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Hypertextuality of the Slovenian World Wide
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Abstract

The substantial concern of this article is a questio what extent does
the contemporary World Wide Web as an informatiatrieval system
reflect key attributes of ideal hypertextual sysserithe topic is relevant,
since in the literature notions of hypertext andoéitextual systems are
accompanied with strong implications not only fbetease and efficacy of
access to information, but also for fostering dematisation, augmenting
creativity and cooperativeness of human beingseAfiie brief presentation
of the problem the paper focuses on the methodologynalysing this
problem — definition of relevant dimensions of hyteat in the World Wide
Web, their operationalisation and empirical vemfion. The latter is
presented most thoroughly since it includes a pdace of generating a
network of web sites in the Slovenian World Wide Wen the basis of
approximately 1.8 million of web pages, identifidtdy search system
Najdi.si. After the definition of units and relatis, relevant methods and
their results are presented in order to assesshiipertextuality of the
Slovenian World Wide Web. It is shown that a relaty great proportion of
web sites do not follow the expectation of the dasrs of the World Wide
Web technology for it to be a globally interconrett "Docuverse”,
however, a large minority of web sites are in agagte reflecting the
attributes of ideal hypertext systems. The resc#ts be informative for the
global World Wide Web since one of the essentiadrelsteristics of the
Slovenian World Wide Web have similar distributiomthe one assessed in
other researches on significantly larger - althonghadequate for complete
network analysis - proportions of the World Wide We
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1 Introduction

One of the most important building blocks of the Ndowide Web (WWW) is a
hypertext-markup language (HTML), where the prefixygertext" implies that
information is organised into a set of documentd énks between them. This,
however, does not mean that the actual structureedf sites and links between
them is hypertextual nor that the concept of hypdrtappeared with the
development of the WWW. The idea of hypertext appddan 1945 already, when
Vannevar Bush in the article “As we may think” oéra scheme of an electro-
optical machine, Memex, which would enable storafjjformation in such a way
that pieces of text could be arbitrarily interconteek This machine could help to
overcome the problem of information retrieval irethge of information explosion
due to specific structure of information. Infornatiin hypertext is organised on
the basis of associations between pieces of tedt sucth a structure is more
natural to the functioning of a human mind thanididinear and hierarchical
systems. The access to information would thus beerfaand more efficient than
before. The idea of hypertext intensively developadthe 60’s and the 70’s,
primarily with the work of Theodore Nelson and DoaglEngelbart (Bardini,
2000), but the circumstances for its fullest depeb@ent and realisation became
ideal with Berners-Lee's system of World Wide WeBg9), which would enable
global information space of interconnected docureent

Hypertext is not only a mode of information organigat which enables fast
and efficient access to information, but also @arimany implications for
democratisation of society (Landow, 1997), augmeomadf individual mind and
stimulation of cooperation (Bardini, 2000). Takeor fjranted the positive effects
of hypertextual organisation of information, the ma&ioncern of the paper is the
guestion to what extent does the contemporary WW\bripmorate the essential
features of hypertextual systems due to existenaeasfy social and other factors
that are changing the nature of this technologyhdéligh the following study is
mostly applicative and primarily tries to answer ti@ove question, a significant
space is dedicated to the methodological issueanalysing the problem. After
short insight into the nature of hypertext and rakgvfactors, influencing the
hypertextual characteristics of the WWW, essentiahethsions of hypertext are
defined, which are also measured on the Slovenah @f the WWW. The latter
was analysed as a complete network of web sitesrevhaations correspond to
links between them. To realise this analysis, a demprocedure, consisting of
aggregating web pages on the level of web sitessipg web links and generating
a network, had to be accomplished. This unique guace can also be used for
many other issues from web metrics to the advancemémsearch systems. By
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using tools of network analysis, the hypertextualifytioe World Wide Web is
assessed.

2 Hypertext and the World Wide Web

2.1 Social and political consequences of hypertext

The common thread of various and diverse discussiom hypertext from the
scientific fields of information retrieval, commuwation research and critical
theory is a notion of hypertext as an electronic fasfmwriting in a non-linear

system of individual pieces of text and links betwdékem. The key attributes of
hypertextual systems are said to be decentrality,lm@arity, active role of reader
and multivocal dynamiégLandow, 1997).

