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Abstract. The main aim of the paper is to show the selected ways of analysing, the
possible interpretations and expectations concerning the analyses of hyperlinks in
spatial research. The connections existing in cyberspace for selected self-govern-
ment websites of Lower Silesia were shown to illustrate the issue. The analyses were
conducted for selected websites of self-government units at all levels functioning
in Lower Silesia. The paper presents two approaches to the analysis of hyperlinks:
analysis of outlinks and inlinks. The presented results allow us to identify some
regularities regarding the functioning of connections in cyberspace versus the con-
nections in the real world. From the perspective of self-government websites it can
be concluded that the connections in cyberspace reflect the real connections. In
the majority of the analysed cases there is a clear connection with the actual scope
of activity. The remaining relationships with administrative cities reflect the sig-
nificance of these cities for the functioning of self-government units in the social,
economic, legal, and administrative conditions. Based on the conducted analyses it
can be concluded that the study of hyperlinks may be useful in understanding the
relationships between geographical space and cyberspace. They may form a new,
interesting field of spatial research. We also found some challenges in the study of
hyperlinks’ spatial aspects: the identification of consistent criteria for determining
the websites’ ‘location in space; the possibility of interpreting the research results
and the dynamics of the Internet.
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1. Introduction

The transfer of accents from geographical space to
cyberspace in all spheres of life requires the search
of new methods in the area of spatial research. It re-
quires such methods which would help describe the
new ‘spatial’ reference — the Internet. The elements
which decide about the functionality of the Internet
as a medium or a source of information are called
hyperlinks. They are a kind of ‘surfing board’” which
allows navigating the vast expanses of the Internet
resources, and integrates them.

The purpose of this study is to show the selected
ways of analysing, the possible interpretations and
expectations concerning the analyses of hyperlinks
in spatial research. Analyses of connections between
websites that take into consideration their location
are relatively rare in geographical research. Also, the
studies conducted in other disciplines of knowledge
relying more heavily on the analyses of hyperlinks
(e.g. scientometrics) lack clearly defined spatial refer-
ences. The spatial aspect is usually treated as periph-
eral in relation to the mainstream of the discussion.

The connections existing in cyberspace for se-
lected self-government websites of Lower Silesia were
shown to illustrate the issue. The seats of the entities
responsible for the content of websites which were
hyperlinked with websites of the Lower Silesian local
and regional authorities were identified. The choice
of self-government units was dictated by the pos-
sibility of determining the actual scope of activity in
geographical space (administrative border) as well as
the existence of more or less clearly formulated con-
nections reaching beyond the scope of a single unit. It
was assumed that with this choice it would be possible
to compare the area of actual activity and the actual
connections with the ‘area’ and the connections in
cyberspace. This approach allows to test Tobler’s
First Law of Geography (TFL), formulated by Waldo
Tobler: ‘everything is related to everything else, but
near things are more related than distant things’
(Tobler, 1970: 236). Is it still valid in cyberspace?

2. Material and research methods

2.1. The essence of hyperlinks

The analysis of hyperlink connections between web-
sites is the domain of webometrics. Webometrics can
be defined as: “The study of the quantitative aspects

of the construction and use of information resources,
structures and technologies on the Web drawing on
bibliometric and informetric approaches’ (Ingwersen,
Bjorneborn, 2005: 341). Webometrics is also defined
as a ‘new kind of quantitative analysis’ (Heimeriks,
van den Besselaar, 2006: 2). In this case the main ac-
cent is on its character as a tool that can be applied in
a variety of scientific areas.

