Webometrics and Scholarly Communication:
An Overview

Abstract:

Kayvan Kousha'

Thehopethat web linkscould beused to providesimilar kinds
of information tothat extracted from traditional jour nal citations
hasbeen akey reason in motivating much Webometricsstudies.
Since 1996, jour nalsand univer sities web siteswer ecentral point
of most Webometrics research in order to validate links as an
important sour ce of information for scholarly communication.
Results of recent studies indicate that web hyperlinks can be
related to scholarly measures, but no cause-effect relationship
was claimed. This review attempts to illustrate results of key
quantitative and qualitative link studies, especially on journals
and university Web sites and to give aperspective for future

Webometricsstudies.
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1. Introduction

Since 1996, many articles have been
written on Web links and their interesting
nature for exploring a kind of scholarly
communication with reasons to consider
whether theories of bibliometrics, such as
journal citations, can be applied to the Web
environment (for example, Almind &
Ingwersen, 1997; Rousseau, 1997,

Ingwersen, 1998; Borgman & Furner, 2002).
Itisbelieved that Webisimportant source of
information for quantitative studiesinterms
of forma scholarly communications(such as,
electronic journas, preprints, academicweb
spaces) as well as informal scholarly
communications (such as chat, email,
discussion groups). Some of the above
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researches have drawn analogy between
citationand weblinks. For ingtance, Rousseau
(1997) used theterm " Sitation” torefertoa
cited site, Ingwersen (1998) proposed "Web
Impact Factor" asweb counterpart of ISI's
Impact Factor; and Borgman & Furner
(2002) discussed about analogy between
"linkingandciting" .

While structurally very similar, journa
citations are refereed documents and
thereforetheir productionissubject to quality
control and they are part of the mainstream
of academic endeavor, whereas web
hyperlinkshavediscussable naturesinterms
of their quality. In fact, some researchers
believethat thereare significant differences
between bibliographic citation and web
hyperlinksasreferred by Egghe (2000) and
van Raan (2001). So, it is obvious that the
challengeof the current Webometricsstudies
istoinvestigate possibleand ogy between link
andcitation.

Although, itispossibleto apply techniques
of Webometricson any web spaceswith less
scholarly characteristics, for instance
newspapers web sites (Kousha, 2004), to
find someevidencesfor scholarly rdationship,
majority of studies were conducted on
journasand university web sites. Findingsof
severa quantitative studiesintherecent years
give us some evidences that there is a
relationship between inlinksto journal web
stesandtheir ISl impact. Such relationship
found between linksto university web sites
andtheir national rankingsor other research
productivitiesin different national academic
web spaces. However, noimplicit causative
connections have been claimed for the
relationship between web linksand research
inthe above studies. Thispaper reviewsthe
resultsof rel ated research on\Webometricsand
scholarly communication onthewebintwo
parts: link studieson journals web stesand
link analys sof nationa academicweb spaces.
So, itwon't cover al web hyperlinks studies.

2. Scholarly Communication onthe Web:
Methodological Issues

Borgman (2000, p. 144) described the
scholarly communication "the study of how
scholars in any field use and disseminate
information through formal and informal
channels. The study of scholarly
communication includes the growth of
scholarly information, therdationshipsamong
research areas and disciplines, information
needsand usesof individua user groups, and
therelationshipsamong formal andinformal
method of communication”. Itisbelievedthat
web environment play avita roleinformal/
informal communications. But, the main
question is that how we can measure the
impact of such scholarly communication.
Webometrics, the quantitative study of web-
related phenomena, could be applied as a
doution.

Bjorneborn & Ingwersen (in press) have
defined Webometrics as "the study of the
quantitative aspectsof the construction and
use of information resources, structuresand
technologies on the WWW drawing on
bibliometric and informetric approaches’.
They have also differentiated between
concepts of Informetrics, bibliometrics,
scientometrics, cybermetrics and
WebometricsasshowninFigure 1.