Hypertextual system with its essential features isamy an advanced form of
information organisation for enabling fast and @#nt access to the data, but has
many other important implications. It can be saidtthypertext is in a certain
sense physical reflection or realisation of postdurtalist (Barthes, Derrida)
interpretations of mental processes in readingstekext as a mental construction
is always incorporated in a network of relationshwdther texts and it is not a
product of individual mind but derived from the pdlity of voices, words and
expressions of others (Allen, 2000). Surprising iknity, which was already
discovered by Landow (1997), exists between Barthasa of ideal text and
hypertext. For Barthes (1974) the ideal text is mnéd by any physical structure,
it is interlinked, reversible, with many entry poinishas no beginning and no end
and none of the texts can claim their authority ovirers. While poststructuralist
ideal text is more a mental construct, hypertext tbe other hand refers to
manifest, actual embeddedness of physical textudbk unto networks of related
texts, yet the social and political implications arery similar. Common both to
poststructuralists and inventors of hypertext is ithea of the collapse of classical
modernist conceptual scheme, which is based omthi®ns like centre, margins,
hierarchy and linearity, and its supplementation byoepts such as network, non-
linearity and relations.

The organization of information in hypertextual sysseand communication of
ideas stimulated by them overcomes the consumeated bf a user as a reader,
who consumes the meaning of a single, isolated mhec, constructed by author
in the absence of any other related writings. Furtttge, by manifestation of
invisible links in mental processes, hypertext teams ordinary ways of

2 The first two are discussed below, while the latteo do not refer to the structure of
information organisation but to the role of useriin The active role of reader means that the
reading path is not predefined by the authors of,tbut is decided actively by the reader.
Multivocal dynamics refers to the feature of hygettal systems that each user can add his own
text and link to the existing information space.
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understanding (Landow, 1997) and even poses imjpdica for epistemological
processes (Deibert, 1997). A change in communioatimplied by hypertextual
organization of information, is supposed to haveeéfiect on social organization
and ways of thinking. Although the state of discossion social effects of
hypertextual organization of information is stillggiominantly speculative, this
paper supposes that it has certain positive effectds user.

One of the main characteristics of hypertextual systés the freedom of its
users to move around the information space by cimgodifferent pieces of texts,
following diverse links between them. Due to sudm+linearity, a user can choose
his unique path through the information space byidileg on each text piece,
which link to follow. This reflects an overall dedealised organisation of
information, since the user chooses his own ceatrexploring information and
thus no text can claim its centrality over otherbeTultimate reading path of the
user is independent from the author, liberated @figr relations and authority. In
this sense Nelson claimed that associative stractofr information not only
stimulates effective access to information, bubdiberates them from fixed, rigid
linear structure of print documents and allows sgerform meaning independent
of the author (in Bardini, 2000). This is the coggence of the fact that in
electronically connected texts the documents ofviddial authors are dispersed in
the vast space of other documents and thus lose pingsical and intellectual
distinction from others.

2.2 Hypertextual ideas in the WWW

World Wide Web was developed in close connectionthwhypertextual
information systems, since its inventor Tim Bernke® was well educated in
existing hypertextual systems as well as the piondeas of Bush and Nelson
(Berners-Lee, 1995). The idea of WWW stems fromilsinconsiderations as Bush
had in 1945 on the need for new forms of informaterganisation in the light of
rapid knowledge growth. The WWW was supposed toabgystem of unlimited
dimensions and multiplicity of usage, structured as large network of
interconnected, associated documents by the logicraférence. Unlimited
possibility of linking any kind of information wouldenable users to find
information, even when they don't know what exachlgyt are searching (Berners-
Lee, 1989).

As sociology of technology (Bijker et al., 1987) rem$ us, technology in a
society does not possess its characteristics onlyecessarily with regard to the
features, envisioned by its inventor(s), but accitteem in a complex process of
interdependency of societal and technological preeesWWW incorporated ideas
of hypertextual systems in its basic technical striest but the realisation of this
potential was greatly influenced by the network ofciab actors, who exert
influence on the nature of technology (Callon, 1981) is not the goal of this
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paper to thoroughly identify and evaluate relevantiaoactors, who have some
effect on the hypertextuality of the WWW, but only point out that there are
many factors, which inform us that linkages betweeb sites, decentrality and
non-linearity are not taken for the granted attrdsutof contemporary WWW.
There are not only external factors, which counttfos, but the inherent feature of
the WWW - a functional relationship between indiwal parts and the whole -
takes the leading role in the hypertextual structfrthe WWW. World Wide Web
reflects hypertextual systems only when the majoritt®parts, that is web sites,
actualise its ideas. Every author of a web site khpwovide multiple links to web
sites of other authors, if we would want that th®/WW as a whole would retain its
essential hypertextual features. Currently no sualtrob mechanism exists in the
WWW, which would stimulate the realisation of thkisd of “hypertextual ethics”
(Petri, 2003a). Further on, taking into account many uwasimterests of different
authors of web sites, coming from the whole speutif society, it is unrealistic
to expect from the WWW to function as a hypertextgsgbtem in its totality.
Various social actors design their web sites tasfatheir needs and the needs of
their users, but forget to maintain the latent damsien of WWW, its
hypertextuality.

