eliminated.
- Domain name: all HTML files with the same domaimmmaare treated as a
document.
- University: all pages belonging to a university tigated as a single document.

The ADM *“university” is later called “Site” (ThelWa2009), now characterised by the
fact that it allows multiple domain names for tteene unit of study, identified by its
TLD. This concept of “Site”, however, poses a cqoigal problem by integrating
“place” and “work”. For this reason, Aguillo (1998nd Pareja et al. (2005) separate
and distinguish the concepts of web page (physitalension), web site (spatial
dimension) and web seat (conceptual dimension):

- Web page: electronic file or set of files that ddnge a document in HTML, i.e.
hypertextual and multimedia, identifiable onlindlwa unique URL.

- Web site: physical space connected to the Intevhete the information is stored
in electronic form, accessible via HTTP, i.e. a poer which acts as a web
server with a unique IP address.

- Web seat: set of web pages linked hierarchicalla tmain page, representable
through its URL, making up a documental unit, digtishable from others, and
an institutional unit, in which it is possible wentify authorship.

- For their part, Bjoérneborn and Ingwersen (2004)ppee an analysis based on
different levels of granularity: micro level (pagedirectories, small subseats),
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meso level (seats and large subseats) and ma&io(Te&vDs or large second-level
domains).

The distinction between site and seat is not alwaken into account, and they are
often defined with inappropriate or confusing namesr this reason, Ayan, Li and
Kolak (2002) propose differentiating between logidamain (group of pages that are
semantically and structurally related; the equintl®® an online seat) and physical
domain (which is identified only by domain namastborresponds to an online site).

2. Objectives

The preceding sections have described the curmnplexity of the academic website,
and its constitution as unit of cybermetric anaysbioth in studies of university systems
and in creating university rankings.

All the university web ranking initiatives seen section 1.3 use the university as a
whole as a unit of analysis; however, research sotaunits shows that it is possible to
carry out systemic analyses of universities follogvicybermetric techniques which,

given the quantity and variety of documentationrexdio on subdomains and

subdirectories (widely covered in section 1.2),rop@ the possibility of carrying out

studies which address university diversity (Van Mu@009), necessary for both

describing the university in greater detail (systemtrauniversity analysis) and for

establishing comparable ranking units (systemierintiversity analysis).

These systemic studies require the correct ideatibn and definition of the units of
measurement, and the establishment of a conceptodél (in order to facilitate the
acquisition of information structured on variouvdks), which constitute the main
objectives of this study.

Therefore the specific objectives are the following

- To identify and propose a new definition of thefeliént units of measurement
employed in cybermetric analysis, extending theceph of web to that of
“online”.

- To propose, through the establishment of units easarement, a multilevel
university cybermetric analysis model, which allossuctured gathering of
information on online universities, and which wsérve as the basis of future
university ranking systems.

- To integrate this model into another which is wjderore conceptual and
independent of the technique used, that will pefatitlre comparison with other
analyses produced with the same general modelwitita different method of
analysis.

- To apply the proposed model by analysing the tapeusity in the Ranking Web
of Universities ranking (2012 edition): Harvard Meisity.

3. Methodology

The development of this model is rooted in the teecal study of cybermetric

university analysis units. It first identifies theoncept of web document and
subsequently proposes a classification of logigatsunecessary in establishing the
model of analysis.
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Following this, the conceptual model of systemic ltitavel university analysis

proposed by Ordufia-Malea (2012) is used as a refermodel that is independent of
the technique employed and which takes into accdhbet attributes of university

diversity and multidimensionality. The model is ptil to be applied through
cybermetric techniques.

The internal and external levels are demonstratedugh entities belonging to the
Complutense University of Madrid (the highest rahk8panish university on the
Ranking Web), due to this institution clearly shotle diversity of activities and a
wider casuistry of URL syntaxes, necessary to adseth the need for internal analysis
and its complexity (both technical and organizalpnThe data were manually collated
in January 2011, and one URL -from each found saisdiwas randomly selected, to
illustrate the diversity of URL creation process.

The full application of the model is performed hyal/sing Harvard University (the
highest ranked university on the Ranking Web). that purpose both core and satellite
URLs are collected, and measured at institutiondl external levels (levels and other
elements of the model will be defined and explaimeskction 4.2):

- The core contour level is composed by “harvard.effi€ial URL.

- The core internal level is composed only by thaddl sub-domains
(“x.harvard.edu/x”) in order to facilitate the teanalysis. In any case, the
measurement of third-level sub-domains implies tineasurement of the
remaining levels, and considering that subdireetorhave methodological
problems to be accurate analysed, the selected lsangp considered
representative. All URLs were gathered by browdimg official website, along
May, 2012.

