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ABSTRACT

Bbliometric analyses enable the measurement of scientific
Inform ation and allow an evaluation of scientific productivity and
efficiency within certain lmis. On the other hand an ongoing
nterest n w ebom etric analysis can be cbserved. Till now these
two parts of mfom etrics research areas are sepamted In their
nterpretation. T this paperw e w ill sum m arize our experiences n
tem s of providing a holistc view on both bibliometric and
w ebom etric studies w ith the help of TopidV aps based ontologies.
W e will explain the problem s dealing w ith the visualization of
quantitative agpects of TopidM aps wih the help of a special
fram ew ork. Finally we will give an outlook on the potential of
ontologies providing an expanded view on the exam ned context.
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1. NTRODUCTION

The broad range of research areas, the subjects of mterests or
generally speaking, the facets of infomm etrics have been discussed
n several publications [5, 18, 19, 27]. A comm on understanding
was found In the manner how the research has t be done
(“quantitative aspects” [19] “comprising all -metrics studies” [5] or
“quantitative studies of...” [18]) and for the subjcts of hterests,
which where simmed up by Stock [18] in the categores
nformation user & usage, fomation iself and nfomm ation
system s. These several pigeonholes are used to descrbe the
several disciplines of nform etrics. So, bibliom etrics encom passes
the measurement of quantitative “properties of documents, and of
document related processes” [B] lke ciation analysis, co-
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word frequency-analysis or sim ple counting of publication related
properties (eg. num ber of publication per author; -per nstition;
num berof (self-)ciations; num ber of authors R0]). kyields atthe
macmw-level eg., a whole country) atbest general assessm ents of
fields as a whole, for instance, how a country’s performance in
physics, m ediche or Inmunology is 4]. On the meso-level it
breaks down to the research groups, to facultes, chairs orprojects.
This trend tow ards disaggregation is not yet com pleted. But the
exam Ination of research groups and chairs is es@blished as a well
accepted evaluation unit. And on the micro level bibliom etric
studies can provide infom ation on productvity of ndividuals t©
assist the process of personnel selection In a quite objctive way
(for example t© support tenure-tack decisions) or t support
managers In the assessment of the research performance of
ndividual scientists (4, 25]. On this level we have the largest
number of Indicators for providing mfomation for science
productivity orelated areas.

On the other hand we can observe an ongolng mterest i
w ebom etric studies, as the study of the quantitative aspects of the
construction and use of nfom ation resources, stmctures and
technologies on the W eb draw Ing on bibliom etric and infom etric
approaches [2,21].

The expression pow er and the num ber of ndicators and also the
areas of observation can be seen contrary to the bibliom etric levels
of cbeervation. W ebom etric indicators [6] on the m icro level are
rather Jess used than on the macro Jevel, because of the lack of
terpretation and the m lnornum berof tools, w hich are supporting
micro level analysis. So we can find a larger num ber of m acro
level analyses, lke university rankings [7, 12, 17], com panies or
departm ent com parisons [1, 15] than m eso-orm icro level suidies.
Hence, bblometric and webometric stidies ar actually
perform ed isolated

M ain objective of this paper is to describe a fram ework for the
visualizaton of the federated mesults of bibliometric and
w ebom etric studies, which are considering the same context t©
provide a solution fora holistic view on the cbserved area w ith the
help of TopidM aps based ontologies. The mfom etrics context of
our research is described In chapter 2. W e summarize our
experiences n designing a workflow in chapter 3- sarting from a
raw setofbibliom etric and w ebom etric data and finishing w ith the
cbctorented stucture for the visualization framework. W e
explain the problem s dealing w ith the visualization of quantiative
aspects of TopidM aps w ith the help of our fram ew ork in chapter4
and finally we give an outloock on the potential of ontologies
providing an expanded view on the exam Ined context.
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2. CONTEXT

W e have performed both, a meso-level study conceming the
publication behavior of mform ation managem ent chairs m the
Geman speaking world [11] and a webometric study wih the
cme audience and the same spheres of terest t gather
Inform ation about the extemal in pact, the visibility and popularity
of the observed research unit’s websites. We have determined as
the targets of our nvestigation the 40 top elevant research units,
which are dolng their core research I busiess infomm atics and
Tnform ation and know ledge m anagem ent n G erm any, A ustria and
Sw itzerland.

