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Abstract: So far Internet studies have focused mainly on using website content for gathering business
information, however web hyperlinks have not been exploited enough for business purposes yet. Webometric
techniques are based on the exploitation of information contained in the hyperlinks that connect the different
documents contained on the Web. Webometrics could be considered as a new discipline that applies bibliometric
techniques to the quantitative study of the Web, but also a discipline that progressively develops its own
concepts and methodology. So far studies in this field have focused on academic and scholarly web spaces;
however this methodology is equally applicable to commercial sites which are more predominant on the Web.
This paper is intended to show how webometric techniques could be applied to business and management
studies. Therefore, it describes a number of basic concepts and techniques and the way in which they have been
applied to these fields so far. Firstly, some studies found that the number of links pointing to companies' websites
correlates significantly with the business performance measures of the entity. This finding suggests that links to a
website could be used as a timely indicator of business performance. Secondly, the examination of co-links,
which refers to webpages that links two business sites simultaneously, have been used for competitive
intelligence purposes. These studies are based on the idea that the number of co-links to the websites of a pair
of companies is a measure of the similarity between them. For instance, this similarity measure between
companies in the same industry can provide information about their competitive positions. Finally, motivations for
the creation of hyperlinks to business sites could be analysed through a content analysis approach in order to get
confirmation about the business relevance and nature of links. This view complements the quantitative
perspective to link and co-link research, providing a brand new approach to business studies.

Keywords: web mining, webometrics, business intelligence, business management, internet studies
1. Researching the Web: why hyperlinks do matter

Since its creation in 1989, the World Wide Web (the Web) has revolutionised the Internet, facilitating
the access to information to many potential users. Two decades later, the Web has become part of
the daily lives of many people all over the world, causing deep social transformations that social
scientists struggle to understand. Moreover, for the past five years, the Web has undergone
significant changes by the popularisation of the so-called Web 2.0 (O'Reilly, 2005). This has provoked
a democratisation of the information creation tools in such a way that millions of people have started
to participate in a global conversation based on the use of no cost, user friendly, multimedia and Web-
based software (Jenkins, 2006). The blossoming of publishing on the Web has made the media more
difficult to understand, always in a process of constant change, described by many as chaotic,
uncontrolled and of poor quality (Keen, 2007). However, the Web and the Internet as a whole are the
largest repositories of information ever known in history.

In 2008, the official Google blog (2008) reported that the number of pages indexed had grown to more
than one trillion (as in 1,000,000,000,000) unique URLs (Uniform Resource Locators). Technorati
(2009), the main blog search engine, reported to be tracking on the order of 133 million blogs by the
end of 2008. Most, if not all, of the human activities, whether they are political, social, educational or
economical are reflected on the Internet, and some have developed native online phenomena that
would not exist in the offline world.

The available collection of information makes it possible to define the Web as an enormous
unstructured and heterogeneous database that, despite its appearance, is not randomly built. This
implies that this could be exploited from different perspectives (based on content, structure and user
behaviour) in order to study unique online phenomena or offline phenomena reflected in the Web. A
basic component of the array of information available is the hyperlink.

A hyperlink is a reference or navigational element in a document to another section of the same
document or to another document that may be on or part of a different domain. Hyperlinks represent
the hidden structure of the Web connecting different sites and webpages that would stay isolated
unless the specific URL is known (Berners-Lee, 1999). They can be regarded as an endorsement of a
target page, especially if the creator has placed that link because it points to a useful or relevant
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resource. The creation and exploitation of hyperlinks are not an irrelevant phenomena, but imply
significant social repercussions (Turow and Lokman, 2008). It is not meaningless that currently most
of the search engines use link analysis as part of their algorithms to crawl websites and to rank the
pages (Batelle, 2005).

Google’s market dominance derives originally from the technological lead established by the
Pagerank system introduced in 1998 (Brin and Page, 1998). This Pagerank is based on hundreds of
factors that have changed over time in order to avoid manipulation, but basically follows two
principles:

= Webpages that have more links pointing to them are considered to be more relevant.

= Not all the hyperlinks have the same value. Those links established by relevant webpages are
more valuable than others from less well known webpages.

However, hyperlinks are not a perfect source of evidence because many of them have not been
created by a thoughtful process in order to endorse or discredit a webpage. Many links are created for
navigational purposes within a site; others are just automatically created by content management
systems or, in the worse case, they are just spam or lists of URLs created to perform better in the
search engines rankings.