Today there are speculations, that hypertext willnéwally disappear from the
WWW, become its missing link (Bieber et al, 1997mostly due to
commercialisation. Specifically, this refers to thepid increase of commercial
enterprises, using their web sites for commercaivéies. Also the information
space of the WWW is becoming commercialised, sipmeals and search systems,
which are owned by big corporate actors, are becgniive dominant points of
information retrieval. On the level of user expege they are usually the only
gateway to the information space in the WWW. Thisilatites to the reduction of
the experience of browsing through the hypertexstalcture of web sites and
links between them to the repeated explorationnafiviidual, unconnected web
sites. Search systems that support hierarchical saca® information are
overthrowing hypertextual experience and becomirg iost important tool for
information retrieval (Retallack, 1999). Commer&ation also radically changes
the nature of links between web sites by introduding promotional “banners”,
the function of which does not conform to the id®Zacooperation between the
texts as envisioned by Nelson or Engelbart (In Bard000).

While the birth of the WWW was accompanied by opstid voices of
democratisation and fostering of human creativitd @ooperation, there is more
and more anxiety expressed with the recent trackevelopment, which greatly
resembles the commercialisation of traditional maeslia (Mosco, 2000). On the
other hand, there are more optimistic visions fbe thypertext in WWW,
especially with the Semantic Web project (Berners;LE997), which incorporates
ideas of a more ordered and transparent typificadioweb sites and links between
them, which would support the separation of hypdrtakparts of the WWW from
others, for instance, the commercial part. In tightl of the fact that there are
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many more factors, which are dissolving the hypeuakty of the WWW, than
those, which are stimulating its development, iexpected that WWW is currently
low in hypertextuality.

The empirical research does not allow us to inged# the effects of different
social processes on the hypertextuality of the WWWt bnly to analyse and
assess the realisation and incorporation of charetics of hypertextual systems
in the WWW.

3 Operationalisation and Data Collection
3.1 Essential dimensions of hypertext

Hypertextuality of the WWW is measured on the follagikey dimensions of
hypertextual systems: (a) interconnectedness of WWAAa ebasic condition of
hypertextual organisation of information: existerafelinks between web sites is
the fundamental characteristic of hypertextualityistinct feature of hypertext as
an information system. (b) non-linearity of WWW awaxiety of links from each
web site to other web sites, as an opposite to lthear sequence of print
documents and (c) decentrality of WWW as an abseotcecentral axis of
organisation of web sites and a mode of organigatibinformation in a network
structure, where no web site can claim its cenpdition. All three dimensions
were measured on the Slovenian part of the WorlddeNVWeb, using social
network analysis methods (Wasserman & Faust, 1984yeral necessary steps
had to be accomplished before an analysis couldebfopned: defining units and
relations between them, generating a network andvestigating its
“representativeness”. There have been a few stusiethe past that generated
networks of web pages and links between them (Bredal., 2000, Kumar et al.,
1999), but none of them defined the network of veiles as a whole network,
which is language limited and whose web sites @poad to distinct social actors.

3.2 Network of web sites

If a network is a seN={E, R, R;, . ..., R}, defined by a finite set of units
E={ Xy, X2, .. ... Xn} and links between them, which are described by simgl
multiple relations R;cEXE, fort =1, 2. ...r, (Wasserman in Faust, 1994) then

the network under investigation is composed ofnatdi set of static web sites and
single relation R, which is a hyperlink from one wsibe to another. Notation
Xi RX; stands forX; in relation withX;, namely, from the i-th web site exists at
least one hyperlink on the j-th web site. Althougke terms web site and hyperlink
have become part of common language, these twoneakeslements of the
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network of WWW need exact specification since themucgure of the network
depends on this process.