Fig. 1 presents types of hyperlinks and the relation-
ships that can occur between hyperlinked websites.
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Fig. 1. Relationships between websites — types of hyperlinks
(explanation within the text)

Source: Ingwersen, Bjorneborn, 2005

According to Ingwersen and Bjérneborn (2005)
the basic terminology of webometrics is closely con-
nected with the perception of the Internet through
the prism of graphs, with reference to the analysis
of social networks and bibliometrics. According to
the authors mentioned above, the connections of the
network nodes by hyperlinks can be described in the
following way (with reference to Fig. 1):

- B has an inlink from Aj; B is inlinked; A is
inlinking; A is an in-neighbour of B;

B has an outlink to C; B is outlinking; C is an

out-neighbour of B;

- B hasa selflink; B is selflinking;

— A has no inlinks; A is non-linked;

- C has no outlinks; C is non-linking;

- Thas neither in- nor outlinks; I is isolated;

- EandF have reciprocal links; E and F are recip-
rocally linked;

- D, E and F all have in- or outlinks connecting
each other; they are triadically interlinked;

- A hasatransversal outlink to G: functioning as

a shortcut;
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- His reachable from A by a directed link path;

- C and D are co-linked by B; C and D have

co-inlinks;

- B and E are co-linking to D; B and E have

co-outlinks;

- Co-inlinks and co-outlinks are both cases of

co-links.

Up until now the analyses of links were mainly
used in scientometrics (e.g. Harries et al., 2004;
Ortega, Aguillo, 2008a, 2008b, 2009; Ortega et al.,
2008; Maggioni, Uberti, 2009; Park, 2010; Thelwall
2002a, 200b; Thelwall et al., 2003; Vaughan et al,
2007). In these cases the analysis of hyperlinks was
used mainly to identify the connections between uni-
versities. However, it often did not take into account
their location in geographical space. Such popularity
of the analyses of hyperlinks in scientometrics results
from an important characteristic of hyperlinks, i.e.
they are equalled with bibliographical citations. The
link that is placed on a particular website and direct-
ing to another one (outlink) should be identified as
a reference to this website. Thus, the website that is
linked is quoted (has an inlink). This type of cyber-
space citation is often described as ‘sitation’ (Nowak,
2008). The differences existing between citations and
sitations (hyperlinks) are mainly connected with
the very nature of the Internet (see Scharnhorst,
Thelwall, 2005).

Other fields of application of the analysis of hy-
perlinks are more aimed at the identification of
spatial relationships. The works of Lin et al. (2007)
and Takhteyev et al. (2011) take a different course -
focusing on the connections between blogs. They
identify the existence of significant dependencies
between relationships in cyberspace and geographi-
cal space. The analyses of Halavais (2000) and Bharat
et al. (2001) relate closely to the spatial aspects, and
strive to identify the relationships between websites
of entities from different countries. The analysis of
hyperlinked sites and their thematic diversity is also
useful in determining the connections between coun-
tries (Park, 2004). Hyperlinks may also be the basis
for identifying the hierarchy of cities (Brunn, 2005).
The analyses of hyperlinks are also used in research
into the connections between local government web-
sites (Holmberg, Thelwall, 2009; Holmberg, 2010).

2.2. Research procedure
The paper presents two approaches to the analysis

of hyperlinks. First, the relationships were defined
though the analysis of outgoing links (outlinks) from

self-government websites of Lower Silesia. This ap-
proach allows us to identify the spatial distribution of
destinations to which lead the links from a particular
website. The other, complementary approach, is the
analysis of incoming links to a particular website
(inlinks). In this case, it takes into account the dis-
tribution of websites which link to a particular self-
government website (the location of entities admin-
istrating them).

First of all, mirrors of all websites under research
were obtained (program — HT Track Website Copier).
Then, one of the hyperlink extracting programmes
was used to isolate hyperlinks from HTML code (out-
links) — Offline Link Extractor 1.7. The last stage was
to visit each website connected with the analysed site
by a link. Information about the geographical location
of the headquarters of the institution, firm, host or-
ganization, or administrator of the site was obtained
from the home page. In order to obtain information
regarding inlinks advanced functions of the Google
browser were used - the functions of finding websites
which have links to particular website addresses.
It needs to be emphasised that the Google browser is
more and more often used in obtaining information
for spatial research and concerns not only hyperlinks,
but also information on the ‘popularity’ of some geo-
graphical phenomena (e.g. Brunn et al., 2010; Nunes,
2006). Obtaining information on location in geo-
graphical space was identical in the case of outlinks.