Figurel. Thesizesof theoverlapping between
Informetrics, bibliometrics, scientometrics,
cybermetricsand Webometrics (Bjérneborn &
Ingwersen, in press).
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Theaim of most Webometricsstudiesisto
vdidatelinksasanew information sourceand
to measure its impact on formal/informal
communications. One of the key tasksisto
comparethelink datawith other related online
or offline data to investigate possible
correlation between variables. With links
between university web sites, for instance, a
positive correlation between link countsand
ameasure of research would provide some
evidencethat link creationwasnot completely
random and could be useful for studying
scholarly communication. Moreover,
comparing inlink countsto e-journalsand e-
articles with their ISl citation counts can
present some evidencefor analogy between
web hyperlinking and bibliographic citation.

Comparingtotraditiona citationanaysis,
Webometrics research is facing several
limitations, many of therelated to nature of
webenvironmentitsalf. Forexample, invisble
Web, thet part of theweb that isnot accessible
by search engines, is serious issue for
Webometrics study. In fact, commercial
search enginesdo not cover the entire \Web.
Lawrence& Giles, (1999) showed that even
thelargest search enginein 1999 coversless
than 17% of web space. Thereare someother
technical problemsfor locating web pageshby
search engines' crawlers. For instance,
crawlers likely miss many isolated pages
without any linked pages. Crawlers can not
also index pages with links in the form of
JavaScript, password-protected databases,
temporarily down servers. Since, search
optionsand accuracy of retrieval systemis
subject to changewithout notice, researchers
awaysshould check precision of thesdected
search engines for Webometrics studies.
Becauseof theabovelimitation of commercid
search engines, Thelwall (2001a) tried to
design a specific crawler for data mining.
Since, Webometricsis quantitative study of
web, selection of asample of pagesor links
isimportant. But, selecting unbiased sample

fromthewebisvery difficult and discussable,
because we are facing with huge number of
ever increasing of web pageswhich search
engines can not index them. Therearealso
someproblemsfor displaying resultsin search
engines. Infact, most search enginesdo not
allow accessing morethan thefirst 200-400
matches per each query.

3.Link Analysisof Journals Web Sites

Vaughan & Thelwall (2003) considered
threereasonsfor, why journa Web sitescould
play acritica roleinscholarly communication:
"the increasing use of the Web as an
information source bothinside and outside
academia; the centrality of journals in
disseminating scientific research; and the
astonishingincreaseinthenumber of journds
available through the Web in the last two
years, including both the new electronic
journalsandtraditiona print journalshaving
onlineversions'. Thus, itisnot surprising that
much of Webometrics studies has been
motivated by citation analysis, similar to
techniquesthat areappliedtocitationandysis
of journals.

Smith (1999) isoneof thefirst researchers
used citation analysis techniques to 22
Australasian refereed e-journals. He used
AltaVistafor link counting. Results showed
no significant relaionship betweeninlinksand
ISI Impact Factors. He concluded that links
toe-journdsaredifferent to citationsbecause
theformer target thewholejournal whereas
thelatter target individud articles. Thefactors
not taken into account in Smith’sstudy were
the inlink counting of articles (instead of
journas) and using qualitative methods (link
creation motivationstojournals).

Harter and Ford (2000) also studied on
39 scholarly e-journals not related to a
specific discipline. Links to journals and
articleswere compared with | S| dataset and
no significant correlation found between link
and | Sl impact factors. Authorsclassified the
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link crestion motivation to about 300 sampled
inlinksto"e-articles' into 13 categories. This
wasoneof theearly important studiesusing
both quantitative and qualitative
methodologies to validate the data. But
selected journa swerenot related to aspecific
disciplineto generalizetheresultsat least to
onedisciplineor anong them. Moreover, link
counting limited to one URL per e-journa,
whileauthors mentioned therewere several
journdswithdifferent URL. While, dassifying
link creation motivationsto e-articlesishighly
asubjectiveissue, authorsdid not mentioned
anything about disagreement or agreement
rate on exploring mativations by different
dasdfiers

Vaughan and Hysen (2002) analyzed
journasof Library and Information Sciences
that wereindexed by thelSl. Thejournalsin
their study were not full-text e-journal s but
weretraditional journalswith independent
web sites. The study found a significant
correlation between the number of external
links and the journal impact factor for LIS
journals. Journa swith higher journal impact
factor scorestend to attract morelinkstotheir
Web sites. Thestudy dsoinvestigated issues
pertaining to data collection methods for
Webometrics research. It showed that the
choice of search engine for data collection
could affect the conclusion of a study. No
qualitative study was conducted to validate
the quantitative data (correlation between
inlinksand ISl to selected journals).