- The satellite levels (both contour and internal)ravedentified through the
Harvard Social service. The platforms considerexdthe following: Academia,
Facebook, Flickr, Twitter, and Youtube. The setattiof these platforms is
exploratory and only meant to show the webometmecfggmance of some
Harvard University channels on some social appboat

- Institutional measures (both core and satelliteyewseasured by count page
indicator, using <site:> command on Google.

- External measures (both core and satellite) werasare by URL mention
indicator, using: <“URL” —site:harvard.edu> commama Google for core, and
<URL” -site:domain.tld> for satellite (substitugn “domain.tld” for each
platform: academia.edu, twitter.com, etc.).

4. Results

4.1. Proposal and definition of units of cybermetic analysis

In light of the problems previously detected, tlomaept of “website” is expanded to
“online seat”: a unit of measurement constitutedilag that do not necessarily have to

be web files, as is often the case (office computiles, graphics, multimedia, etc., are
taken into account in webometric analyses, andgaserate and receive hyperlinks).
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Therefore, all the aforementioned considerationsficn the need to replace the
attribute “web” with that of electronic file or DL(Document Like Object} accessible
online, more in line with the general interest gabpf cybermetrics.

The following formal considerations are also pragubs
Online site

An “online site” implies a specifically delimitednbne space, defined by its
physical size (located on a proprietary or congdcserver) and its name or
identity (online domain).

The name of the “online domain” is composed of edaments or levels:

- Top-level domain name (geneficor geographi€). Only functions as an
attribute, delimiting the “name type” (examplesng .org, .es, .fr, etc.).

- Second-level domain name. Functions as identifiethe product, service or
entity (physical or legal) of the correspondingionealspace (examples: upv.es,
nike.com).

The online site does not imply that the informatisnin web format, and the
online domain only implies the formal identificatiof an available online space.

The online site is composed of one or more eleatrbies, which are public or
private access depending on the restrictions inthbgethe administrator of the
online domain and the host.

The files located on this online space can be grddpgically in subdomains and
subdirectories. Each of these groups is considerbd an online subsite.

Each file, subsite and online site is accessibteaam be located online through a
URI (URL or URNY®.

Online seat

When the different files that make up a site (o on various subsites within the
same site) constitute a formally distinct documiemtét (mainly due to authorship
or thematic content), then this site or subsité vélcalled online seat.

4.2. Multilevel cybermetric analysis model

From the preceding section it can be inferred tthet unit of measurement in
cybermetric analysis (applied in this case to usities) must necessarily be defined
both by a seat (logical, identifying unit) and bgite (physical, delimiting unit).

Consequently, and taking the Ordufia-Malea modek azference, the following
elements of cybermetric measurement are proposeeand satellite. Each of them can
be divided into institutional and external, and leggpat contour or internal sublevels.

These levels are summarized in detail in tablevithere are displayed the separate
levels, sublevels and unit types:
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Table 1ll. Multilevel analysis model: levels, sublgels and units

SUPER LEVEL  LEVEL DESCRIPTION
INSTITUTIONAL  Files createdvithin the university website/unit.
CORE i i i ' i i i
EXTERNAL Files createautside the university website/unit which

mention the university/unit.

Files created on aexternal platform (Youtube,
Twitter, etc.), by a university/unit.

INSTITUTIONAL

SATELLITE ) . . _ . : .

Files createdutside the university/unit satellite, which

EXTERNAL : .
mention the satellite.

SUBLEVEL DESCRIPTION

CONTOUR The entiré&niversity is considered.

INTERNAL A universityunit is considered.

UNITS DESCRIPTION

INSTITUTIONS Websites of institutional universigntities.

PRODUCTS Websites of universisgrvices and platforms

4.2.1. Core level: institutional (direct measuretsgn
Core institutional measurements are related te@téation of content by the institution.
1. Contour sublevel (general measurements)

These refer to the analysis of the entire univei@# an institution, without taking into
account the different university missions or thiéetlent entities that constitute it.

From a cybermetric approach, these will apply todalcumentation published and
deposited in the online academic domain of theitutgin. In this sense, it is
represented totally and completely by the URL of timiversity, therefore all the
indicators whose measurements are based on ansanafythe university’s general
academic domain will be considered contour measemesn(for example, “ucm.es” and
“harvard.edu”).

2. Internal sublevel (functional measurements)

These focus on the activity of different and distinniversity entities. In addition, these
entities may be associated with the various funstior missions of the university. For
example, the departments can be related to teaelstingty and the research centres to
scientific activity. These units can corresponéhsgiitutions or products.

From a cybermetric approach, internal measuremeititbe considered to be all those
that measure web documentation published in a fspascibdomain or subdirectory of
the upper general domain assigned to the univensitych in turn is associated to a
specific university entity or service, e.g. “matues”.
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The diversity of these units (both in their funaoand the manner of identifying them
through their URL) and the sheer number of thenkenthis level the most difficult to
identify and evaluate.