Hyperlinks constitute the raw basic material of quantitative research in the Web, as performed by
Webometrics.

2. Anintroduction to Webometrics

The idea of the Web as a distributed database that is exponentially growing over time has been
appealing for Data Mining research. There is a great potential for analysis by mining the website
content, document structure, site relations, and user behaviour (Benoit, 2002). In this context,
Webometrics has developed into a new discipline that studies Web-phenomena from a quantitative
point of view.

2.1 Definition

The origin of Webometrics can be found in the field of Information Science. Thelwall, Vaughan and
Bjorneborn (2005: 81) point out that the discipline “emerged from the realization that methods
originally designed for bibliometric analysis of scientific journal article citation patterns could be
applied to the Web, with commercial search engines providing the raw data”. In fact, the idea that a
link pointing to a webpage means a 'vote' to that webpage or document is based on bibliometric
methods to rank scientific production (Garfield, 1979). The term Webometrics was first coined by
Tomas Almind and Peter Ingwersen in 1997 and seems to be widely accepted by the research
community together with the term Cybermetrics. Bjérneborn (2004) defined both terms by limiting their
research areas. Webometrics is "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" (in Bjérneborn and Ingwersen, 2004: 1217), while Cybermetrics does the
same but on the whole Internet. Hence, Cybermetrics is more focused on the study of non web-based
Internet phenomena, e.g. emails, chat, newsgroup studies, etc. Figure 1 shows the location and
overlapping of these disciplines in the general context of Information Science.

Recent developments within the field suggest a move in the scope of the definition into a more
general social science research approach instead of an approach that is mainly based on a
informetric and bibliometric perspective. Thelwall (2009: 6) defines Webometrics as “the study of web-
based content with primarily quantitative methods for social science research goals using techniques
that are not specific to one field of study”. Interdisciplinary research is getting more significant by
enlarging the types of subjects of study and the techniques used. This evolution aligns with the
definition of Internet research given by Hine (2008: 537): “Internet research itself is not a discipline but
an interdiscipline, a field or a research network populated by heterogeneous perspectives.”
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Figure 1. Webometrics and Cybermetrics in the context of Information Science (Bjérneborn and
Ingwersen 2004: 1217)

2.2 Basic concepts

Bjorneborn and Ingwersen (2004) carried out the first attempt to develop a consistent terminology on
the webometric field. Some years later, Thelwall and Wilkinson (2008) proposed a generic lexical
framework that, based on the previous work, intended to unify and extend existing methods through
abstract notions of link lists and URL lists.

Figure 2 shows a diagram of the Web where the circles represent different types of nodes (websites,
webpages, etc.) and the arrows connections between them. The squares within the dashed line
rectangle are nodes that are considered for analysis in a given research. They are specially useful to
illustrate a specific type of analysis, the so called, co-link analysis.

The entire Web

© Webpages or
. Websites in
: the study

Figure 2: Diagram with different types of links existing in the Web.

Letters in the diagram represent any type of document in the Web, whether it is a webpage or a
website, for instance. The following basic webometric terms (Bjérneborn and Ingwersen, 2004) can be
explained by reference to Figure 2:

= |nlink: B has an inlink from A.
=  Qutlink: A has an outlink to B.
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= Self-link: C has a self-link.
= Page or site isolated: K is isolated as it does not have any inlinks or outlinks.
= Reciprocal links: I and J have reciprocal links.

= Transversal link: A has a transversal outlink to H. This type refers to a link that joins to different
areas of the Web that are not well interconnected.

= Co-inlinks: 1 and 4 have a co-inlink, as B links both of them simultaneously.
= Co-outlinks: G has a co-outlink, as 1 and 3 are linking to it.

This paper basically focused on inlink and co-inlink analysis, as most of the webometric research on
business is based on these two concepts. Co-inlink analysis is referred simply as co-link analysis later
in this paper.

2.3 Methodology

Before reviewing the application of webometric techniques to business research, this paper offers a
general overview of the methodology. The application of bibliometric techniques to the Web had
derived from the similarities between hyperlinks and academic citations, considering that both point
from a source document to a target document. Nevertheless, important differences exist.

In this paper, we briefly describe three main types of techniques based in the use of commercial
search engines to gather raw data. For a more systematic approach, a complete and didactic
reference is Thelwall (2004; 2009).