A unit in the network is a web site, that is, a gktveb pages that theoretically
correspond to distinct designer, social agtavho decides on the content and form
of its web site. A network of web sites theoretigatepresents a network of
documents of various authors, but this correspoodes not perfect due to the fact
that a single social actor can decide on the canbérseveral web sitésOn the
empirical level a web site is determined as a $ateb pages corresponding to the
same domain name — all directories and files thasten unique domain name.
This rule is not universally applicable, since wetes of more than one social
actor can exist in the same domain name. This istrmommon in cases when a
server is hosting disk space for users who canuben@mous authors of web sites.
In such cases web sites are not distinguished enetrel of domain name, but on a
certain level of directory structure, usually firstsecond.

Relation in a network is a hyperlink from one wetedb another. Specifically
this means that in the HTML file(s) of a certainlwsite there is at least one mark
<A HREF="URL address">, which manifests itself irbeowser as part of the web
site (picture, paragraph, sentence, word) and bivaatg it, the content of the
target web page, which is authored by another s@wtdr, is represented. Relation
is asymmetric, so the relation xRy does not imply yRxthe network of web sites
relation has a nonnegative value, which represgm@snumber of hyperlinks from
one web site to another. In the network that waslyw®d, the values of relations
were reduced to 0 and 1, where 0 means existenzerofhyperlinks and 1 at least
one hyperlink from web site of author A to web siteauthor B. The reduction is
necessary because of the research problem: whatnoatters is the existence of
hyperlinks between documents of different authord aot their quantity.

3.3 Procedure of generating a network

The network of web sites was generated on the hafsldRLs of Slovenian web

pages, which were provided by company NovifoBurmihe Slovenian part of the
WWW, which was investigated, consists not only of@s that correspond to the
top domain .si (52%), but also of pages that argtewr in Slovenian language or
were published in various Slovenian search systénsthe basis of a list of more
than 1.8 million of URLs, which was formed by Nowifon's web robot from 1st to

% Individual, club, association, company, organigator any other kind of formal or nonformal
social organisation.

4 This information is usually not transparent in aywthat would enable its automatic
consideration.

® This company owns a very popular search systendiNajand they also claim that they have
the biggest database of Slovenian web pages.
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5th of April, 2002, a network of web sites was ge&ted using a semiautomatic
aggregation procedure.

Units of the network were formed by aggregating esponding individual
web pages on the basis of above defined critefiae procedure resulted in a list
of 30083 addresses of web sites, which correspomtifterent social actofs

In the next step the relations, that is, hyperlinistween units in the set of
30083 web sites were parsed. First, a program HT&tP@as created to access
each web site and parse its content in ASCIIl cadea single database. This
procedure lasted from 7th to 13th of May, 2002. Nexprocedure was created to
parse hyperlinks from web sites, identify the targeb sites and produce a NET
file, which is an input file for Pajek, a programrfanalysis of large networks
(Batagelj & Mrvar, 2002).

The original network of 30083 units was reduced2&247 for two reasons.
Firstly, the units were aggregated if more domaimes correspond to single
social actor and secondly, unreachable or nonexisteb site$ were removed
from the network. There were 3128 (10.5%) web sakthe latter type and it can
be shown (Petéi 2003b) that the majority of these web sites areualty
nonexistent, thus these missing web sites do mesent true missing values and
do not pose any serious problem for the analysis. filn@ network used for
analysis consists of 25247 web sites and 13945%tiderelations “at least one
hyperlink”.

3.4 Completeness and “representativeness” of the tweork

The theoretical unit of the research problem iswi®le WWW, which means that
for a valid interpretation of results a completetwark of all web sites and
hyperlinks between them would be needed. That, offs® is almost unfeasible
regarding the scale of the WWW and its fluent dynamiMissing units in a

complete network analysis are a severe problem,esiwith each unit all

corresponding hyperlinks are lost. In this reseatobwever, it is supposed that
Slovenian part of the WWW is a complete network,ichh it can be shown, is a
valid supposition. At first sight it seems unreagble to limit the research of a
space by language criteria, where providing a hypkrto another country is as
easy as to the closest neighbour. The questiontafark barriers is not specific to

® Web sites were aggregated on the level of domamas or on the level of first directories, if
its name contained a tilde “~".

" This correspondence is not perfect due to alreadgtioned reasons

® The program, created in Perl by Matej KéMa is intended for parsing the content of web
pages. It accesses a certain URL, recognisespis @ayd if it is a HTML document, it saves it in a
tab-delimited ASCIII file.

® Unreachable are those web sites, whose all welegpagere not accesible by web robot,
because the server was down at that time. Nonexisteb sites are those, whose files in HTML
form do not exist any more on the designated URdrass.
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the research of WWW, but it is one of the main @ne in the network analysis
(Laumann et al., 1983), since it is difficult totseear criteria, which would

differentiate the suitable and unsuitable unitse Tarriers of the network under
investigation are set by language and this way aesaisa natural complete
network can be retained. On the one hand, largp@tmn of web sites are in
Slovene language and secondly, users of the Slongraa of WWW often remain

in its limits, since these are the limits of thieinguage.