Table IV shows examples of internal units for diet types of entiti€d In each
category of entity different configurations can $een in the way the URL syntax is
generated.

Table IV. Internal level of cybermetric analysis byuniversity unit

UNIT BY LEVEL URL
SCHOOLS
Nursing, Physiotherapy and Chiropody ucm.es/centros/webs/euenfer/
FACULTIES
Fine Arts ucm.es/centros/webs/fbartes/
Mathematical Sciences mat.ucm.es/
Chemical Sciences ucm.es/info/ccquim/
Philosophy fs-morente.filos.ucm.es/
Computer Science fdi.ucm.es/
DEPARTMENTS
Algebra mat.ucm.es/deptos/al/

Regional Geographical Analysis and Physical Gedgrap ucm.es/info/agrygfdp/Web/
ucm.es/centros/webs/d529/

Anatomy and Human Embryology |
y yology portal.ucm.es/web/anatomiai/

Social Anthropology ucm.es/info/dptoants/
Cell Biology 3 biocel.bio.ucm.es/
Materials Physics material.fis.ucm.es/
Personality, Assessment and Psychological Treatthent forteza.sis.ucm.es/dpto/
RESEARCH INSTITUTES

. Vsi ucm.es/icae
Economic Analysis (ICAE) uemn.esfinfolicae/
Industrial and Financial Analysis ucm.es/BUCM/ceeliaif/
Biofunctional Studies ieb.ucm.es/
Ramén Castroviejo Ophthalmologic Research ucm.es/info/iiorc/
Interdisciplinary Mathematics (IMI) mat.ucm.es/imi/
Mediation and Conflict Management ucm.es/centros/webs/iu5022/
RESEARCH GROUPS
Giftedness and Talent (ACYT) ucm.es/info/sees/
Quantitative analysis of economic policy and finahmarkets ucm.es/info/ecocuan/anc/grupo/
Architecture and technology of computing systems artecs.dacya.ucm.es/
Space astronomy — optimal astronomic resources geamant mat.ucm.es/wso/
Bioclimatology and biogeography ucm.es/info/enviroveg/
Asymptotic behaviour and dynamics of differentiguations  mat.ucm.es/~cadedif/
Veterinary control of microorganisms ucm.es/centros/webs/gi5080/
Formal analysis and design of software systems (B85) maude.sip.ucm.es/fadoss/
Plant evolutionary ecology and ecological restorati linneo.bio.ucm.es/balaguer/EvoEco/
Proteins bbm1.ucm.es/public_html/res/prot/
Reproductive physiology of lagomorphs ucm.es/info/fisani/sigue/
Functional genomics of yeast and fungi ucm.es/info/mfar/U4/

Analysis, security and systems (GASS) gass.ucm.es/
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Queueing theory mat.ucm.es/~mcqt/gmg/

It can be observed that there is neither a pattemn a specific policy in DNS
management. Both subdirectories and subdomainsused (or both), as well as
different hierarchical levels. For example, the $ilig School uses 3 subdirectories, the
Fine Arts Faculty one subdomain, the Department Mdterials Physics two
subdomains, or the FADOSS Research Group two sudidisnand one subdirectory,
amongst other configurations.

On the other hand, there is no observable pattettmei classification. The subdirectories
“centros” and “info” are used in all unit types.&bubdirectory “dept” is not used in all
departments (the variant “depts” is even used raed), and when it is used, it
occasionally signifies the last level or may eventain a lower level subdirectory.

Finally, there are URLs that redirect to other @afiternal URLs (i.e. the Institute of
Economic Analysis), others that redirect to URLdeexal to the university (i.e. the
Ramén Castroviejo Research Institute), or other &)Rat associated to the online seat,
since they are not hierarchically integrated irltahe pages of the institution (Queueing
Theory Group).

4.2.2. Core level: external (reputational measurgs)e

The core external measurements relate to the preseinthe university (or specific
units) in places external to the institution.

From a cybermetrics approach, these measuremeataraiogously linked to the
presence of universities in locations externalheirtweb domain, that is, to citation
measurements (e.g. links) and audience.

Thus the number of times that a particular univer&@r unit) is named (invocation or
citation), linked or visited online constitutes axales of core external measurements.

In turn, this level can be broken down into a contsublevel and an entity sublevel
according to whether the analysis is of the uniteis its entirety or a specific unit or
service (table V).