Official websites of local and regional authorities
were chosen as the focus of the study. The analyses
were conducted for selected websites of self-govern-
ment units at all levels functioning in Lower Silesia.
These included the websites of the Marshall’s Office,
Voivodship Office - the regional level; websites of
poviats (administrative regions of the 2™ order) and
gminas (administrative regions of the 3™ order) - at
the local level. In the case of poviats, a special analysis
was performed on two characteristic ones chosen on
the grounds of the clearness of their relationships.
The same was done in the case of gminas, but an
additional criterion of selection was the existence of
a relatively large number of links and the location
within the poviats under analysis.

The study uses terminology referring to the the-
ory of graphs. The websites of poviats and websites
to which hyperlinks lead are regarded as nodes. The
edges are hyperlink connections between the nodes,
regardless of the number of hyperlinks. The analysis
does not include nodes from outside Poland. In these
cases the number of links (which constitute edges)
for the websites under analysis did not exceed a few
per cent.
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3. Research results

First, hyperlink destinations for websites of institu-
tions situated in Wroclaw were identified. These in-
cluded the Marshall's Office (UMWD), Voivodship
Office (DUW) - the regional character — and the
Municipality of Wroclaw (Fig. 2). All the three web-
sites are run by institutions which have different
goals, scopes of activity and institutional connections.
This is reflected in the network of nodes and edges
and the number of links. The website of the Marshall’s
Office is strongly connected with the region. Out of

Fig. 2. Outgoing hyperlinks (outlinks) from websites

54 edges, 35 are connected to the nodes within Lower
Silesia. As far as the number of links is concerned,
Warsaw is undoubtedly in the lead (199), but the
other most represented destinations are the main
cities and towns of the region, i.e. Jelenia Gora (14),
Legnica and Walbrzych (9). The situation is differ-
ent in the case of the Voivodship Office: the website
is hermetic, with only 21 hyperlinks to Polish loca-
tions; lack of connection with the region - 1 edge.
As far as the Municipality of Wroclaw is concerned
the connections lead mainly to Wroctaw (682 links),
with similar significance of destinations in the region
(18 edges excluding Wroctaw) and in Poland (20 edg-
es). As for the number of links, apart from Wroctaw,

Explanation: A — Marshall’s Office of Lower Silesia; B — Voivodship Office of Lower Silesia; C — Municipality of Wroclaw

Source: Own study
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Fig. 3. Outgoing hyperlinks from websites
Explanation: A - Klodzko poviat; B - Wroctaw poviat

Source: Own study

Warsaw is in the lead (105) together with other large
cities from outside the region — Krakéw (9), Poznan
and Katowice (6).

An important criterion describing the character
of the relationship is the number of links leading to
Wroctaw and the comparison of this number with the
number of links leading to Warsaw. As was shown
above, the Municipality of Wroctaw is clearly orien-
tated towards the capital of the region (69% of links)
rather than the country capital (11%). The Marshall’s
Office is more strongly connected with Warsaw (30%
oflinks compared to 15% directing to Wroctaw). Even
stronger orientation towards the country capital is
observed in the case of the website of the Voivodship
Office of Lower Silesia: 41% Warsaw — 11% Wroctaw.

Another level of reference are poviats. From
among 28 potential websites those belonging to the
Poviat Authority of Wroctaw and Klodzko were cho-
sen. The main feature distinguishing the two cases is
the strength of the relationship with the area of the
poviat. In the case of Klodzko poviat the destination
of links is strongly connected with the poviat area.
Only 4 edges (among Polish locations) lead outside
the region and 29 to locations within the poviat. The
connections also indicate the significance of towns
within the poviat. The greatest number of links con-
nects the poviat website with Polanica-Zdréj (18),
Duszniki-Zdréj (13) and Kudowa-Zdrdj (12). These
are spa towns which are important from the point of
view of tourism as well as socio-economic potential.

The number of links is even greater than those to web-
sites located in Ktodzko (8). The Wroctaw poviat is
characterised by two features. Firstly, a large concen-
tration of links to Wroctaw, and secondly, a tendency
for the remaining connections to lead outside the
region. In the case of edges the dominance is not so
clear (a relatively good connection within rural gmi-
nas is observed), however, with respect to the number
of links extra-region locations are most common:
Warsaw - 121; Krakow - 9; Katowice — 6: Poznan - 6.

