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Abstract: In this contribution Wikis are interpreted as social information spaces.
These information spaces can be decomposed in different networks. Here, one network

introduced — the collaboration network. This network type exemplifies how dynamics i
social information spaces can be analyzed. For this, different approaches of visualizin|
networks are explained. The chosen approach is applied in an descriptive study. Thi
open community project Wikiversity is examined to introduce one possible analysis i
SONIVIS:Tool — an open source network mining software.
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1 Emerging Sociability in the Web

During a conference brainstorming session, Tim O’Reilly and others have coinefl
the term ”Web 2.0”. They wanted to characterize new techniques and seq
vices in the World Wide Web (WWW) [O’Reilly 2005]. But soon, this terip
was also applicable to a changing behavior of WWW users. More and morg,
the Web becomes a mirror image of the real world. With the dissolving cy
ber world the real social identity of an individual is transferred to a virtugl
equivalent. Meanwhile, the term ”Social Web” is often used to describe this dq

velopment. Here, Social Software plays an important role. Various application
are counted among it. One of them are Wikis. A Wiki is a “freely expandab
collection of interlinked Web pages, a hypertext system for storing and mod
fying information a database, where each page is easily editable by any use
[Leuf and Cunningham 2001]. Wikis can be seen as social information spaces,
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which are formed by activities of authors and their content contributions. Exisf
ing dynamics in such information spaces are already investigated in terms of p
temporal analysis of the Wikigraph [Buriol et al. 2006] or spatiotemporal know]-
edge visualization [Klamma et al. 2007]. Here, an new approach is introduced.
This paper is organized as follows: first of all, a short introduction in the graph
theory is given to describe collaboration networks in Wikis. Then, different ap

proaches of visualizing dynamics in networks are explained. After an overviey
about the functionality of SONIVIS:Tool _an descriptive study is carried oud.
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Important developments in the Wikiversity project are illustrated and resul
of a time frame based network visualization are shown. This contribution closd
with some conclusions and remarks about future work.

1.1 Applying graph theory

In Wiki-based information spaces, three domains can be defined: persons, know
edge/information, and tasks. Different perspectives can be specified based o
these domains [Miiller and Meuthrath 2007]. Every perspective contains at lead
one network and this networks supplies the context of interpretation. All nef
works in these perspective are interdependent [Carley 2003]. Here, one networ
definition is introduced more precisely — the collaboration network. Collaboratio
networks describe collaboration of authors on Wiki-pages. For example, authg
Ay changes page Np at a particular time. After that another author As change
this page Ny at another time too. Therefore these two authors collaborate asyn
chronously. Collaboration networks can be formally described by applying grap
theory. A collaboration network G is an undirected graph. It consists of a sq
of authors (vertices) V4. An author A is connected to an author B, when bot
authors revised the same Wiki-page E¢. In addition the collaboration networ
is a weighted graph. Each edge has a specific weight based on the number d
collaborations Wgrgy of its connected authors. The combination of these thre
elements leads to the following description:

GCN(VA,EC,WREV)7 {A17A2} C V4 of two actors Ay, Ay with Ay # As.

The objective of analyzing collaboration networks is to investigate the natun
and extend of collaboration between persons in social information spaces.

2 Analysis of dynamics in collaboration networks

Basically, static and dynamic network visualization approaches can be different
ated. Static analysis deals with data which are accumulated over a specific tim|
period. The network is visualized in a specific time frame (cp. [Gloor et al. 2003
[Moody et al. 2005], [Trier et al. 2007]). This time frame is part of a major tim
interval. Single vertices and edges are visualized, when the time frame is locate
in the interval of activity. The dynamic perspective of network analysis deals wit
the progression of state changes over time and enables the observation of event
and its analysis. Dynamic network analysis allows for analyzing network states
vertices and their edges as well as changes in structure and configuration of th
network [Carley 2003]. There are two kinds of visualizing dynamics in network

— cumulative analysis and sliding-window based analysis [Moody et al. 2005].
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Their differ in the way of recording the network respective network parameters.
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Cumulative analysis includes the aggregation of all changes and elements in
network over a long time period. The recorded strip can be interpreted as
complete image of the network. The network is growing over the period of tim
until it reaches the current state of the original network. All events in the con
sidered interval are aggregated in one graph. The graph has an infinite memor
of all active vertices and edges in the past and grows up to its final size whic
is equal to the static network’s size at this time. In opposite to static networ
analysis, the network is investigated at different moments. Changes in the net
work structure are visible, but the sequence and existing interdependencies i
network processes are not identifiable [Moody et al. 2005]. It is not sufficient t
collect network information at different moments and then to subsume ther

[Doreian and Stokman 1997]. Events are not deterministic — they are stochastig.