Table V. External measurement level. Entities, ung and possible measurements

EXTERNAL LEVEL. CONTOUR SUBLEVEL

Entity Complutense University of Madrid

Unit “‘ucm.es”

Measurement

Hypertextual citation linkdomain:ucm.es —site:ucm.es

Textual citation “universidad complutense de Malslite:ucm.es

EXTERNAL LEVEL. INTERNAL SUBLEVEL

Entity Department of Librarianship Information Science

Unit “ucm.es/centros/webs/d168”

Measurement

Hypertextual citation linkdomain:http://www.ucm.eshtros/webs/d168 —site:ucm.es
Textual citation “Departamento de BiblioteconomiBgcumentacién de la Universidad

Complutense de Madrid” —site:ucm.es
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Both institutional and external levels can be mdrggo “core level”, in opposition to
satellite level, describe below.

4.2.3. Satellite level (extension measurements)

Finally, there is a second general level of onlamalysis (not included in the original
model), made up of subdomains and subdirectorggdotiong to a university (or to any
of its units), but are located outside its genel@ain, specifically in domains that
belong to content-sharing platforms (e.g. Youtubeademia, Twitter, Facebook, etc.).
In this study, these are classified as “satell@&ments. In this sense, the satellite level
measurements are completely analogous to core negasnts, the difference being that
they are applied to domains that are externalaauthiversity (table VI).

Table VI. Satellite measurement level. Entities, uis and possible measurements

SATELLITE LEVEL. INSTITUTIONAL SUBLEVEL

CONTOUR

Entity Complutense University of Madrid

Unit “ucm.academia.edu” (satellite in Academia.edu neyvo

INTERNAL

Entity Department of Librarianship and Information Science

Unit “ucm.academia.edu/Departments/Biblioteconomia_y ub@mtacion”
Measurement (size) “site:http://ucm.academia.edu/Departments/Biblioteamia_y_Documentacion

—site:academia.edu”

SATELLITE LEVEL. EXTERNAL SUBLEVEL

CONTOUR

Entity Complutense University of Madrid

Unit “ucm.academia.edu”

Measurement “linkdomain:ucm.academia.edu —site:academia.edu”
(hypertextual citation)

INTERNAL

Entity Department of Librarianship and Information Science

Unit “ucm.academia.edu/Departments/Biblioteconomia_y ubwntacion”
Measurement “linkdomain:

(hypertextual citation) —ucm.academia.edu/Departments/Biblioteconomia_y_Deciacion
—site:academia.edu”

Moreover, in some cases, some unit level elemearisbe separated out within these
satellites (upper level subdirectories or subdosassociated with particular university
institutions or services). For example, a departntam have a channel on Youtube
regardless of whether the university also has one.

Finally, figure 2 shows a graphical representatdrihe Harvard University URL, in

which each sphere represents the web space of ailosubdomain or directory. The
external level is represented by three possible-spelzes which can potentially link any
part (core or satellite), level (institutional otternal) or sublevel (contour and internal).

Figure 2. Multilevel analysis model. Example for Havard University
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4.3. Harvard University: a case study

The analysis of Harvard University website is daddinto core and satellite levels,
which are described below.

4.3.1. Core level at Harvard University

Following the proposed model, core level is formeg 1 contour level URL
(“harvard.edu”), and 187 internal URLs, all of thetmrd-level subdomains. The
remaining subdomain levels and subdirectories Hasen avoided as indicated in
method section, with the purpose of simplifying éxample.

Due to its extension, the complete list of URLs &meir corresponding institutions is

free available for perusal in an annexed spreaddsheeAll internal levels have been

structured into the main 5 university’s activitiesesearch, teaching, transfer,
administration, and services, thereby reflectingvensity’s diversity. Figure 3 shows

the distribution of the 187 internal URLs accordinghe related mission, highlighting

the poor representation of transfer activities (ARLs). Both services and research
represent the 65% of third-level subdomains, wreteaching and administration are
equally distributed (15% each).

Figure 3. Distribution of internal URLs according to related university mission at
Harvard University

Both contour and internal URLs have been measuyednbinstitutional (count page)
and external (URL mention) indicator. Table VII sisthe top 25 internal URLs for
each indicator. Contour values are also offerezbtdextualize the results obtained.

Table VII. Core level at Harvard University: instit utional and external measures

INSTITUTIONAL EXTERNAL
URL
URL COUNT PAGE URL MENTIONS
harvard.edu 7,615,804 harvard.edu 38,470,780
mcz.harvard.edu (service) 1,920,000 law.harvardiadministration) 4,750,000
seas._hf_;lrvarq.edu 663,000 fas.harvard.edu (administration) 3,270,000
(administration)
lib.harvard.edu (service) 589,000 hcs.harvard.sduwice) 2,470,000
coursecatalog.harvard.edu
(teaching) 555,000 blogs.law.harvard.edu 1,980,000
map.harvard.edu (service) 460,000 hsph.harvardasthainistration) 1,260,000
fas.hgryard._edu 371,000 cfa.harvard.edu (research) 1,130,000
(administration)
catalyst.harvard.edu (research) 325,000 hms.haedudadministration) 1,070,000
chem.harvard.edu (teaching) 236,000 huh.harvardssuice) 914,000
abcd.harvard.edu (service) 209,000 lib.harvard(edrvice) 874,000
'aW-h?‘F"ard:ed“ 181,000 bidmc.harvard.edu (research) 844,000
(administration)
mcb.harvard.edu (teaching) 170,000 mgh.harvardsstvice) 834,000
hunap.harvard.edu (service) 148,000 hks.harvardqasthainistration) 775,000