Further on, two empirical arguments support theislen to analyse Slovenian
part of WWW as a complete network. First, only 25% veeb sites provide
hyperlinks to non-Slovenian web sites, while there almost 50% of web sites,
which offer hyperlinks to web sites within the netkoSecondly, the Slovenian
part of WWW shows similar distributions of essehtcharacteristics as those
found by researchers on the significantly larger paftWWW.
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Figure 1: Distribution of number of incoming hyperlinks inoSenian part of WWW and
function y=1/Ff,.

Figure 1 clearly shows that the distribution of igdee on a network of 25247
Slovenian web sites resembles the power law functlat was proved in other
researches (Barabasi & Albert, 1999; Broder et1#899; Kumar et al., 1999) to be
representative of the global World Wide Web. Altgburepresentativeness is
defined as the degree of resemblance of populati@macteristics in the units of a
sample (O'Muircheartaigh, 1997), it can be saidt tthee complete network on
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Slovenian web sites is representative of much laopenplete network of global
web sites. Notwithstanding its smallness, the ctiarastics of the Slovenian part
of WWW resemble greatly the features of the globaVWw.

3.5 Basic characteristics of the Slovenian WWW

The population of web sites is aggregated on mbaa t1.8 million of web pages.
A Web site consists in average of 67 individual wedpes, but the dispersion is
very high (standard deviation = 765). Specificallp.&% or 10048 Slovene web
sites consist of only one web page and obviously thayt follow hypertextual
ideas since the site itself is not hypertextuallyasriged; furthermore, almost 80%
of these sites do not offer any hyperlink to othebws#tes. On the other hand, a
minority of web sites consists of a large numberwafb pages, which are, not
surprisingly, portals, search systems, governmennha@ge and other important
actors in society.

Slovenian web sites are found not only under the domain .si, but under
many others:

Table 1: Number and percentage of web sites by type oftmpain.

Top domain name Number of web site Percentage

Si 13403 53.1%
com 7343 29.1%
net 3148 12.5%
org 848 3.4%
to 79 0.3%
info 34 0.1%
other (tv,uk,it,itd.) 392 1.5%
total 25247 100%

Only a little more than a half of web sites in Sloian part are registered
under a domain name .si, which clearly implies tlamguage criteria of selection
is much more relevant than domain name selectionth&® beginnings of the
WWW, a domain name system was more strictly followwed could enable certain
inferences, while today a great disorder exists.sTiuipic exceeds the subject
matter of this paper, but implies that hypertextiyalis only one part of the
successful information retrieval in the contempgrafWww.
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4 Assessment of Hypertextuality

The network of Slovenian web sites can be treateda darge, sparse complete
network, since the number of relations does noeedcmuch the number of units.
Suitable tool for analysis of such networks is peogrPajek (Batagelj & Mrvar,
2002), which enables the analysis of more than adianilof units. To assess the
dimensions of hypertextuality of the WWW, several hoets were used, which
provide different characteristics of the structofeconnectedness of web sites and
also graphical presentation of the parts of thevoet to support interpretation.

4.1 Methods

The method of strong components identifies all isgtg connected components in
the network, which represent sets of units that aretually accessible by

following the hyperlinks. In the language of grapiedry this means that between
all the pairs of vertices there is at least onenpdhe method of weak components
is very similar to the previous one with the diffece that weak components are
selected on the basis of assumption that relationthe network are undirected

(Wasserman & Faust, 1994). Further on, method cbies identifies groups of

vertices, which are connected at least with k-wedi from the same group
(Batagelj & Mrvar, 2002).

To measure decentralisation and non-linearity, weianeasures of unit
centrality and network centralisation were used. leegf a unit g(x) is equal to
the number of hyperlinks, targeting or emerging fragnwhile outdegree is a
number of hyperlinks, targeting this unit. Relatimeasure of degree isp(X)/ (n-
1), where n is number of units in a network (Wassar & Faust, 1994). Closeness
is a measure of centrality, which doesn't take iatmount only the closest
neighbours, but also indirect onesg(€) = (n-1)/d(x,y), for each y from the set of
units, where d(x,y) is a distance between two unlise next measure of unit
centrality is betweennessy(X), which is computed as a relation between the
number of shortest paths between y and z, goingugirax, and the number of
shortest paths between y and z. A special measureurat centrality,
hubs&authorities was developed within the reseasthmportant web pages in
WWW (Kleinberg, 1998) and adapted to network analysy Batagelj & Mrvar
(2002). This method is based on the idea that rarksunits, providing links to
other units, while authorities are units, which taggeted by many good hubs.