Vaughan and Thelwall (2003) studied on
88 Law and 38 Library and Information
SciencesS(LIS) journasindexedinISl. The
specific questions addressed in their study
were: whether site age and site content are
inducersof linksto ajournal’sWeb site .A
new methodology for datacollectionisalso
introduced that usesthe Internet Archivesto
obtain an earliest known creation datefor Web
sites. Theresults show that both siteageand
site content are significant factors for the

disciplinesstudied. Journalswithmoreonline
content tended to attract more links as did
older journasweb Stes. Anevidencewasaso
foundthat link countsfor LISjourna stended
to be higher relative to their Impact Factor
thanwasthecasein Law.

Vaughan and Shaw (2003) took adifferent
approach, comparing citations to journa
aticlesfromthel S’ sindex with citations(not
hyperlinks) to theminthegenera Web. They
used Googleto collect web citation data. All
papers published in 1997 in forty-six LIS
journaswereusedinthislarge-scaeexercise,
which showed predominantly significant
correlations, suggesting that onlineand offline
citation impact are in some way similar
phenomena. A classification of 854 web
citationsindicated that many "represented
intellectual impact, coming from other papers
posted on the Web (30%) or from class
readingslists(12%). Resultsof thisstudy can
be considered important, because they
manually checked and classifiedlink creation
moativationstojournals articles.

Kousha & Thelwall (2004) showed
that 49% of sourcesof web citationstargeting
282 research articles in 15 open access
scholarly LISjournad swerefrom 2000-2001.
The study showed the impact of LIS e
journasinreceiving themgjority of citations
within about oneyear after their publication
ontheweb.

One question which was not covered in
most Webometrics studies is the
characteristics of sources of web citation
equivalent to formal citation. Kousha &
Thewall extract macroscopicinformationfrom
sources of web citationsand showed that the
majority of web citationsto openaccessLIS
journalswerein PDFformat (49.3%) andin
English Language (81.5%). The study also
showed that, 88.4% of web citationswerefrom
the full text documents and about 60% of
citations to LIS ejournas were in the text
format embeddedinthebody of citing sources.



Although, most of the Webometricsstudies
applied quantitative methods (correlation
studies) andrelatively littleresearch directly
explored motivationsof link creation, Kim's
(2000) study focused on motivations for
hyperlinkinginscholarly dectronicarticles. 15
authorswere selected for interview and 180
outlinksine-articlesweremanualy examined
for cross-checking of expressed motivations.
Infact, thiswasanother approachto explore
motivationsfor creating hyperlinksfrome-
articlesto other internet sources. 19 different
hyperlinking motivations classified into the
threemotivationa groups—scholarly, socid,
and technological. He conclude that in
scholarly eectronicenvironmentsscholarsuse
hyperlinksfor avariety of scholarly and non-
scholarly purposes, and that hyperlinkingis
multidimensiond behavior involving different
levelsof motivations. Thesmall ssmpleof e-
articles in this study should be taken into
account for generdizing theresults.

Using CiteSeer, Goodrum, et al. (2001)
andyzedditation patternsinonlinePogScriptand
PDFformatted computer sciencepepers finding
significant differences when compared to
comparable citation figures from the 1S, In
particular, conference papers were more
frequently cited online, accounting for 15% of
dtationsfromthissource, but only 3%of atations
werefrom|Sl computer sciencepapers.

Lawrence (2001) investigated online
computer scienceresearch, finding papersthat
were publicly available online to be more
frequently cited (inthel Sl index) than those
that were not. It seems likely that placing
published articlesfregly online can generate
moreinterest and facilitate easy accessfor
other scholars, athough the converse is
probably asotrue: scholarsmay publishtheir
most popular articlesonline.  Harnad and
Car (2000) have shown how citationscan be
turnedintolinksandthereaed eprint archive
initiativehasbuiltin many logfilebased tools
for analyzing usage patterns.