oeb.harvard.edu (teaching) 94,300 hcl.harvard.selvice) 714,000
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dce.harvard.edu (transfer) 93,900 news.harvardsatuice) 644,000
cfa.harvard.edu (research) 88,900 oeb.harvardtedahing) 540,000
mgh.harvard.edu (service) 86,300 dfci.harvard.edse@rch) 539,000
huh.harvard.edu (service) 86,000 post.harvard.selvite) 534,000
((aaec;:rsr{irr]]?sftvrgi%r?)d u 80,400 mcbh.harvard.edu (teaching) 531,000
hbs.edu (administration) 75,800 as.harvard.edu (research) 518,000
blogs.law.harvard.edu 72,900 catalyst.harvard.edu (research) 490,000
hup.harvard.edu (service) 71,40Bibs.edu (administration) 468,000
?;jr'rr:|?1r|\s/?r§|§r?)u 66,600 eecs.harvard.edu (administration) 455,000
?;3;?22{?;30?3“ 65,200 chandra.harvard.edu (research) 454,000
news.harvard.edu (service) 56,700 gov.harvard.edeliing) 447,000
chs.harvard.edu (teaching) 52,500 biology.harvdid(gaching) 425,000
hcs.harvard.edu (service) 50,400 chs.harvard.edglftng) 350,000
dfci.harvard.edu (research) 47,500 economics.hdmdn (teaching) 342,000

The results indicate a great percentage of couyggpaom service-oriented institutions
and products. For example, “mcz.harvard.edu” beddnghe Museum of Comparative
Zoology, which is the 25.2% of the global counthgased by the entire contour URL.
The Library (3rd position), Campus map (5th), a¢ Bublic affairs & Communications
service (24th) also demonstrate the importanceenfice products, whereas research
institutions reflect general poor performancesy@institutions within the top 25).

Moreover, in some cases, the high content volurheeaed by some institutions is due
to the existence of a service within the correspanaveb domain. This is the case of
“law.harvard.edu” (Harvard Law School), which askge 10th position, but the 40.27%
of the count pages are due to the blog platforthdabh is not a third level subdomain,
it is showed on 20th position in order to proverntfuence).

Otherwise the summation of the 187 URLSs’ count,#67,107 pages (54.66% of the
global account). Taking into account that these d@mnains are compound by the main
Faculties, Schools, some departments, researcituiast and centres, etc., and also
considering that within third-level domains is measl the count page of the other
subdomain/folds levels, this low percentage isriefé that the remaining count page is
stored within first level folds (“harvard.edu/*and intranet services.

As regards external measures, table VII shows tae/aid Law School on the first
position, again under the influence of its blogtfiolan. Research domains reflect better
performances respect to count measures (up to @iderwithin top 25). The remaining
activities are equally distributed (6 teaching dorea6 administration, and 7 services),
and any transfer domain is found within top 25.

In this case, a methodological problem with “URL ntien” has been identified.
Whereas “harvard.edu” URL founds 38,470,780 mestiontside “harvard.edu” site,
the summation of all 187 URLs achieve 36,183,780ntraas, confirming the
limitations of this indicator for internal and sgstic academic levels.
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The correlation between count page and URL mentisngsignificant (R=0.19),
confirming the need for more accurate external mn@ssS indicators, once Yahoo!
stopped link commands. Title mention instead of URé&ntion could be a solution to be
further investigated.

Otherwise, the existence of URL duplications shawsther interesting effect. On one
hand, are detected examples of more than 1 valid fdRan institution or product; this

is the case of “post.harvard.edu”, which redirg¢otsalumni.harvard.edu”, being both
URLs within the academic website, or the “The $& for Quantitative Social

Science”, which has 2 valid URLSs: “ig.harvard.eduid “cbrss.harvard.edu”.

On the other hand, other redirections are foundreviiee redirected URL is outside
Harvard domain; this is the case for “Massachuskgts and Ear Infirmary”, whose
“meei.harvard.edu” URL redirects to “http://www.nsayeandear.org”, or “Harvard
Business School”, whose “hbs.harvard.edu” redirectibs.edu”.