The tin e 1ange for the study was 6 years, from 2002 to 2007 and
we have chosen W eb of Science and Google Scholar as data
sources for our nvestigation. 1 our analysis we use as the
dom nant ranking factor the first order h-index () according t©
Prathap [14].The h; -index allow s us to r=gard the research unitas
a fvirual) author and therefore as a whole. But, the h; -index can
be high because the research unit has many researchers that are
highly cited, orbecause the research unithas justa few scientists
w ith a very high h-index [16].To consider this difference, we use
additonally the second order h-index () as the second ranking
factor [14].

The h2-index takes more Into account the distrbution of the
publication behavior in the research unit. Additionally we take
nto account the total num ber of citations of the publications of a
research unit n the observed field w ithin the cbserved tim e range
6] as an extent for the visibility or appreciation of a publication.
W e use the ciation mte as third criteria to fither distnguish the
research units w hich have equalh, - and h,-indizes. Finally we use
the publication mate as an Indicator for scientific activitdes. To
perform the analysis of the research units of infomm ation
m anagem ent In the Gemm an-gpeaking world we had to evaliate
approx. 640 publications and about1 500 ciationsw ith the help of
the SCIE and about 2400 publication wih approx. 22.000
citations using G oogle Scholar.

The target of the cbservation In the webom etrics area was the
sam e as mentioned In the bibliom etrics study - the 40 research
units n the field of nform ation m anagem ent. The tin e =nge was
not in portant. W e perform ed ourw ebom etric study betw een June
and O ctober 2009. Every acquisition of data was repeated five
tm es t© r=duce the failure due t© search engines dynam ic changes
of the data basis. W e used a modification of the well known
external Web Impact Factor (WIF), the “research” WIF, which is
computed by dividing the number of extemal Inlinks by the
number of (esearch-) smff [9] for the mnking of the research
unis. These daa (the results fiom the bibliometric- and the
w ebom etric study) serve as basis forthe ontology construction .

3. WORKFLOW

A Partl:Data M odeling

Based on our experiences In a digital library project [10, 22] we
sarted the ntegrmation process with modeling the know ledge
stucture of the domam. W e developed a data model, which
supports this transform ing process of the 1w dam o the
Topidl ap stucture on a detailed analysis of the know ledge
domain. W e have analyzed the data of the bibliom etric analysis
and generated an Entty Relationship M odel ERM ) w ih the help
of this data, to getan idea of the stucture and num ber of levant
topics, which w ill be lateron represented as individual topic nodes
Tn the TopicM ap and also of the rlationship betw een them .
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Figure 1.W orkflow description from Inform etrics data
to ontology visualization

This form al representation facilitates the autom ated generation of
a database file for an effective handling of this huge am ount of
data. On bagis of this ERM we have developed a transform ation
algorithm , which uses the BbTeX files of the bibliometric
analysis as sandard nput. & converts the BbTeX daa In a
database structure and perform s also a flat Iinguistic analysis using
the ttle of the article to extract the m ain keyw oxds of the paper
and store italso ; the database. To getan idea of the bibliom etric
data a sample cutout of the BTeX file of number one ranked
research unitis shown in Table 1.

Table1l.Sample cut-outofthe BbTeX data

Fachgebiet: Universitit K arlsihe —A TFB /Forschungsgruppe
W issensm anagem ent, Fachgebietsleiter: Prof.D r.RudiStuder —
D atenerthebung am : 2009-01-15 Z iationsindex: G oogle Scholar —

@ article{unikarlsmihe stsuvo 2002,

AUTHOR ={Studer, Rudiand Suw, Y ork and V olz, R aphael},
TITLE ={M anagig U ser Focused A ccess to D istrbuted K now ledge},
JDOURNAL = {Jumalof Universal Com puter Science JUCS)},
VOLUME = 8,