We can conclude that most of the recent
researches on journals were limited to one
discipline(library andinformation science) as
well asjournalswhichwereindexedin S|
database (most of them are not electronic-
only journals), Vaughan and Hysen (2002);
Vaughan and Thelwall (2003); Vaughanand
Shaw (2003). Other previous studieson e-
journalsdid not cover onespecific discipline.
So, itisdifficult to generalizetheresults of
themtodl disciplines, Smith (1999); Harter
and Ford (2000); Kim (2000). Reviewing the
results of theabove researchindicatesthat
whilein 1999-2000 no significant correlaion
wereclaimed betweeninlinksto journalsweb
sitesor e-articles, morerecent studies have
found significant relationships. It seemsthat
more current researches, especially on
refereed electronic only journasin different
disciplinescan providemorecritica evidences
on relationship between web link and
scholarly communicetion.

4. Link Studies on National Academic
Web Spaces

Nationa universities web spaceshavebeen
center of attention in the most current link
anaysisresearch. Similar tolink analysisof
journds, early studieson university web sites
triedto show that if link count could correlate
withresearch measures. Thiswasareasonable
attempt to validate links as an important
source of information for scholarly
communication.

Ingwersen (1998) inhishighly cited article
proposed anew measurement for cal culating
theonlineimpact of areasof theWeb, induding
university web sites. Web Impact Factor
(WIF) was considered to determine the
averageonlineimpact of aweb site. Thiswas
proposed by counting the inlinking pages
divided by thenumber of pagesinsidetheweb
space. Thestudy analysesasdection of seven
small and mediumscaenationd andfour large
web domainsaswell assix ingtitutional web
sitesover aseries of snapshotstaken of the
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Web during a month. The WIF was later
modifiedfor universtiesby dividinginlinksto
full-timeacademic membersof gaff (Thelwal,
2001c).

Until 2000, no correlation was found
between links and research measuresinthe
academicweb space (Smith, 1999; Thelwall,
2000). But, results of several recent
quantitetiveresearch Sudiesindicatethat there
isarelationship between linksto university
web sitesand their national rankingsor other
research productivitiesin different national
academic web spaces, including UK
(Thelwall, 2001b); Australia (Smith &
Thelwall, 2002); mainland China (Tang &
Thelwall, 2002); Taiwan (Thelwall & Tang,
2003); Iran (Kousha & Horri, 2004) and
Canada (Vaughan & Thelwall, in press).
Other studiesshow that thereisan even more
significant correlation between research-
orientedinlinksand research productivitiesin
an academic web spaces (Thelwall, 2001b;
Thelwal & Harries, 2003). However, no
implicit causative connections have been
clamed for therdationship betweenweblinks
andresearchintheabove studies.

Thelwall’s (2001b) study was the first
researchwhich found significant correl atation
between counts of links to on 25 UK
universities and their average research
productivity. In the Smith and Thelwall’s
(2001) study second evidence of relationship
wasfound in the Australian academic web
spaces. In this research, the number of
academic staff wereintroduced to represent
theszeof universties, replacing Ingwersen's
method for calculating WIF (Web pagesin
the domain asthe denominator).

Thelwal & Harries(2003) consider three
interconnected issuesrelated to the validity
and interpretation of the quantitative results
of link analysis studies in academic web
spaces: categorization (What kind of pages
arelinked to?); mativation (Why do scholars
link tothese pagesat other universities?); and

host university researchrelationships(whatis
the cause of the relationship between the
research conducted at a university and the
propensity of othersto link to its pages?)
Exploringlink creation motivations, discussed
in some related research, would be next
important step to provide some vaidity to
previousquantitativelink analysisstudieson
the web (Thelwall, 2003; Wilkinson et al,
2003). The exact recognition of link
motivations by authors of web sites is a
subjectiveissue. Therefore, in some cases,
thereareanumber of limitationsin extracting
and identifying real author motivationsfor
creating links, eventhrough the application of
qualitative methods. Similar subjective
problems can be viewed in other research
aressof information sciencesuch astreditiona
citation andysis(for exampleclassifying the
moativaionsfor citationstojournd articles) and
the concept of relevance in information
retrievd (retrieving relevant documentsbased
onusers information needs).
5. Link Creation Motivation Studies:

QualitativeApproach

The key questions raised in some of the
related studies are as follows. What isthe
cause of the correlation between theinlinks
and research within an academic web space?
Are inlinks or even academic inlinks to
universitiesweb Stesrepresentativesof formal
scholarly communications or are there
possibilitiesfor randomly link creation or for
informal scholarly activities? Consequently, it
seems necessary to explore reasonsfor the
significant correlationsfound between links
and research. One approach to answer such
guestions is to use qualitative methods to
interpret theresultsof the previousquantitative
research

Thelwdl & Harries(2003) consider three
interconnected issuesrelated to the validity
and interpretation of the quantitative results
of link andyssstudies, especialy inacademic
web spaces. categorization (What kind of



pages are linked to?); motivation (Why do
scholars link to these pages at other
universities?); and host university research
relationships (what is the cause of the
rel ationship between the research conducted
at auniversity and the propensity of othersto
link to its pages?) Exploring link creation
motivations, discussed in some related
researches, would be next important step to
providesomevadlidity to previousquantitative
link analysis studiesontheweb (Thelwall,
2003; Wilkinson et al, 2003). The exact
recognition of link motivations by authors of
web sitesisasubjectiveissue. Therefore, in
some cases, thereareanumber of limitations
in extracting and identifying real author
motivationsfor creating links, even through
theagpplication of qualitativemethods. Similar
subjective problems can be viewed in other
research areasof information sciencesuch as
traditional citation analysis (for example
classifying the motivationsfor citationsto
journal articles) and the concept of relevance
ininformationretrieval (retrieving relevant
documents based on users’ information
needs). Thus, itisnot surprising that theresults
of the key study illustrate the difficulty in
dassfyinglink cregtion mativationswithinthe
UK academic web space (Wilkinson et a,
2003).

Wilkinson et al. (2003) took a random
collectionof 414 linksfromac.uk domainand
classified them based upon theresearchers
assessments. Theinter-classifier agreement
was found to be problematic, because of
multiple potential motivations. Theresults
showed that themgjority of links (over 90%)
were created for broadly scholarly reasons
by researchersor sudentsand only twowere
equivalent to journal citations. It was
concluded that academicweblink metricswill
be dominated by arange of informal typesof
scholarly communication. Fromthe414links
the researchers disagreed on the
categorization for 120 (29%) sincetherewas

aclear overlap between certain categories,
for example between student-related and
research-related web links. It concluded that
web linksbetween UK universities(excluding
e-journals) arevery different fromcitations,
but they can be seen asnatural by-products
of scholarly activities. Wilkinson’s
classfication schemeconsigsof 10 categories
related to reasonsfor link creationincluding,
student learning material, information for
students, research support and resources,
research partners, recreationd, page creators
or sponsors, research references, tourist
information, libraries and e-journals, and
Smilar departments.

Thelwall (2003) took a sample of 100
randominter-gtelinksto UK university home
pages for a qualitative exploration. The
investigation methodol ogy wasaninductive
content analysis based on one person's
interpretation of thelink motivation, without
cross-checking by additiond classfiers Initia
classification scheme was drawn up based
upon observationsfrom previousweb page
analysis experiments that used similar
approach. Four new types of common link
motivations, which were uniqueto theweb
werepogtulatedinduding, generd navigetiona
links; ownership links; socia links; and
gratuitouslinks.

Kousha & Horri, (2004) showed that
inlinks from the .edu domain to 34 Iranian
university web sitescorrelatestrongly witha
measure of their national research
productivity. A survey of 440vaidlinksfrom
the .edu domain indicated no links were
created for formal scholarly reasons,
equivaenttojournal citations. Only 27% of
links were created for informal scholarly
communication reasons. Themgjority of the
inlinks, 63%, were created for gratuitous or
navigational reasons and about 10% were
related to non-academic motivations. It is
concluded that motivationsfor link creation
tothelranian national academic systemare
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probably influenced mainly by sociologica
issues.