2.3.1 Web impact analysis

Web impact analysis provides evidence for the impact or the spread of ideas, brands, organisations,
etc. on the Web by measuring and analysing the URLs retrieved by commercial search engines in
response to a specific query. This approach is especially useful as an exploratory approach for further
research, although it has some significant drawbacks. For instance, one such problem is the extent to
which the keyword used matches or does not the subject under research. This technique is the only
one in this paper that is not based on the analysis of hyperlinks, however as it is the most intuitive one
is appropriate to introduce the subject.

The main problems come from keywords that are too common or have different meanings, resulting in
a wide variety of results that do not necessarily match the issue under study. In this case, it is
necessary to filter out false matches. However, this is not always possible due to search engines
limititations (see section 2.4).

Practical example: To carry out a basic impact analysis of two commercial banks in the UK, queries
[‘Royal Bank of Scotland”] and [Barclays] could be searched on Google, Yahoo! or Bing (MSN).
Nevertheless, the number of matches is so high that the researcher might need to refine the search in
order to focus on a specific issue concerning the companies. For instance, to explore the effects of
the financial crisis on the banks, queries could be formulated such as [*Royal Bank of Scotland” AND
“financial crisis”] and [Barclays AND “financial crisis”].

2.3.2 Link impact analysis

Link impact analysis is based on the comparison of the number of webpages or websites that link to a
set of webpages or websites under research. The purpose of this type of research is, according to
Thelwall (2009: 28), “to evaluate whether a given website has a high link-based web impact compared
to its peers”. Also inlink counts can be an indirect gauge of other attributes of the organization
represented by the website. For instance, this has been traditionally used, within the academic field,
as a potential estimator of research performance (Smith and Thelwall, 2002). This method is more
accurate than the previous one because false matches are surely avoided. However, other problems
need to be taken into account, e.g. the search engines set restrictions on search of inlinks (see
section 2.4), or the company is using more that one corporate URL.

Practical example: Following up the aforementioned example, to carry out a link impact evaluation of

the two companies, the queries that should be used on Yahoo! (the search engine with the best array
of functions for this purpose) would be as follows: [linkdomain:rbs.com -site:rbs.com] and
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[linkdomain:barclays.com -site:barclays.com]. The results would be the estimated total number of
links that point to the specific domain except the links that come from the same domain or self-links.

2.3.3 Co-link analysis

Co-link analysis could be classified as a type of link relationship mapping techniques (Thelwall, 2009).
These are based on the link data that interconnect a set of websites in different ways in order to draw
a diagram that illustrates the relationships between them. In particular, co-link analysis is based upon
the number of webpages that link at the same time two webpages or sites belonging to the group of
entities under study. This description fits the concept of co-inlink previously explained. As we
mentioned before, co-link is often used as equivalent to the co-inlink concept. It is the case in this
paper.

Co-links are analogous to the bibliometric concept of co-citation (Small, 1973). Co-link analysis has
also been demonstrated to be a useful tool to reveal the cognitive or intellectual structure of a
particular field of study (Zuccala, 2006). This method is particularly useful when websites interlink
each other very rarely. It is the case of commercial websites that scarcely link the website of a
competing company, especially when they are in the same industry (Vaughan, Gao and Kipp, 2006).
The explanation to this could be that companies seem to avoid diverting web traffic to competitors
(Shaw, 2001). Moreover, as Vaughan (2006) points out, co-link data are more robust than inlink data
as the former are less easily manipulated. Multidimensional scaling and network diagrams are often
used to show the data gathered and to interpret results.

Practical example: The query [linkdomain:rbs.com -site:rbs.com linkdomain:barclays.com -
site:barclays.com] would retrieve the estimated total number of links that point simultaneously to both
domains except the links that come from the same domain or self-links.

To conclude this section, some final considerations need to be done. Due to the origins of the
discipline, so far the majority of webometric research has been carried out in the academic field.
Thelwall, Vaughan and Bjérneborn (2005: 113) acknowledge this situation and point out that “This is
ironic given that the Web is dominated by commercial sites”. Webometrics is progressively enlarging
its scope, focusing upon political websites (Foot and Schneider, 2006; Park and Thelwall, 2008),
social networking (Thelwall, 2008b; 2008c; 2008e) and commercial websites (see section 3).