The effect of the first problem (2 or more valid LH provokes a dispersion of
performance, and all URLs should be added in candt URL mentions to obtain an
aggregated and global value. The effect of thersqwoblem (2 or more URLSs, with
some of them non-valid) provokes an underrepretientaof the university. For
example, “hbs.harvard.edu” obtains 3 count resalsl 161,000 URL mentions,
whereas “hbs.edu” obtains 75,800 count resultsqlwlo not count for “harvard.edu”
performance), and 468,000 URL mentions. Table Wdves the position that “hbs.edu”
should have been obtained if it had been considerthih “harvard.edu” web domain.

4.3.2. Satellite level at Harvard University

As regards satellite level, table VIII shows (fach considered platform) institutional
and external measures at contour level. Acadenoaiges by far both the largest count
page and URL mention values (21,000 and 116,00pecotisely). Otherwise, it is
identified a low performance on Youtube respecth® count pages (only 1, which
contrast with its external activity), and Flickispect to URL mentions (only 10, which
contrast with its institutional activity). The puges of these platforms and the URL
syntaxes could explain this effect.

Table VIII. Satellite level at Harvard University: institutional and external measures

LEVEL URL COUNT PAGE URL MENTIONS
harvard.academia.edu 21,000 116,000
ACADEMIA —
Summation internal URLs (378) 517 81
facebook.com/Harvard 5,580 9,560
FACEBOOK —
Summation internal URLs (56) 26,840 12,656
flickr.com/groups/harvard 951 10
FLICKR ——
Summation internal URLs (15) 7,209 511
twitter.com/Harvard 8,240 7,690
TWITTER —
Summation internal URLs (110) 155,996 30,991
youtube.com/harvard 0 5,670
YOUTUBE  youtube.com/user/harvard 1 15,300

Summation internal URLs (18x2) 20 15,886
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With respect to internal level, a total of 597 URhave been gathered. Academia
becomes the platform with more internal units (37#8Nowed by Twitter (110), and
Facebook (56). Table VIl also shows the summatbreount and URL mentions for
each internal URL per platform. Twitter and Facdbsbow the better performances,
followed by Youtube. Should be highlighted the Igerformance of Academia,
probably due to the larger URL syntaxes, and theparticipation of users within the
platform by means of uploading research materidlaher contents.

In any case, the overall results confirm both contand internal satellite levels add
significant amount of count pages and URL mentiomkich reflect an impact of
universities outside the official academic website.

5. Conclusions

The proposed analysis model, based on parts (cutesatellite), levels (institutional
and external) and sublevels (contour and interia3jmple, independent of technique
(allows constant updating of the model without hgvito modify its general
architecture), and provides structured informatidnch enables a complete analysis of
each institution.

Cybermetrics (insofar as it is a technique throwgich the conceptual analysis model
may be applied) facilitates the measurement os#mee indicators at different levels of
institutional analysis (i.e. it enables systemi@lgses), something not possible with
other quantitative techniques such as bibliometidsch depend on the assignation of
the institution on the part of the authors of tbhestific contributions.

Furthermore, the localisation of lower units favewuhe identification of institutions
with missions and objectives that are not only rdfie, and this may assist in the
process of profiling certain traits related to wesity diversity and describing the
general performance of the university with greatecision.

Notwithstanding, the study of university web unfisternal level) is complex. The
analysis of Complutense University of Madrid shoavs excessive casuistic of URL
syntaxes and redirections. This reflects in a loweb performance, mainly due to a
lack of appropriate web management policies. Thathie internal analysis can be used
not only to measure web production or impact bsb & detect the degree of maturity
of the university structure on the Web (low in tase of Complutense University).

The complete analysis of Harvard University hasvprothe advantages of the model.
The core internal level shows as some subdomalatedeto service activities achieve
great amount of performance. The model allows tHentification of unequal
distribution of impact (both institutional and ebttal) regarding the universities’
missions. Satellite level shows that the actividese by universities outside the official
website are significant and measurable. For akeheeasons, could be asserted that
“harvard.edu” is not enough to analyse “Harvardv@nsity” under a webometric point
of view, and that the proposed model helps to edpamd complete this analysis by
identifying and describing the structure of the witb (that reflects the structure of the
organization), and assessing the web performaneaatt element identified.
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Despite the model's advantages, it also has celiaiitations, not conceptual but
practical:

The model has too many instrumental limitationse tbhortcomings in the
construction of the online seats, the inaccuracsonfe indicators (URL mentions
for external impact), and the inaccessibility oftae indicators (e.g. web traffic
data) mean that some indicators or units cannatlegquately measured.

An excessive diversity and randomness has beectddten the URL syntax of
the internal unit seats (the aforementioned examp@omplutense University of
Madrid can be logically extended to the generalensity web space); this should
be corrected with a suitable institutional web pli

All the levels can contain multidomains and URL irections (e.g.
“hbs.harvard.edu” and “hbs.edu”), which make thenttfication of universities
and quantification of content more complicated.

