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Abstract. Social network analysis is a suhdiscipline of the social sci-
ences using graph-thcan~tic concepts to underst.and and cxplain sucial
struct.urc. We describe trlP ruai n iss1H~sin social network analysis. Ccner al
principies are laid 0111, Ior visualizing networ k data in a way t.hat conveys
str uctural inforrnation relevant to spccific rcsearch quest.ions, Hascd OIl
Lhcsc inuovat.ive graph drawing t.echniques integrat.ing the analysis and
visualizat.ion of social networks are introduced.

1 Introduction

Sociol Nct uorl: Aiiolusis ís a subdisciplin« of the social sciouces llsíng graplt-
t heoret ic conccpts ro describe. underst and and explain. so met.imes evvn prcdict
or cksigll, social struct.ure. It is focused OIl uncovcr ing the patt.erning of pooplcs
interact.ion ;1.11d bascd on t.he intuit ive not.ion t hat these pattcr ns are irnpor taut
f('¡!tllres of the Iivos of tlle iudividuals who display t.hcm. Startillg frorn social
scicnces t he st u.ly of social nc-tworks became an interrlisciplinary field. 011 oue
luuul, it is gllídl'd by formal thcory orgnnizod in mathematical terrns. on the other
hand groundcd in t hr- svst.cnrat.ic analysis of crnpirical data. Network analvsis
h.is found im port.aut. appli('atíolls in organiz at.ionul bohuvior, iutcr-organiz.u.ioual
rulat.ious, t.he sprcad of cont ag iou« diseases, mental hc.ilth, social supporr, t.he
di ífusion of informat.ion and animal social orgallization.

Si neo the 19~()s, a ycarly international conferenco on social uetwor k Clllitlysi:i,

call1;d S UN BECT is orguuized by the Iiitcrnatiouol Nct.inotk lo!' S'OÓII.L Nctuiarl:
A uulusis, liYSNA [[l. A cornprchensive, though non-visual, tool for soci,t! nct.work
analysi» is UCIN ET [2]. Por a rourprehcnsivc sunuuary of xocial network analysi».
it.s leveis of nnalvsis and íls nu-t.hoclological tools set' [24 j .

Also applicat ions such ¡¡S lile analysi» of Web graphs, hibliugraphíc data, or
IInancial data. oft en u:«: sí III ilar or ideutical ructhods 1iko in social networ k aual-
ysis. HpC(,lltly. r here is gruwillg inr.ercst to undcrstand t.ho sr r uct ure, dvn.uuics
uud ovolur.ion of the Inr.oruot and \V\V\Y. aud this wav soria] net.work an.i lvsis
hus IWCll rediscovered in ot.her fields. Especiall)' physicists in rhe cornplex svs-
('111S (·()l[lIilllllit.y are interested in r.he stat.ixt ital rucchanics of coiuplcx nctworks.
TIIt' ver:' gell('r;t! quostions in conrplex sysr.erns are ItO\V nr-r works ellll'rgt', w hut

• The aut hor gratefully ackuowlcdges financia] support Irom J)FC undcr gran!' \VA
(j5·1jI:3-1 anr] frorn Lile Europcan Corurnission wit hin FRT OpCII Projcct COSIN

,; (lST-2Ull 1-:¡:35fí:». @ visone logos by Chrrst iano Nostlinger and U Irik Hrandes.
¡
1:



262 Dorothea Wagncr

they look like, and how they cvolve. This includes networks frorn such diverso
arcas as physics, biology, cconomics, ccology, and cornputer scionce. Modcling
networks as dynamical systems, network morphogcnesis and sclf-organization,
as well as new graph theoretical aspects and network reconstruction from exper-
imental data are considercd, PL [4] and [.S]. It secms that becausc of this new
ernerging interest in networks at all graph theory and graph algoritbms attract
increasing attention from other sciences [IR], [El].

III 19~)(),we begall a cooperation with researchers Irorn political sciencc, aimcd
at providing tho methodology of social network analysis wit.h tailor-madc rncans
of autornatcd visualization. Given the importance of visualizations Ior scieutifir:
developrnent. it is a.stonishing how little attent.ion the subject had received so far
in the analysis of social networks. One of the raro exceptions is [21]. Even though
a fair arnount of software has been availablc to facilitate graphical editing, ami
even automat.ic layout of nctworks, t.he St.ate of the Art. that time seemcd ton
hcuristic to be satisfactory for supporting network aualysis.

One of the first outcomes of our int.erdisciplinary cooperat.ion was a survey of
visualization mot.hods in use at LIJat time [11]. In that papcr , gelleral prim.iplus
are laid out for visualiz.ing network data in a way that (;OflVCyS structur al infor-
matiou relevaut Lo specific rescarch questions. Those general principies rcsulted
in innovative uses of graph drawing methods for social network visualizatiou,
and prototypical implcmontutions thereof. Wit.h the growing dernand for access
to these rnethods, we st.arted implcment.iug an intcgratcd 1.001 for public use, thc
tool visone [15J. 'lhe main application arca of visone is a methodological approach
in t hc social SCiCllCCS.Its usage is focuscd 011 graphs of SllHí.1Ito mcdium size. As
an alternativo espcciallv for l<í.l'gc graphs, "ve rccomruend to try Paje]: [8].