2.4 Collecting data using commercial search engines

Search engines are crucial for webometric research, because their databases are the source of
information that cover most of the Web. Despite the fact that personal web crawlers can be used to
automatically download pages and extract their links, commercial search engines have been used
extensively for research especially when large areas or potentially the whole Web are the object of
the study.

In order to perform a better research using commercial search engine data, it is fundamental to get a
good understanding of the industry context, the advanced functions offered and the limitations.

A feature of the search-engine market is the oligopoly of three search-engine operators Google,
Yahoo! and Live Search (Microsoft) which, from a global perspective, share the majority of the
generalistic search-engine market. In specific areas of the Web the are other players such as
Technorati for searching blogs. Search engine industry is under a constant process of change and
innovation. This issue has been treated by many papers in recent years (Bar-llan, 2004; Vaughan and
Thelwall, 2004; Lewandowski, Wahlig and Meyer-Bautor, 2006; Evans, 2007; Thelwall, 2008d).

As already mentioned, commercial search engines are the only source of data that covers the entire
Web. However there are some significant limitations derived from the use of commercial search
engines:

= Search engines do not index the entire Web (Sherman and Price, 2001; Bar-llan, 2004; Thelwall,
Vaughan and Bjérneborn, 2005).

= Ranking systems eliminate similar or identical pages in their results, in order to avoid providing
useless information (Gomes and Smith, 2003; Thelwall, 2008a).
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= Crawling and reporting algorithms are commercial secrets and, therefore the exact criteria used to
rank the information is unknown (Thelwall, Vaughan and Bjérneborn, 2005).

= The total number of results offered by search engines are estimates as they use algorithms that
prioritise response time rather than exhaustiveness (Bjorneborn and Ingwersen, 2001).

= Results can be subject to national or language biases (Vaughan and Thelwall, 2004).

= The results can fluctuate and change over the time. In addition, only a few number of pages are
accessible (usually just a maximum of 1000).

Commercial search engines are the best and unique source of information we have for certain types
of webometric research, however they are not designed with this academic purpose and the results
are not as exhaustive as we would desire. At this moment, Yahoo! is the search engine that is more
useful for webometric research (Thelwall, 2008d). Yahoo! inlink data can be gathered in two different
ways, through the general Yahoo! search engine and through Yahoo! Site Explorer. Despite the latter
specializing in web structure information, complex queries can only be submited through the general
Yahoo! search engine interface.

Nevertheless, collecting data can be a very time consuming process if using the web interface. This
problem could be overcome by specialized software based on the application programming interfaces
(API) developed by search engines and other services on the Web.

3. A webometric approach to business studies

Internet research applied to companies can provide new insights on Competitive Intelligence (Cl) in
order to help companies generate and maintain a competitive advantage (Porter, 1980). Cl consists of
a systematic plan to obtain and analyse information about competitors and general trends in the
industry (Kahaner, 1996). The abundance of information available in the Internet generates new
opportunities and challenges for businesses that need to monitor changes around them in order to
compete in better conditions.

In the last decade, a few Web hyperlink analysis have been conducted for Cl purposes with promising
results (Reid, 2003; Tan et al., 2002). For example, Reid (2003) proposed a link analysis method
which analysed a particular website, but not the global context of the Web. Over the last 5 years,
Vaughan and colleagues have investigated the relationships between inlink counts and business
performance measures as well as the application of co-link research to companies’ websites.

3.1 Do inlinks and financial variables correlate?

Vaughan and colleagues' research on commercial websites has explored quantitative relationships
between inlink counts and business performance variables. Vaughan and Wu (2004) made the first
attempt to prove the hypothesis that the number of inlinks to commercial sites correlates with financial
variables. This study tests the hypothesis in two groups of Chinese companies. Group 1 is made up of
China's top 100 Information Technology (IT) companies and group 2 is comprised of top 100 privately
owned companies.

The IT industry was selected because companies in this industry, by the nature of their activity, are
likely to be leaders in utilizing the Web for commercial purposes. Experience has shown that different
industries, have distinct patterns in the use of web technologies and therefore only homogeneous
companies are likely to be comparable. Group 1 constitutes a homogeneous group of companies in
terms of business activity, whereas group 2 is not homogeneous.

The financial variables available were: gross revenue, profit, export revenue and research and
development expenses (for group 1); and, gross revenue (for group 2). Inlink data to each company
website were collected using major commercial search engines at that time: Google, AltaVista,
AllTheWeb and MSN Search. Also, the variable website age was used based on previous evidence
(Vaughan and Thelwall, 2003) showing that inlinks to a website correlated with the age of the site, this
is, older sites receives more inlinks. This data were retrieved from the Wayback machine in the
Internet Archive (www.archive.org).