The internal institutional level of the model islyprapplicable to a specific
university system, in which the university struetis clearly specified (legally or
not), and does not have to coincide with the usitesystems of other countries.
Cybermetric method does not permit the direct aaptaf some diversity
categories, such as those of components or progragnm®ther categories and
attributes (such as climate diversity, thematiaayestc.) must be manually and
independently considered for each university and un

The next steps to be taken in this research prajecthe thorough and comprehensive
application of the model into a complete universistem, and the analysis of the
aforementioned limitations, with the aim of deteming its scope and applicability for

wider cybermetric analysis.

6. Notes

! These products are not selected according to rieyia of quality or relevance, the selection isrely
illustrative.

2 The Research Results Transfer Offices (OTRI) amee@ to boost relations between the university
scientific community, business and other socio-ecain actors to take advantage of R&D capabilities

and results of research activity in universities.

? http://www.youtube.com/user/StanfordUniversityqessed 1 April 2012).

* http://vimeo.com/cambridge (accessed 1 April 2012)

® http://www.flickr.com/groups/harvard (accessedfrif2012).

® http://www.slideshare.net/norwichuniversity (acsmb 1 April 2012).

" http://www.facebook.com/columbia (accessed 1 ApDil2).

8 http://mit.academia.edu (accessed 1 April 2012).

® http://www.usal.es/~oca (accessed 1 April 2012).

1% Currently the website is not accessible, and cabedocated the reference year.
Y hitp://www.webometrics.info (accessed 1 April 2p12

12 http://www.4icu.org/top200 (accessed 1 April 2012)

13 http://www.universidad.edu.co (accessed 3 Decer?b@s).

% http://vemike.blogspot.com/2006/01/ranking-collegesing-google-and-oss.html (accessed 1 April
2012).

'3 http://www.universitymetrics.com/g-factor (disconted; accessed 1 April 2012)
'8 http://googlecollegerankings.com (accessed 1 AR012).

7 http://lwww.um.es/gtiweb/adrico/#Datos (accességil 2012).

'8 http://en.wikipedia.org/wiki/Generic_top-level_daim (accessed 1 April 2012).
19 http://en.wikipedia.org/wiki/Country_code_top-léveomain (accessed 1 April 2012).
2 http://www.ietf.org/rfc/rfc3986.txt (accessed 1MR012).

2L Complutense University of Madrid is consideredycas example.



PREPRINT. Please cite as: Ordufia-Malea, E., Ontalba-Ruipérez, J-A. (2013). Proposal for a
multilevel university cybermetric analysis model. Scientometrics, v. 95(3), pp.863-884.
doi: http://dx.doi.org/10.1007/s11192-012-0868-5

7. References

Acosta Méarquez, T., Igartua Perosanz, J.J. & GdslazJ. (2009). Paginas web de las universidades
espafiolasEnred: revista digital de la Universidad de Salaroarb [online; discontinued].

Aguillo, Isidro F. (1998). Hacia un concepto documad de sede welkl Profesional de la Informacign
7(1-2), 45-46.

Aguillo, Isidro F. (2009). Measuring the institutig footprint in the webLibrary Hi Tech 27(4), 540-
556.

Aguillo, Isidro F., Granadino, B., Ortega, J.L. &&0, J.A. (2006). Scientific research activitydan
communication measured with cybermetrics indicatbwarnal of the American Society for information
science and technology7(10), 1296-1302.

Aguillo, Isidro F., Ortega, J.L. & Fernandez, MO(B). Webometric Ranking of World Universities:
introduction, methodology, and future developmedtgher education in Europ83(2/3), 234-244.

Ayan N., Li, W-S. & Kolak, O. (2002). Automatic eattion of logical domains in a web si2ata &
Knowledge Engineering, 43), 179-205.

Barjak, F., Li, X. & Thelwall, M. (2007). Which féars explain the Web impact of scientists’ personal
homepagesdournal of the American Society for Informatione®cie and Technolod8(2), 200-211.

Berners-Lee, T. & Fischetti, M. (2000kjiendo la RedMadrid: Siglo XXI.

Bjorneborn, L. & Ingwersen, P. (2004). Toward aib&mmework for webometricdournal of the
American Society for Information Science and Teldgyw55(14), 1216-1227.

Buenadicha, M., Chamorro, A., Miranda, F.J. & GdezaO.R. (2001). A new web assessment index:
Spanish Universities Analysimternet researchl1(3), 226-234.

Castells, M. (2001)La galaxia InternetBarcelona: Plaza y Janés.

Chu, H., He, S. & Thelwall, M. (2002). Library aitformation Science Schools in Canada and USA: a
Webometric perspectivdournal of education for library and informationisnce 43(2), 110-125.