2 Social Networks

A social netuiotk consists of cntitics such as persons, orgauizatious, or things,
that are linked by binary relations such as social relations, dependencies, or ex-
change. These relations may be dirccterl or undirected, weighted 01' unweight.ed,
and weights, if prescnt, rnay be interpreted as increasing or decrcasiug t.he tie be-
tween the two entities. Since data is often gathercd by ITIt'atIS of (!1lpstiollnaires,
not even the existence of a11 elige is a sure t.hing. 'I'hc two respondents corre-
sponding to t]¡c eud-vert.ices of a potential edge may han' difforcnt pcrceptions
regarding the presencc of a specific typc of tic between thern. It is a long-standing
debate whcthcr unconfirrncd edges should be included in au analysis. Typically,
researchers decide t.o cithcr trcat unconfirmed odges like confirmcd cdges, or to
exclude thern cornpletcly. A crucial fcatur« in many studics is the interrclation
botwcen thc str ucture of a social network and the att.ributcs of its derncnts.

We define a social netuiork to be a labeled directcd graph G = (V, E =
Ec U En: (~,w). w hcre Ec and Eu are elisjoint sets of coniirmed aud uncnnfirrned
edges, Ó : E -+ IR20 is a non-negativo edge leiiqtli, ami vJ : E ~ rr{,~oa non-
ncgative edge strenqili. A vert.ex or edge atiriiniie is a (p<Jl't.ial) [unot.iou assigning
nominal 01' nuuiericol values to vcrt.ices or edges.
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Although V,,'C cannot put any restrictions Oll thc clnss of graphs, t.ypical ex-
arnples from social science projects are sparse. locallv dense, and exhibit a small
average distance bctween pairs of vert.icos.

3 Analysis

Thr- purposo of social rictuunk o.nalys'Í,;; is to i.lent.ify import.ant. vert.ices, cr ucial
rolar.ionships, sllhgrollps, roles, ner.work charact.erist.ics, aud so 011, tu answer
subst.ant.ive qucstious ahout xt ructures. Tlu.rc are r.hree rnain levels of iutcrest:
t.lu: clornent. group. and network levcl On the clernont levcl, olle is interested
in proport.ies (both absolut.e ami relativr-) of sillgle actors, links, or incldonccs.
Examples for t.his t.ype of anulysi» are bott lcneck identificat.ion and structural
r.inking of network itcrns. On the group levcl, OIlC is interestcd in classifyiug
th« elcmcnts of a notwork ami properties of suhnetwor ks. Exaruples are actor
eq ui valence classcs and cluster identifica t.ion. Finally, al! t.he network level, onc
is intcrested in proporr.ics 01" r.hc ovcrall network such as conncctivity or balance.

\Vhile wc have au int.uit.ivo undcrst.anding what makes a vert.-x imporr.ant al'
cent.rul, thcro is 110 univorsally acceptcd deíinition of import.auco. Cr:ntraldy o/
u. verter tllar for cx.unple be measurerl according to t.he degrec of that vcrtcx ,
it.s dist.aucc Lo aU ot.her vcrticcs or the number of short.cst paths bct.wecn two
ot.hcr vertices that conr.ain the vcrr.cx itself. Similarly, there are different not.ious
of im port.anco or status in a dirccted gra ph. We rofer Lo [15] for an unification
aud overvicw of such indices. Similarlv, m.ithr-matical b'rllls t.hat capture to
what extend nct.works tend to huild clusters, likc r.ho ciusieruiq cocfficient, or
how networks evolvo. lil«: t.he dcqree distribuiion, are 01' interese [41. Quest.ious
rcgarding t.ho overa ll structure ask for examplc to what ext.end the network
cxhibits th« snuill-usorld phcnrmicnon. [25].

Algorithmic a...spccts in network analvsis concern thc fast computation of such
lndices. Vertex iudices are often easily computable in polynomial time. Howcver ,
more efficiont algorit.hms t.hat are applicable also for large graphs as the fast

algorithm for botwocnncss cent.ralit.y proscnted in ¡rl], are of incr easing intcrcst
in t.h is co nt.ext.,

4 Visualization

1ti y-raph dmwing algoritluns are designcd t.hat try to produce what is oftcn
t.ermcd an "aest hetic" visualization of a graph, In nciuiork analiisis the dcinand
th.it visualizat.ious are not mislcading is ruaybe even more irnporr.ant. Hcuce
thorc are two obvious cr itcr ia for the quality of social nctwor k visualizutions:

l. Is t.he inforrnat ion manifcst in the network rcprcsented accurately?
2. J s t.his iuforrnar.iou convoycd efficientlv?