Spearman correlations in Table 1 show significant relationships between inlink counts and the three

accounting variables. Results suggest that inlinks could be considered as a complementary
performance indicator of a company. Vaughan and Wu (2004: 494) suggest that the strong correlation
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found with research and development expense “could mean that companies that invest more in
research and development have a better Web presence and that their sites are more visible and
attract more links to them”. No significant correlation was found between inlink count and export
revenue. However, export revenue only represents a small fraction (around 8%) of the gross revenue
and therefore it seems not to be of relevance as a global performance indicator.

Table 1: Spearman's correlations between business performance measures and inlinks (Vaughan
and Wu, 2004)

Gross revenue Profit Research and development

expenses
Inlink count .51 .30 .64
Inlink count / Website age .50 .30 .63

All correlation coefficients in the table are statistically significant at .01 level.

In relation to group 2 consisting of heterogeneous companies, there is no significant relationship
between inlink count and gross revenue. As previously mentioned, this group is made up of
companies belonging to different industries. Vaughan and Wu (2004: 494) conclude that “link count
can be an indicator of business performance only when homogeneous group of companies are being
compared”.

In a second paper, Vaughan (2004b) studied the same relationships for the top 100 IT companies in
China and the top 51 IT companies in the United States (US). Spearman's test in Table 2 shows
significant correlations, lending support to the conclusion raised in the previous study. It is worth
noting that the two sets of correlation coefficients are very similar in spite of the remarkable
differences between both countries.

Table 2: Spearman's correlations between business performance measures and inlinks (Vaughan,
2004b)

. . Inlink count / Inlink count /
Inlink (r:(e)\L/jgrtwfeGross Inlln:;rco?ciL:nt & Website age Website age
& Gross revenue & Profit
China .51 .30 .50 .30
United States 51 .35 .58 .37

All correlation coefficients in the table are statistically significant at .01 level.

In a third study (Vaughan, 2004a), all Canadian and United States IT companies were examined. This
time, in order to raise more general conclusions, the whole population of the companies in the
industry was analysed. Also a new variable, the number of employees, is used to measure the size of
the company. This variable is intended to oversee the effect that a larger company will tend to have
larger revenue if the rest of the variables remain constant. Apart from confirming previous evidence,
the results in Table 3 demonstrate that there is still a significant correlation, even after considering the
company size.

Table 3: Correlation between business performance measures and inlinks (Vaughan, 2004a)

Inlink count & Inlink Inlink count & Inlink count / Inlink g:ount/
. Website age
Number of count & Revenue per Website age
& Revenue per
employees Revenue employee & Revenue
employee
Canada .57 .55 .35 .55 .36
United States .68 71 .53 .67 .51

All correlation coefficients in the table are statistically significant at .01 level.

More recently, new research has sought to confirm this evidence by exploring different types of
industries.

Romero-Frias and Vaughan (2009a) analysed the top 50 international banks by using two different
webometric techniques, inlink analysis and co-link analysis. The banking industry was selected due to
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its economic significance in the financial crisis context and its high level of internationalization. Two
sets of inlink counts (December 2008 and June 2009) and a set of financial variables for the year
2007 (including total assets, total liabilities, total revenue, net income, earnings before tax and return
on assets) were taken into account in the study. Spearman's test showed that a majority of the
correlation coefficients were significant at the .01 level. Only return on assets was found not
significant.

Findings show that inlink counts could be used as a gauge of the banks' financial position and
financial performance measures in absolute terms. However, there is no evidence when we refer to
relative financial measures, such as return on assets. This could be explained by the absolute nature
of the figure “inlink counts”, as it accumulates all links pointing to a webpage since its creation. This is
similar to the nature of financial position variables and, somehow, to the financial performance
measures as revenue or total income tend to increase over time based on previous performance.