NUM BER =6,

YEAR = 2002,

PAGES = {662-672},

Cit=10,
Yot it= (3],
SelfCit=5,
AuthCnt= 3}

@ artdcle{unikarlsmhem ae®12002a,

-164 -



B W orkflow Part2:0ntolgy construction

The next step tow ards an ntegrated view is the constmiction of the
Topidl apstoased ontology . The first step w as already m ade w ith
the database creation. The second step is the transform ation of the
database representation n a valid X TM -file. A s Jow est comm on
denom Inatorw e use research unitaround w hich w e w ill create the
onlogy. Unforumately there is no sendardized fomat
convention forthe storage of w ebom etric results. So itis @ctually)
necessary to ntegrate the topics, which are com pleting the holistic
view from the webometric point of view, manually n the
Topidl ap. Figure 2 show s the mole of the ontology layer right in
betw een of the results of ocurbibliom etric and w ebom etric analysis
The ntegration cbjcts fiom bibliometric point of view are
research unitw ith its several attributes h, -index, h,-index, sum of
publications), person foublication mte, ciation mte, h-index) and
paper (ciation, self-ciations, number of authors, year). From
w ebom etric point of view our ontology ntegmates the several
variations of the W eb InpactFactor W IF, ).

Macro Level

Meso Leve| (=) bm) (w) (=,
-

Research PR
- R "
Unit \ cz::u
b d - Iniddesx
| Y hoindex
TR -canyMicradevel
' Ontology
| @ & .G inbetween
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Figure 2.0 ntology In betw een layer

Ourontlogy is based on the data m odelw hich w as derived from
the bibliom etric study and was finally inplemented as an XM L-
TopidM ap. TopidM aps is a sandard for the representation and
nterchange of know ledge, w ith an em phasis on the findability of
nformation [0, 13]. A TopidM ap represents nform ation using
the follow Ing temm s:

e Topics, mpresenting any oconcept, lke person, publication,
research unit, keyword and index;

e Associations, mpresenting mwlationships between topics lke
works for, published or description, @ssociations i
Topidl aps are undirected, 0 one can use Roles for the
detailed description of the behavior of a Topic within an
association) ;

e O ccurrences representing inform ation resources relevant o a
partcular topic, eg. h-index w ith the scope of 16 fora given
authororW IF of 33 48 fora research unit (see Table 2).

A sone can see, w e have m odeled the research unitas a topic w ith
a base name string “University of Karlsruhe®. This topic has
several wlationships to other topics, and a number of special
characteristics conceming the ooncrete bibliometric and
webom etric data. To make the later on mentioned problem of
visualization a bit easier to solve, we had do find a flexible
solution for the modeling of quanttative aspect wihin the

ontwlogy. The sample in Tabl 2 illustates our solution. W e
m odeled every (ibliom etric/w ebom etric) attribute — value pairas
new , separate occunences. The attributes are defined as scope (see
Table 2, e.g. “h-index”, “wif”) and its resourceD ata (see Tablke 2,
e.g. “16”, “33.48”) as the current value.

Table2.Sam ple cut-outof theXM L -TopidM ap

<topic id ="researchunit2">
<instanceOf>
<topicRef link:href="#researchunit"/>
</instanceOf>
<baseName>

<baseNameString>University of
Karlsruhe </baseNameString>

</baseName>
<occurrence>

<resourceRef xlink:href=
"http://www.uni-karlsruhe.de/"/>

</occurrence>
<occurrence>

<scope><topicRef xlink:href="#indexh-
index"/></scope>

<resourceData>16</resourceData>
</occurrence>
<occurrence>

<scope><topicRef
x1link:href="#indexwif"/></scope>

<resourceData>33.48</resourceData>
</occurrence>

</topic>

C W oxkflow Part3:Visualization

A challenging task is to provide an mtuidve, easy to use and
flexible access to the m odeled know ledge of the domain [10, 23].
A graphical visualization of the rlevant concepts, their r=lations
and the am ountof conegponding subject relevant resources can be
a helpfiil supplem ent for the illustration of the com plex =lations
w ithin such a holistic view .