¡
1 \\"ith t.hese crit.cria in mind. the following threc aspects should be carefully
iI t}¡ollght througlt when creat.illg uetwork visualizat.ious [11]:

1:.
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the substautiue aspect the viewcr is interested 1Il,

the design (i.e. thc mapping of data to graphical variables), and
the alqoritlnti ernployed t.o realizo the design (artifact.s, efficiency, etc.).

Depending on the context, actors of high structur al irnport.ance are inter-
pretcd as a bcing central or as having h:igh status. With this substantive aspect
in mind, we dcsigned visualizations t.hat. represent vertcx índices by constrain-
ing vertex positions to fixed distances from t.he center or from the bottorn uf
thc drawing, in either case depending linearly on the vertex index. Thcsc ideas
havc bcen further developed and applied in the following projects. \Ve also rcícr
to [15] for a more dct.ailed descr iption and figures illustrating the results.

Drug Policy. This project [20] studies thc presence 01' HIV-preventive rneasures
for IV-drug users in nine selected Ccrrnan municipalities. Thc substantive ques-
tion undorlying t.his research is, why municipalities with comparable problem
pressure differ significantly in thc provision of Hl v-prevenr.ive mcasures such as
methadone subst.itution or necdlc exchange. The policy net.works undcr scrutinv
cornprise all local organizations directly or indirectly involvod in the provisión
of such rueasures. 'I'he actors includcd in the study wcrc quericd about rclations
such as stratcgic collabor ation, comrnon activitics, or informal cornruunication
with other orgauizations in the sarne municipality. None of the networks has
more than 120 edgcs of the saine type, and typically more than 50% of them are
unconfirrned. In [12] a three-stage force-directed method for centrality layouts is
presented, and in [6] a simple, purcly cornbinatorial algorithrn is developed.

Industry Privatization. The second study [2;~]deals with networks of puhlic,
societal ami prívate organizations that developcd dur ing t.he privatization of in-
dustrial conglomeratcs in East Gcrmany as part of thc econornic transforruat.ion
after Cer man unification in 1990. Their privatization is understood as political
bargaining processes botwecn actors that are connectcd by ties such as exchange
of resources, comrnand, or consideration of interest. 'I'he privatization was fore-
seen to be carr ied out by the Treuhandanstalt, a public agency oí" the federal
govcrnment. Duc to its institutional position and its ownership of all cornpanies,
it was generally assurned to be one of the most powerful actors in the trans-
format.ion of East Cerrnany. As part of the analysis, status índices are used as
indicators for the power or influence of actors. In [14] a layered layout algorit.hm
is outlined that visually supports status analyses of networks. A refinement of
rhis algorithrn uses thc linear-time algorithm of [1J] for coordinate assignrnent.

Topie Identifieation. Our third example illustrates t.he use of met.hods from
social network analysis in anothcr dornain, namely topic identification in texts
by centering resoriance analysis [lf>]. The structure of texts is represented by
graphs that have a vortex for each word occurring in a noun phrase and an
cdge for each pair of words that appear together in t.hc sarne noun phrase or
consecut.ively in the sarne sentence. It is argucd t hat words C'OlTl'sponding to
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noc!l's wit h hig;h bctwecnness cent.rality in such a graph are import.urt Ior (11('

st.ructuro of t.ho tcxr and thus a proxy for its topir. This mor.hor] was applir-d
to Reutors news dcaling w it h r.hc t.errorist ar.t.acks of Soptcrnbor l L 2001 :-;-11(,

ident.ify, amorig othcr t hings. t hc main t.opics, topir ('Ililngt's. sido sr or i--s. de. 111

the news. Ccnr.ralitv visualizat ions can t.hr-n [)(' Ilsed tI) sbo\\' for exarupl« lllf'
main tapies identified for t.he verv first day of media covcrage.

5 visone

'I'he visone soft\\'arp [I.'i] is illlplf'IIWlllcd in G¡ f- IISill).!,LED.-\, t ho Lib nuu uf
1~'Jfic:tcnt Dru.a Ty¡Jf?s (Inri Alqorithru» [22]. \VI!i1c r.he usor int.orfaco is il CI\:-'-

r.omizcd verxion of LEDA's Cr aph Wiu class, (1,11gruph gVllnatioll, aua.lysis, i1l1d

layout algorithllls (n,:u'pt rol' LEDA's forn'-(Iircctcd layout routinc) h,WI' bl't'll
illlpl(,llwntpd from scrat.ch.

St.art.ing with version 1.1, t.ho main data format used in visone will I)t' t lit'

)(;\IL suLlallguage C;rap!J~rL (Craph .vlarkup Lallgllilge) llOj. CraphML su pport
is implementod in a LEDA extcnsion package which will be ruade availablc !(1I

publi« IISf'. lr will h('lIc(' he possibl« t.o adruinisr.er project filos wit h S(~vI'ri1.1 SOl idl
Iwl works am l a n v 1I11111ber of <lt t.ribut.os. Data ¡),I"(ri hutc-s can 1)(' mappocl 1'\"('1'1\-

UJ gmph ir-al at.t.r ibut.es Iil«- color, shape, and so OIl.
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