Network centralisation index shows the overall inality between the units,
based ortheir unit centrality, and is measured on an intef@al]. Higher values
correspond to networks, where only one unit is dantpnwhile others are on the
periphery. Various measures of network centralisatexist, depending on the
measure of unit centrality (Wasserman & Faust, 1994)
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4.2 Interconnectedness

The results of weak component analysis offer a barsight into connectedness of
the whole network of Slovenian web sites.

Table 2: Size and number of weak components in the Slovepat of WWW

(n=25247).
Number of units in weak compon Number of weak componer
1 1710
2 21
23495 1

Regarding the fact that the membership in a weakpmment demands at least
one hyperlink pointing to a web site or at least a®ziving from it, it can be
claimed that in the Slovenian part of WWW there avd0 web sites, which offer
no hyperlinks to other web sites, nor are they “citbg any other web site. In
other words, there are 6.8% of isolates.

Table 3: Size and number of weak components in a netwotkout search systems

(n=25212).
Number of units in weak com Number of weak componer
1 6505
2 156
3 17
4 4
6 1
8 1
18314 1

In the original network several search system actuged, which offer many
hyperlinks on other web pages, but are in the cdriéxhe research problem more
a barrier to the hypertextuality of the WWW thanstenulator. Links from search
systems resemble more classical hierarchical systamsdon't correspond to the
idea of associative link between logically connectedtuments. For this reason,
several major search systems were excluded fronmeévwork and not surprisingly
the method of weak components now results in 2608960olates. Approximately a
guarter of all web sites do not provide any hyperakexperience for the user at
all and these web sites are not reachable by anyr atteans than by search

systems.
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For a detailed analysis of interconnectedness oveSimn WWW, the method
of strong components seems more suitable sincéentifies groups of mutually
accessible web sites and considers the directiomypierlinks, which makes it
more realistic a method than weak components.

Table 4: Size and number of strong components in the n&kwbdiSlovenian web sites

(n=25212).
Number of units in strong con Number of strong componei

1 18431

2 95

3 12

4 3

5 2

6 1

8 2

10 1
6501 1

A strong component of size 6501 represents a godupeb sites, which are at
least indirectly mutually accessible A user can stamwsing the information
space of the WWW on any of these web sites and biloviohg “outside”
hyperlinks he can reach any other web site from ttamponent. This strong
component reflects at best the idea of intercorathuatss of documents in
hypertextual systems and it can be claimed that 26%eb sites are realising this
essential dimension of the hypertext. On the ottardh however, there are 73% of
web sites in a component of size 1, which means tinay’re either “oneways”,
“no ways”, or “isolates0. Strong components of lesser sizes in generalao n
offer a true browsing experience of hypertextuallganised information, since
they are only small islands of interconnected webssit

A relevant indicator of interconnectedness of wélessin the largest strong
component is also diameter. Value of diameter is tase is 13 and shows that at
most thirteen mouse clicks are needed to go fromweb site of the component to
the other, which implies that the component is guensely connected. Albert et
al. (1999) similarly concluded for the majority of w@ages in the WWW that the
distance between them is in average less than 2€rhiyks. Although these results
might confirm the phenomenon of “small world”, thelgould be taken with great
care, since the results of this research clearlyvstiat a large proportion of web
sites are completely isolated, that is, they do rtdraany hyperlinks nor are they
pointed to by any hyperlink.

10No way" represents a web site, which does now® any outgoing links, while "oneway"
represents a web site, to which no links from otlveb sites are pointing.
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The global structure of the Slovenian part of theVW could best be
represented by the graph below, which somewhat res=mthe well-known
webgraph by Broder et al. (1999). The graph was adetp by procedure of
shrinking the whole network according to the pastitng, which was defined by
linkage characteristics web sites. This way we a&rie a few basic subgroups of
web sites.