Crowston, K. & Williams, M. (2000). Reproduced dahergent Genres of Communication on the World
Wide Web.The information society: an international journab(3), 201-215.

Goldfarb, A. (2006) The (teaching) role of univées in the diffusion of the Interndhternational
Journal of Industrial Organizatior24(2), 203-225.

Ingwersen, P. (1998). The calculation of Web ImpaattorsJournal of documentatioin4(2), 236-243.

Katz, RN. (2008a)The tower and the cloud: Higher education in the afjcloud computindJSA:
Educause.

Katz, RN. (2008b)The gathering cloud: is this the end of the midtiieatz, RN (ed.) The tower and the
cloud: Higher education in the age of cloud compgitlSA: Educause, 2008.

Li, X. (2005).National and international university departmen¥deb site interlinking: a webometric
analysis [Unpublished doctoral dissertation]. UniversifiMgolverhampton: Wolverhampton (UK).

Li, X., Thelwall, M., Musgrove, P. & Wilkinson, ¥2003). The relationship between the links/Web
Impact Factors of computer science departmentKimht their RAE (Research Assessment Exercise)
ranking in 2001Scientometrics57(2), 239-255.

Middleton, I., McConnell, M. & Davidson, G. (199¥resenting a model for the structure and content o
a university World Wide Web sitdournal of information scien¢@5(3), 219-217.



PREPRINT. Please cite as: Ordufia-Malea, E., Ontalba-Ruipérez, J-A. (2013). Proposal for a
multilevel university cybermetric analysis model. Scientometrics, v. 95(3), pp.863-884.
doi: http://dx.doi.org/10.1007/s11192-012-0868-5

Ordufia-Malea E. (2012Propuesta de un modelo de andlisis redinformétnmdtinivel para el estudio
sistémico de las universidades espafiolas (204&lencia: Polytechnic University of Valencia.

Ortega, J.L. & Aguillo, Isidro F. (2007). La webaat®mica espafiola en el contexto del Espacio Europeo
de Educacion Superior: estudio exploratoEibprofesional de la informaci¢ri6(5), 417-425.

Pareja, V.M., Ortega, J.L., Prieto, J.A., Arroya,&Aguillo, I.F. (2005). Desarrollo y aplicacioret
concepto de sede web como unidad documental disiarerl Cibermetrialornadas Espafiolas de
Documentacion9, 325-340.

Saorin, T. (2012). Arquitectura de la dispersidstgpnar los riesgos ciclicos de fragmentaciérade |
webs corporativaginuario ThinkEPI, 6281-287.

Tang, R. & Thelwall, M. (2003). U.S. academic dépental Web-site interlinking: disciplinary
differencesLibrary & information science researcB5(4), 437-458.

Tang, R. & Thelwall, M. (2004). Patterns of natibaad international web inlinks to U.S. academic
departments: an analysis of disciplinary variati@@entometrics60(3), 475-485.

Thelwall, M. & Harries, G. (2004a). Can personalbages that link to universities yield information
about the wider dissemination of researcloirnal of Information Scienc80(3), 243-256.

Thelwall, M. & Harries, G. (2004b). Do better sctud' Web publications have significantly higherioal
impact?.Journal of American Society for Information Scieacel Technologys5(2), 149-159.

Thelwall, M. (2002a). A research and institutiosale based model for national university Web site
interlinking. Journal of documentatiqb8(6), 683-694.

Thelwall, M. (2002b). Conceptualizing documentat@mnthe Web: an evaluation of different heuristic-
based models for counting links between univensigp sitesJournal of the American Society for
Information Science and Technole§®¥(12), 995-1005.

Thelwall, M. (2003). Web use and peer interconwéigtimetrics for academic Web sitekurnal of
information science29(1), 11-20.

Thelwall, M. (2009)Introduction to Webometrics: quantitative web rasbaor the social scienceSan
Rafael, CA: Morgan & Claypool.

Thelwall, M., Vaughan, L. & Bjoérneborn, L. (2003)ebometricsAnnual review of information science
and technology39, 81-135.

Thomas, O. & Willet, P. (2000). Webometric analysi®epartments of librarianship and information
scienceJournal of information scien¢c26(6), 421-428.

Tiscar L. (2009). El papel de la universidad eodastruccion de su identidad digitRlevista de
universidad y sociedad del conocimieréifl), 15-21.

Van Vught, F.A. (2009). Diversity and differentiati in Higher Education. In Van Vught F (ed.)
Mapping the Higher education landscape: toward adpean classification of higher educatiorhe
Netherlands: Springer, 1-16.

Yolku, O. (2001). Use of news articles and annoorargs on official websites of universitidaurkish
online journal of Educational TechnologhQ(2), 287-296.