In the case of gminas, each of the selected ex-
amples represents different relationships. Katy
Wroclawskie (Wroctaw poviat) is characterised by
a very strong bond with the area of the gmina - out of
21 edges 10 are connected to the nodes of the gmina
in question (mainly in the immediate surroundings
of the Wroctaw border). The towns within Wroctaw
poviat form 4 nodes. The website of Miedzylesie gmi-
na (Klodzko poviat) is connected with 18 nodes in
Poland. Only 4 of them come from Migdzylesie gmi-
na, and 4 from the other gminas of Klodzko poviat.

From the perspective of links to nodes - adminis-
trative centres at various levels - Miedzylesie is char-
acterised by a balanced structure: 10% of the links
lead to the capital of the gmina, 7% to the capital of
the poviat, 10% to the capital of the region and finally
22% to the country capital. The links coming out of
the town of Katy Wroclawskie are mainly local links
(43%), next comes Wroclaw - the capital of the poviat
(10%) and only 5% to Warsaw.
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Fig. 4. Outgoing hyperlinks from the websites
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Explanation: A - Miedzylesie gmina; B — Katy Wroctawskie gmina (marked 1 on the map - the area of the poviat; 2 — the

area of a particular gmina)

Source: Own study

For the incoming links only those were presented
which lead to the Municipality of Wroctaw, and
namely to its main website (www.wroclaw.pl). The
connection with nodes from large cities from out-
side the region is noticeable, with a less pronounced
participation of the nodes from within the region.
Another characteristic feature is the dominance of
links from websites ‘situated’ in Wroctaw - 141 -
with next nodes in Warsaw with 9 links, and Krakow
with 7.

Fig. 5. Incoming hyperlinks (inlinks) to the website of the
Municipality of Wroclaw

Source: Own study

4. Discussion - hyperlinks in spatial
research

The presented results allow us to identify some regu-
larities regarding the functioning of connections in
cyberspace versus the connections in the real world.
From the perspective of self-government websites it
can be concluded that the connections in cyberspace
reflect the real connections. In the majority of the
analysed cases there is a clear connection with the
actual scope of activity (the borders of a given ad-
ministrative unit). The remaining relationships with
administrative cities reflect the significance of these
cities for the functioning of self-government units in
the social, economic, legal, and administrative con-
ditions. In another study focusing on the hyperlink
connections between the websites the author sug-
gests that the relationships between all levels of self-
government administration should be defined (see
Janc, 2011). Having done this in the present study; it
can be clearly stated that Warsaw is the central node
of Polish cyberspace. The centrality of the country
capital results from Warsaw being the administrative,
political and cultural centre. You can also refer to the
results of the study by Lin et al. (2007), which em-
phasises the existence of strong relationships between
opinion-forming centres. Warsaw is the centre for
the shaping of opinions, ways of thinking and acting.
It is the seat of the most important non-governmental
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organisations. Hence, its significant position as
a node in cyberspace. The dominance of Warsaw is
also noticeable in other aspects of the functioning of
cyberspace - the flow of information between loca-
tions of Internet users (see Ilnicki, Janc, 2009). These
conclusions correspond with TFL. Everything is still
related, but we should notice that a strong relation
does not require geographical proximity. It's funda-
mental from the perspective of new spatial logic - the
space of flows (Castells, 1996). Another important
finding is related to the idea of nodal regions. Nodal
regions, as a special case of functional regions (e.g.
Brown, Holmes, 1971), could be delimited by means
of hyperlink analysis. The presented results show
clear relations between geographical space in terms of
functional relations (functional distance) and cyber-
space (hyperlinks).

Taking into account the objectives set in this study,
it is more important to interpret the results from the
perspective of research opportunities hyperlinks of-
fer geographical sciences rather than their substantial
examination.