To find a solution we have analyzed several visualization tools n
the — In our case overlapping — domams of infom etrics and
TopidM aps. So, we have analyzed the usability and fimctionality
of the follow Ing tools:

¢ two wellknown bibliom etric visualization twols H istC is' and
C iteSpace’) and of
o three TopidM aps visualizer O ntopiasOmnigator’, TM Nav* and
our first approach in visualization TM chartis 23]
e and a special solution forvisualizing quantitative data
{TouchG raph®).

" http :/fvww histeite com

? hitp /clusters cis drexel edu fchen ciespace/
® hitp ;/Avww ontopia netfom nigator

* http +//m 4j01g/fm nav him 1

> http :/fouchgraph com
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M amn ain of this analysis w as to get inspirations and ideas foran
Im proved visualization fram ew ork . The results of this analysis can
be sum m arized as follow s:

e A TopilM ap containing semantic nformation, tend t© be
com plex and extensive. To support navigation, hterpretation
and retreval it is obviously not very helpfiil to visualize it
completely [23].

e A common solution is a subject centered approach, w hereby for
a selected node all associated concepts are displayed In an
autom ated generated graph. But nstead of an automated
generated visualization, m ultple problem oriented view s are
needed, which focuses on the mdividual requirem ents of the
user and the specific problem oriented tasks mther than a
generic visualization of the sem antic lmform ation .

e This approach can help to simplify the nterpretation and
prevent the user to be overw heln ed by the huge am ount of
other sam antic nfom ation. To create such problem -oriented
view s a hum an Interaction is meviable. Such an ntelligent
design appmwach chifts the focus from the automated
generation t the design pmcess where manually
visualization hformation ar added, eg. selecting of
Im portant nodes, specification of the node anangem ents as
w ell as the highlighting of in portantaspects.

But the great lack of this approach, and every other TopidM aps-
based approach we have analyzed was the absence of any ability
for representing quantitative inform ation. Thism ightbe due to the
concentration on the visualization of sem antic relationships and
the focus on tree-, netw ork - or graph -oriented -illustations.

The analysis of the bibliometric tools showed us several
possibilities for the visualization of quantitative nfom ation. So
we found, that the size of the shape or the filling styles of the
grephical iems ar often used for the mpresentation of
quantitative infomm ation. M ormover, also the anangem ent of the
topics can be used for a better nterpremton of complex
nform ation rlationship. &k would be helpfill t© store problem -
orented view s to supportvisualization creation process.

W ith these Intentions we have expanded our visualization
fram ew ork TM chartis 23].A sm entioned before itw as developed
in the context of the digital library project “DMG-Lib” . This new
framework tM E (opic M ap Edior) combies the ntelligent
design approach w ith the ability to illistrate quantitative agpects of
ontlogies. Here are some selected features of this enhanced
fram ew ork

o fiee choice of nodes-form  (ectangle, triangle, thom busete.),
e fiee choice of filling style (color, pattem, In age etc),

o fiee choice of lne style, dash pattem, size and opacity of a
node,

e fiee choice of Iine style and dash pattem of associations,

e optionally or pemanent digplay of mles and types of an
associations M ouseO ver),

e optionally display of lmform ation dealing w ith a specified topic
(B aselN am es, O ccunences),

e fiee choice of color scale and node size for topic quantiative
Indicators,

W ikipedia and G cogle nterface via brow ser forbetterkeyw ord -
orothersubjct illistration .

4., ARCHITECTURE

toM E is designed to create m ultbple problem oriented TopicdM aps
visualizations. Tt consists of two m ajor applications developed In
Java using TM 4J, H dbbemate and M ySQL. The first part of the
application refers t© the ontology Input: The ontology — which
shall be visualized — and which serves as a basis for the several
visualization pmjcts is lbaded wih the help of the
TM 4Fcomponents, which ar mefermring to the according
TopidM ap-elem ents

o TM 4INet > Topidv ap,

e TM 4NN ode > Topic,

e TM 4R elation > A ssociation
e TM 49 cunence 2> O ccurence.