Kousha& Thelwall (2004) study on 282
e-aticlespublishedin 2000in 15 open access
LIS journals showed that they have been
targeted by 3045 users. Theresultsindicated
that 43 percent of linkswererelated toformal
scholarly communications equivalent to
citation. 18 percent of linkswererelated to
informal scholarly reasons. 33%of linkswere
created for navigational purposes and 6.2
percent for other unclear reasons. The most
web citationsto e-articleswererespectively
related tojournalsand online papers (20%);
conference and workshops papers (9.9%);
research and projects reports (6.9%);
conference presentation (presentation fil€)
(2.4%); online books and book chapters
(2.4%); and thesisand dissertations (1.5%).

6. Conclusion

Although, since 1996 much research has
been doneonlink analysisof web sites, itis
not quiet clear whether web links can be
related to formal scholarly measures. Infact,
many researches used quantitative methods
to study correlation betweenweb linksasan
online variable and other offline or online
research measures. While, such correlation
studiesare very important, no cause-effect
conclusionscan be obtained from them. The
main questionisthat whether itispossibleto
extract some kind of formal scholarly
communicationfromtheweblinks, equivaent
to traditional citation? It seems that
Webometricsresearch areaistoo youngto
answer thisfundamental question, but based
upon thelink creation motivation findings
(discussed beforeinthisarticle), we can say
that there are severa evidences that link
countsmeasurearerelated tothewiderange
of typesof informa scholarly reasons.

It seemsthat future Webometrics studies
seek for reasons and motivations for link
creation. The key qualitative research
questionsare: Which proportion of inlinks

(externd links) toweb sites(such as, journds
or universities) isrelated toformd / informal
scholarly reasons (link creation motivation
study)?What are the characteristics of those
sources of web links equivalent to citation
(extraction of macroscopicinformation from
sources of web citations)? |s there any
disciplinary differences? Which tools and
methods are appropriate for Webometrics
Sudy inorder to extract somekind of scholarly
information from web links? Such critical
guestions can only be answered through
gpplication of qualitativemethodol ogies. But,
it seemsthat using such methods havetheir
own limitations. For example, link creation
motivation isasubjectiveissueand various
judgments can be extracted from reasonsfor
creating links, smilar to concept of relevance
ininformationretrieval.

It seems that another challenge of
Webometricsisusing statistical methodson
theweb environment. Search enginesdon’t
index al the web spaces. Thus, it is nearly
impossibleto accessthe unbiased coverage of
thewebfor setidtica tests. For example, serch
engines can not index the "invisible Web",
(hidden content on the web which could not
be crawled by search engines). Another
datidtica problemisrdaedtosamplingtheweb
spacesand linksto them. In other words, the
sampling of web pagesand linksmust be as
random aspossible. But thisisnot easy task,
becausein most caseswearefacing with huge
amount of sample web sites. In fact, the
quantitative part of web isconstantly growing
andthismakethesampling of web moredifficut.
Another question is related to human
interpretationof link creation motivations. How
many people(researchers, classifiersand etc)
areinvolvedintheprocessof classfication of
link cregtions?Which dassfication schemewill
be used for classifying reasons for link
creations? Such questionsshow thechallenges
for using statistical methodsin \Webometrics
Sudies.



Search facilities of commercial search
enginesarecongtantly changingandthiscould
be considered as a main obstacle for
Webometricsstudies. For ingtance, AltaVista
and Allthewebinlink search methodsdon’t
work anymore. Infact, Webometricsresearch
areasuffersfromlack of theappropriateand
stablemeasuringtools. It seemsthat thefuture
challengesof Webometricsnot only isrelated
to quantitative methods (such assampling the
web pagesand weblinks) and measuringtools
(search enginesfor datacollection), but also
toquditativemethods (such asinterpretation
of weblinksand classfication of link creation
motivations). Although Webometricsistill a
young researchfield, itisemerging groundfor
quantitative and qualitative researches in
library and information science.
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