Firstly, with regard to the method of analysis, it
needs to be noted that the study of hyperlinks, along
with the entire webometrics, is a developing disci-
pline. Apart from the well-known WIF (Web Impact
Factor) there are no recognised methods of analyses -
approaches, measures, indicators. From the point of
view of spatial analyses at the early stage of develop-
ment of this type of research it seems more significant
to identify the ‘spatial’ relationships rather than devel-
oping new indicators. In this case, the achievements
of webometrics should be used. In spatial analyses it
seems sufficient to identify the phenomenon through
the number of links and the distribution of nodes and
edges. A reliable visualisation (map) will always be
better in this case than the use of complex indicators.
However, one of the major challenges is the identi-
fication of consistent criteria for determining the
websites’ location in space’. When conducting spatial
research one needs to precisely define ‘location’ in
cyberspace as well as in geographical space. Due to
the fact that many websites are locationless (where
do you situate Facebook, YouTube, Google?) or have
multiple locations (does each profile on Facebook,
Twitter form a different location? Does each language
version of Google form a new location?) it seems
extremely difficult to determine the locations and
spatial relationships.

Another important issue is the possibility of
interpreting the research results. The presented em-
pirical analysis helped to determine the relationship
between the actual and the virtual ‘area’ Each of the

presented means of connections between the websites
(see Fig. 1) will have a different outcome. Their appar-
ent asymmetry may create problems when analysing
the results, especially in the case of studying connec-
tions for (between) websites of entities which do not
have a clearly defined area of activity in geographi-
cal space (e.g. blogs, home pages of individuals and
companies). The interpretation should also take into
account the fact that the motives for creating hyper-
links are very different: e.g. they refer to an authority;
support, approval of the contents and opinions; rein-
forcement of the message; trust; criticism (Ackland,
2010). Hence, the solution should be analysed outside
the geographical location and thematic categories to
which a hyperlink can be assigned (see Janc, 2011).
One should also mention the problems posed by
‘spatial” analysis of hyperlinks. The analysis of inlinks
is less accurate and does not fully reflect the reality.
In this case, one should take into account the margin
of error resulting from the functioning of the pro-
grammes indexing the Internet in search of hyper-
links. Each Internet browser yields different results.
Another problem is the dynamics of the Internet.
Changes in the resources, the appearance of some
sites and the disappearance of others, the introduc-
tion of new versions of the same websites, the func-
tioning of the so-called ‘deep Internet’ (not indexed
by the web search engines), changes in the way search
engines operate — all this may impede dynamic re-
search. The situation cannot be compared at different
times. Of course, in this case it is necessary to under-
stand that we will probably never be able to determine
the true size or structure of cyberspace. Any research
conducted into cyberspace will only lead to approxi-
mating ‘the reality, and not its faithful description.
However, the same situation occurs in traditional ge-
ography - all the statistical data only help to roughly
describe the actual processes and phenomena.

5. Conclusions - research directions

Based on the conducted analyses it can be concluded
that the study of hyperlinks may be useful in un-
derstanding the relationships between geographical
space and cyberspace. They may form a new, interest-
ing field of spatial research. The examples presented in
this paper are only a fragment of a larger whole, a fine
element of the system of real connections. Categorical
statements could only be made after examining the
entire phenomenon (all self-government websites in
Poland). However, due to the pioneering nature of
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this research, only some generalisations were made
which could be useful in the further development of
this type of research. Therefore, we can identify the
following potential fields of exploration of hyperlinks
in spatial research: (a) relationships between different
types of institutions aiming to identify interdepend-
encies and connections - e.g. universities, cultural
institutions, NGOs; (b) the analysis of the functioning
of company websites. The possibility of defining con-
nections within one company (subsidiaries, branch
offices) and between enterprises (co-operation, inter-
dependencies). One can also expect the possibility of
identifying the potential/actual scope of the impact of
a given company - in conjunction with the qualitative
analysis of the websites (e.g. language versions, con-
tent analysis); (c) specifying the significance of ‘plac-
es’ and ‘areas’ in the hierarchy, the popularity of places
and areas. The number of references (together with
the in-depth analysis of the ‘visibility” of the website
on the Internet) to websites belonging to the entities
located in a particular place may provide information
about the role and interest in the place - something
that is often impossible to determine through tradi-
tional statistical measurements assigned to the units
of spatial reference.
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