[771.00] oneways

[9023.00] strong components

[1135.00] dead ends

[12610.00] ne ways

[1708.00] isolates

Figure 2: The structure of the Slovenian WWW (n=25247)

As already stated, quite large proportion of welesig35.7%) are a part of the
most connected part of the Slovenian WWW and these pointed by a small
proportion (3%) of "oneways". The largest group ogbwsites (49.9%) are "no
ways", which are only pointed by other web sites andndt offer any outlinks.
"Dead ends" is an acyclic group of web sites, whaie pointed by strong
components, but eventually lead to "no ways". Theicgtre of the Sloveninan
WWW is largely determined by web sites that disabigdntextual access to
information. A user, who arrives to such a web ,stannot continue searching
information by browsing through hyperlinks.

4.3 Decentralisation

The above results show that at least a small ptapoof the Slovenian part of the
WWW resembles structural properties of hypertextsgbtems and thus in
principle enables users' liberation from rigid lmeand hierarchical structures, yet
more detailed insight into this question is needeyl an analysis of the
decentralisation of the WWW. A relevant indicatof @decentralisation is the
distribution of various measures of unit centralitwhich should in ideal
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hypertextual systems be approximately equal. The iligion of the most basic
measure of centrality, indegree centrality or the banof incoming hyperlinks, is
following the power law and indicates a large asyrrgpnen the centralities of
individual web sites (Figure 1).

The indegree centrality of web sites is in 90% afesaless than 10, meaning
that the majority of web sites are pointed by at midsbf other web sites. On the
other hand, there are only 1% of web sites that hadegree more than 55 and
0.1% of web sites that have it larger than 500thie whole network there are 130
web sites, which are cited by more than 100 othdy sites and only 14, which are
pointed by 400 or more web sites: that clearly inthsahigh centralisation of the
network. This is, however, not supported by the digation index, which is
0.042, and implies that there is not only one singéb site with a large indegree
centrality. A user of WWW is not limited to a certraxis of information
organisation, but is nevertheless limited in infatron retrieval on a minority of
more or less equal web sites, since the majoritwelb sites are on the periphery
and only a small probability exists for a user tovise them.

Additional insight into (de)centralisation of theWWV and higher validity of
results can be obtained by analysis of additionatredity measures. Betweenness
indicates to what extent is a web site locatedlmpgath between other web sites
and in this way exposes web sites, which a user welly probably visit in
browsing for information. Web sites with high beemmess have high “control”
over user, since they are located between pairsef sites, which wouldn't be
closely connected without them. Centralisation ind@k=0.22 ), based on
betweenness, indicates that the Slovenian part WAWWis quite centralised, which
is the consequence of the very outlaying value ahgle web site. This web site is
not surprisingly search system Mat'kurja, due to Wwhitovenian web sites seem
to be more connected than they really are, as waadyrindicated in the weak
components analysis. Users of Internet, who seawchnformation by browsing,
sooner or later bump into a hyperlink to search syskat'kurja. This, however,
breaks their browsing path, since search system alooffer any associative
hyperlinks but resemble more traditional modes dbnmation organisation. The
search systems rank high on all centrality measumdsle web sites of several
companies, which have high indegree, rank lowemaasures, which take account
of the broader vicinity of other web sites. Thisaisconsequence of the fact that
many authors provide hyperlinks on company web shiasthe latter don't provide
any further hyperlinks.

Measures of centrality, which are based on the wktlecture of the network,
show that the importance of web sites is not as asstrically distributed as the
data on indegree centrality would suggest. Distigutof nearness and authority
weights shows some asymmetry, but doesn't point gh ftentralisation of the
whole network.
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Table 5: Distribution of authority weights of web sitestime Slovenian part of WWW

(n=25247).

Authority weight Number of web site
less than 0,006 16306
0,006-0,008 5367
0,008-0,010 1984
0,01-0,02 1511
0,02-0,03 65
0,03-0,05 14

This measure is probably the most important meastioentralisation, since it
is gives high authority weights to web sites, whak informative and thus reflect
the idea of a informatively rich document in a hyp&tt Data shows that some
“documents” are more important than others, butegally it cannot be claimed
that the Slovenian part of WWW is centralised, ttiegre are only a few web sites,
which get all the users. It is true that majoritywoéb sites are on the periphery,
but there is a large number of relatively equally artpnt web sites. This is
further investigated by the use of the k-cores meétho
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Figure 3: 16-core on a Slovenian part of the WWW (n=256).
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The method of k-cores confirms the above findingsere is a large minority
of web sites, which conform to the idea of hypertetity, since they are densely
connected and quite decentralised. The results ghatvthere exists a 16-core of
size 256, which means that these web sites aretgubipy at least 16 other web
sites in the group.