These results are also consistent with the results reported by Romero Frias, Vaughan and Rodriguez
Ariza (2009). This study extended previous research by finding evidence of significant correlations
between inlink counts and financial variables in several industries in the United States. The study
analysed five different industries (commercial banks, construction of buildings, general merchandise
store, utilities and mining), as well as the companies in the Dow Jones Industrials. The following
economic variables for the years 2005-2007 were collected: number of employees, total assets, net
income, total revenue, EBITDA, return on assets (ROA) and return on equity (ROE). Inlink data were
retrieved from Yahoo! in January and May 2009. Due to the non normality of the inlink variables and
other financial variables, Spearman's test was used. Correlations for the Dow Jones set of companies
were not significant, confirming the evidence that only homogeneous companies in terms of activity
are comparable (Vaughan and Wu, 2004). Significant correlations were found, to different extents, for
all the industries, except for the Construction one. The Store industry had the positive and highest
correlation coefficients with all the financial variables, including ROA and ROE. Utilities was the
second industry regarding the level of correlation and the number of variables that were correlated,
followed by the Banking and Mining industries.

In comparison to the results of Romero-Frias and Vaughan (2009a), correlation coefficients for the US
banking industry are higher than for the global banking industry. This could be explained by the
homogeneous competitive conditions that exist in the US market versus the heterogeneous markets
where the top international banks operate. For instance, the extent to which the Internet is used for
commercial purposes in the different countries could also be an explanatory variable.

It is worth remarking that correlation does not mean causation. The large number of inlinks that a
company’s website attracts does not cause the better financial performance. Although it is clear that a
positive web image may constitute an intangible asset for a company and therefore can generate
future incoming resources, it is more feasible that a bank that is doing well financially is able to
maintain a high profile on the Web, maybe through the development of e-commerce practices. As the
economy becomes more and more digital and information-based, companies are prompted to monitor
if their web presence is in accordance to their financial importance. Web presence measured by inlink
count could be an appropriate gauge to evaluate intangible assets related to the Internet.

3.2 Co-link analysis

Web co-link analysis for business information started by focusing on a single industry (Vaughan and
You, 2006) or on a specific sector within an industry (Vaughan and You, 2008; Vaughan and You,
2009).

Based on the results of the past studies, Vaughan and You (2006) applied co-link analysis to map
business competitive positions of 32 telecommunication companies. The hypothesis under
examination is that the number of co-links to the websites of each pair of companies is a measure of
the similarity between the two companies. This means that the more co-links the two companies
have, the more related they are from the point of view of the sites that link to them. 32 companies
were selected according to the following criteria: companies from different parts of the world, from
different sectors within the telecommunications industry and top companies in terms of revenue. Co-
link data were collected in order to reflect the business relationships in two markets, the global market
and the Chinese market. With this purpose, global Yahoo! and Yahoo! China, the top search engine in
China at the time of the research, were used respectively to collect the data. The symmetrical co-link
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matrix obtained was analysed by using multidimensional scaling (MDS), which generated a map
showing the relative positions of the companies in the industry. An MDS map depicting the relative
positions of companies in the global market is shown as an example in Figure 3.
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Figure 3: MDS mapping result based on global Yahoo! data (Vaughan and You, 2006: 619)

The companies are clearly clustered into the sectors of the telecommunications industry as labeled in
Figure 2. The companies that are not grouped into clusters present specific features which explain
their positions. The authors concluded that the maps obtained are consistent with the competition
landscape of the industry. Findings suggest that co-link data do contain information about the
relationship among companies. Vaughan and You (2006: 618) assert that: “Highly co-linked
companies are highly related in their products and the market. Since related companies are
competitors (they serve the same market needs), it follows that co-link data can be used to map the
competitive position of companies.”

A more recent paper (Vaughan and You, 2008) proposed a method that combines page content
mining (keyword) and Web structure mining (co-link data) to achieve a more detailed picture of a
particular sector within an industry. The WiMAX sector of the telecommunication industry was chosen
specially because this acronym is used only to refer to this particular technology and therefore it
avoids the problem of false matches. 39 companies were included in the study and two sets of co-link
data were collected (with and without keyword) using the MSN search engine. By adding the keyword
WIMAX to the search, only webpages that mention that word are retrieved. This implies removing
pages that co-link the two companies for reasons other than the companies' activities in this particular
sector. The maps obtained by applying Multidimensional Scaling are shown in Figure 4.