W ith the help of H bemate’ as persistence provider the ontology is
stored In aM ySQ L -database. Forevery TopidM ap is one database
schema available. The second main part of the fiamework is
responsible for the creation of several problem oriented view s and
the rendering infom ation. It m anages the several one or many
possible view s forone ontology asm ySQ Li-database schem a. Such
aview is called TMVIEW . Ih every TM VIEW the rendering
nform ation of the ontology elem ents (Topics, A ssociations, and
O counrences) are stored as graph of nodes and edges. So, it is
possible to create m any problem oriented view s, depending on the
terpretation context. The visualization data are separated stored
from the TopicM ap data.

The various editorm odules are:

e style property manager w ith its stroking, filling, text editing,
shape edithg, inage editng, and style template editing
fimctionality;

e topic elementmanagerw ith its topic and edge editorand the

e transform toolmanager w ith the ttansfom er, line editor, shape
layout creatorand aligner, and the

® roottolsw ith selector, zoom er, and positioned fimctionality .

This finctionality is com pleted w ith the above explained features
for handling of quantitative data. W e have added a node scaling
o], a clustering tool and a legend manager which is able
explain the range of values In more detail. Figure 4 illustates a
part of the TopiM ap wih the three research units Karsmhe,
Frankfurt and K lagenfurt), authors, a sam ple of their publications
and the conresponding bibliom etric and w ebom etric ndicators.

6 TopidM aps for Java (TM 4J) is a Java lbmary for processing
TopidM aps. TM 4J is open source under Apache Foundation
Ticense. The goalof the TM 4J project is to develop robust tools for
creating, m anijpulating and publishing TopidM aps. Tk ncludes a
parser, data m odel, In-m em ory and persistent storage m echanian s,
and a query engine http:/im4jom).

’ H bemate is a solution for objct wlational mapping and a

persistEnce m anagem ent solution. H bbemate m aps Java classes to
the database @bles. Tk also provides the data query and retreval
facilites. Tt is an open source proectand also a critical com ponent
of the JBoss Enterprisee M ddleware System (JEM S)
htp /v ww hibemate org).
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5. SUMMARY AND FUTURE W ORKS

This paper could be seen as the begimihg of a johed
Interpretation of bibliom etric and w ebom etric studies. Trallow s us
the ntegration of these — in past ssparated — nfom etrics fields
Tnto a holistic view w ith the help of Topid aps based ontologies.
But till a professional usage of our visualizing fram ew ork a lotof
work has to be done to get itout from  the prototype state.

A) We had to optinize the workflow, which works on the
bibliom etric side — with the B ibtex2X TM -conversion — In a
good, autom ated w ay . The ntegration of the w ebom etric data
n o the TopidV ap is actually only possible by hand, which is
Thacceptable for largerontologies.

B) The handling of larger data sets — especially the generation of
the XTM file — is a very tine consum Ing process. For a
professional usage it is necessary to improve the mntime
behavior.

C) Because of the amount of possibilities for the design and
com position of the layout it is necessary to support the user
via templtes which are derived fiom both fiom the
perceptionalpointofview and from the nfom etrics area.

Figure 4.toM E visualizer sam ple w ith explanation

Figure 5 shows a possble use case as an example of the
capabilities of our approach. One can ntegmate every topic which
is sem antically related to one orm ore topics w ithin the TopidM ap.
Th ourexam ple w e propose additional

o Alexa Traffic Rank®- data forthe university, w here the research
unitis a partof,

e the friend of a friend — dam to ilustate the collaboration
behavior in m ore detail for the m em bers of the research unit,
and

aW ordnet’ Mterface to getan explanation and a context definition
of papers keyw oxds.

A's mentioned before every semantic rlated topic can be used
w ith the help of our fram ew ork to enhance the Iterpretation renge
of bibliom etric and/br webom etric studies t© put the results of
these studies n a bwader hterpretation context and t© see the
biggerpicture.

® http ;/Avww alexa.com /
° http ;/Av ordnetprinceton edu/

Ontology
In between
Layer

(ww.‘I '.::NIF;] (we;) (wor, )

“ —_‘E\ o
( Research

' Im ords

~, bhas
Description

Figure 5. Integration potentialof the
Topidl apsbased ontology
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