The group of 256 web sites shown above represémtgriost central and the
most densely connected part of the Slovenian WWWeims of user experience,
a user will very probably arrive at one of the abaweb sites in browsing the web
and his further path of exploration of informatispace will be greatly determined
by the linkage structure of these web sites. Inglomup of most densely connected
web sites there are search systems, portals, umyensd government web sites,
some companies, but also web sites of many othealtemi social actors, which
are on the periphery in terms of power relationsshort, these results do not offer
any strong basis for making conclusive statementhemature of decentralisation
of the WWW, yet they implies that, notwithstandingetlyeneral asymmetric
distributions of key characteristics, the WWW in te@én parts offers a user an
associative, creative and democratic experiencoéssing information.
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Figure 4: Distribution of outdegree in the Slovenian partloéd WWW (n=25247).

4.4  Non-linearity

The third dimension of hypertextuality is mentionedstly in contrast to the
linearity of print documents, where user's path tgto the document is largely
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determined by the communication channel and authotéitions. The concept is
simply measured as a proportion of web sites, aifg@a non-linear experience of
browsing. The most suitable is the measure of ayks that is, the number of
hyperlinks emerging from a web site.

Among 11909 web sites that offer any hyperlink toestiveb sites, there are
4491 offering only one hyperlink, which implies thager experience is to a large
extent reduced to linear browsing, although theidogf WWW organisation is
inherently non-linear. There are 7301 web sites, cwhoffer from 2 to 100
hyperlinks to other web sites, and they reflect tiheai of non-linearity, so as the
remaining 150 web sites, which have more than 10@ang hyperlinks. In the
whole network this sums to 29.5% of web sites, Whjotentially stimulate
freedom in access to information and independencynfthe author. Obviously,
authors of web sites largely ignore "hypertextuaieth(Petr, 2003a) and expect
from the user only to consume the content of thesbwite and discontinue search
for information. However, structural information eron-linearity does not allow
any strong conclusions. An important step furtheulsldoe a thorough analysis of
modes of hyperlinking by including the content of wsites (Jackson, 1997,
Pajares-Tosca, 2001).

5 Conclusions

Although the methods used for assessment of hyperidéy of WWW on three
dimensions do not allow any unambiguous conclusitims,data implies that only
a minor part of the World Wide Web is interconnelGtelecentralised and non-
linear. This is not so surprising due to severalsoms. Firstly, it is a fact that the
WWW is a large aggregate of a mass of various wtds,swhich are realisations
of ideas of an unlimited set of social actors wpdrticular intentions and interests.
Links to other web sites are formed (if they are)hmgpecific intentions and these
intentions only rarely reflect the idea of a hyperlinknnecting two logically
associated texts. Secondly, many web sites are veayl,soonsisting of only one
web page and no out-links. These web sites werdgly not meant to be
published for large audiences but mostly for owrsozes of experimentation with
HTML and are as such not an important part of thé&/W,; yet in aggregate there
are many of them (39.8%). Thirdly, the structure lo¢ WWW is today largely
determined by specific web sites, such as searclemgsand portals, and because
of their large-scale connectivity, the results shtbat the structure of the WWW is
more centralised than it probably really is.

It is probably true what several authors suggeseliBr et al, 1999) that search
systems and portals enable access to informationishthe same as in classical
rigid hierarchical systems and that they are disogingathe browsing experience.
There seems to be a self-fulfilling prophecy in tipeocess of hypertext
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disappearance from the WWW, since many of the astlodrweb sites do not

provide links to substantively related web sitest bm the web portals, search
systems and large corporations. Nevertheless, asethdts already implied, the
WWW should not be analysed in its totality but in stealler, more informatively

rich parts, which suggests that we cannot acttephypothesis that the hypertext
is totally absent from the WWW. If search systems podals are excluded from

the network, a third of all web sites are still stgly connected, mutually

accessible. This group consists of various socddo marginal actors, whose
documents on web sites are more or less equallyitapband likely accessible by
users of the WWW who can in this way experience sti@edom and creativity in

accessing information.

The research of the structure of the Slovenian WWiférs only a limited
insight into the question of hypertextuality and dewith it in a specific manner
of analysing its essential three dimensions. Thédlgm of hypertextuality and its
implication for user experience is more complexnthilais analysis suggests, since
it is dependent not only on the structure of infotimia, but also on other factors,
like browsers. One of the main aims of the reseahchvever, was to give a basic
insight into organisation of such a large informatispace as the WWW and
primarily present several methodological issues #tabmpany such analysis, like
unit definition, question of representativeness aretwork generation: issues,
which are essential for any kind of structural anslyd the WWW.
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