The first map, without the keyword (left), shows clusters of companies in terms of their overall
competitive positions in the telecommunication industry. Three main groups are identified: “WiMAX
chip”, “WIMAX equipment” and “comprehensive” companies that offer a wide variety of products and
services. The second map, with the keyword (right), is able to present companies in five main groups
that reflect their competitive positions within the WiMAX sector. This map shows a more detailed
analysis on the relationships between telecommunication companies but only from the point of view of
the WIMAX services they provide. Authors compared their analysis of the sector with results obtained
by an independent market research, finding their conclusions a great match. This study proves that by
adding a keyword to the query in the search engine, the information obtained about the relative
positions of the companies in the sector is more accurate and meaningful.
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Figure 4: MDS map without the keyword (left) and MDS map with the keyword WiMAX (right)
(Vaughan and You, 2008: 438 and 439)

The methodology developed in these papers has also been tested and verified in other countries and
other industries. Romero-Frias and Vaughan (2009a) analysed the evolution of the top 50
international banks through co-link analysis, finding the existence of 3 main clusters of banks: Asian,
European and the so called English-speaking banks that include banks from United States, United
Kingdom, Australia and Canada. Vaughan, Tang and Du (2009) studied China’s chemical industry
and electronics industry. Finally, Romero-Frias and Vaughan (2009b) extended the use of co-link
analysis into the banking industry in the US in order to test the feasibility of combining page content
with co-link data to monitor financial crisis.

Parallel to these studies on homogeneous sets of commercial websites, research on heterogenous
websites has been carried out to test the triple helix theory on the Web (Stuart and Thelwall, 2006;
Garcia-Santiago and de Moya-Anegdn, 2009). In this line, Romero-Frias and Vaughan (2010)
extended co-link analysis to websites of heterogeneous companies belonging to five stock exchange
indexes. The companies selected are the biggest in their respective economies and therefore have a
significant web presence. In addition, they are also likely to receive more attention from users,
competitors, government and other economic agents. When applying co-link analysis to companies
belonging to different industries, the interpretation of co-link as a similarity measure does not stand
only for competitive relationships, but for a wide variety of interactions, such as alliances and other
linkages between distinct industries. The main conclusion of the study indicates that the degree in
which the industrial activity is information centered determines the position of the companies in the
MDS maps of the different indexes. The so called information centered industries include mainly IT,
media, and financial companies, among others. Co-link analysis could reveal the extent to which
certain industries are involved in an ongoing process of business model transformation.

3.3 Content analysis

Qualitative research is a necessary complement to quantitative research because it provides
confirming evidence about the relevant nature of the links being analysed. First study on commercial
websites was carried out by Vaughan, Gao and Kipp (2006). This study examined three items from a
set of webpages: country location of linking webpages, types of sites that created the links and
motivations for linking. They analysed 418 links to US companies and 390 links to Canadian
companies randomly taken from inlinks to companies studied in Vaughan (2004a). The results
conclude that the vast majority of links to business sites are business related, supporting the
relevance of link impact analysis for data mining purposes on commercial sites. Regarding
motivations for linking, findings show that most types of links came from online directories (22,5%), list
of companies (19,6%) and news articles (12,4%). The predominance of inlinks described as
directories and list of companies, besides the fact that only 2 out of the 808 links studied pointed to
competitors, indicate that co-link could be a fruitful direction to study business competition, as already
explained in the previous section.
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Content analysis has also been carried out to study the motivations for co-link creation. Vaughan,
Kipp and Gao (2007) used content analysis of co-link pages to examine whether co-links had
business purposes and why co-links were created. 495 co-link pages to 32 telecommunication
companies (the same as used in Vaughan and You, 2006) were classified. 68.5% of co-links were
created by commercial sites and 57.6% of co-links pointed to related products or companies. Also,
these authors (2007: 447) conclude that “co-links to homepages are more likely to connect highly
related businesses and to show a true business relationship between co-link companies.”

4. Concluding ideas and future research

This paper has offered an overview of the webometric methodology to perform quantitative research
of the web phenomena. The increasing importance of a hyperlinked society highlights the relevance
of this approach to business studies. So far, most of the research on commercial websites has been
carried out from an information science perspective, but there is a promising and wide field to explore
different types of business issues by using information extracted from the Web. Additional work still
needs to be done in analysing different industries and regions and in developing business
applications to benefit from the findings up-to-date. It would be useful to monitor the Web periodically
to analyse how web variables and economic variables correlate over time. Moreover, explanatory
models based on multivariate regression need to be explored.

To conclude, the use of alternative sources to collect web data represent a new horizon for
researching in social sciences. In this line, an improvement in the possibilities offered by search
engines is to be expected, in particular based on a semantic analysis of internet contents and in the
development of more powerful APIs.
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