If two or three measuring points are selected randomly, then no or only unimpot
tant events might occur. A evenly distribution of measuring points is possibl
but it is without any sense, if all events happen at the same time. Therefore, an
other approach is applied here — the sliding-window. In the sliding-window base
approach, a small period of time of the network or a sub-network is analyzed.
visualization of network data is carried out by a continuous time interval. Th
network is completely detached and based on single events. A sequence of theg
events can be evaluated based on time of occurrence and rhythm. Events can b
specific attributes or positional changes. The size of the time frame depends o
the number of occurred events. Only events in a specific time frame are aggrd
gated to a network. The main objective of such investigation is to identify th
impact of previous events on following events.

2.1 Analyzing information spaces using SONIVIS:Tool

Besides the specification of a visualization approach, a tool — SONIVIS:Tool — i
developed!. SONIVIS:Tool is a Java-based open source software, which is base
on Eclipse Rich Client Platform (RCP). Network visualization is implemente
using the Prefuse Visualization Toolkit and metric calculation is done by GNT

R, an open source software environment for statistical computing and graphics.

The SONIVIS:Tool graphical user interface is based on completely configurabl
workspace layouts. At the moment, three main perspectives are predefined: An
lysis (as standard perspective), Manipulation, and Statistics. The Analysis per
spective contains different views, which provide users a quick overview abou
certain developments in Wiki information spaces. The Manipulation perspectiv
allows for an enhanced visual manipulation of networks. There are three diffei
ent layout algorithms implemented: Kamada-Kawai [Kamada and Kawai 1989
Fruchterman-Reingold [Fruchterman and Reingold 1991] and Circle Layout. 4
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! For more information have a look at http://www.sonivis.org.
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visual filtering of the network is possible by minimal node degree and the minj

mal edge weight. Selected node metrics can be mapped on node size and coloy.

Additional functions, like the network clustering, are offered.

3 Dynamic network visualization of Wikiversity

Wikiversity [Wikimedia Foundation, Inc. 2003] is a project of the Wikimedi
Foundation. The objective of Wikiversity is "to further the discovery and dis
tribution of knowledge in a very natural way, by helping each other to learn.

27

[Wikimedia Foundation, Inc. 2003]. Important events of the German Wikiversity

project are summarized in table 1.

Date Event

2003-07 Idea of Wikiversity was published and discussed.

2005-02 First activities in the German Wikiversity.

2005-08 German Wikiversity went online.

2005-09-15 to 2005-11-01 |Official poll about the autonomy of Wikiversity as a projec
ended.

2006-08-04 JiIMBO WALES announced Wikiversity on the Wikimani
conference.

2006-08-15 Launch of beta phase of English Wikiversity (6 month duf
ration) was announced.

2006-08-24 Start of beta phase.

2006-08-25 Relaunch of the German Wikiversity.

Table 1: Important events of the Wikiversity project

In this explanatory scenario, the following question is answered: How do ped
ple work continuously in the Wikiversity project? Firstly, a copy of the databas

was download from the Wikimedia server [Wikimedia Foundation, Inc. 2008|.

The first revision in the database was made on 2005-02-21 and the last rev
sion 2008-02-05. In this period 70,929 revision where made and 29,322 links o
7,676 pages were created. The database size is about one gigabyte, whereas 13
are used by articles and 30% are used by discussion pages. 3,388 authors coul
be determined, whereof 1,212 are registered authors (35.8%). The Wikiversit
project is a Wikimedia project, the platform is based on the MediaWiki softwarg
which means that the data is stored in a MySQL database. In SONIVIS:Tod
DynamicCollaboration is used as network type, the analysis period starts g
2005-02-20 and ends at 2008-02-06. Fruchterman-Reingold algorithm is used 4
visualization algorithm. The analysis period is divided into 36 time frames wit
an overlap of 5% of the frame size. The parameters form the configuration for th|
measurement and visualization with SONIVIS:Tool. In earlier analysis a numbe
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of 36 was evaluated as a gnnd compromise bhetween number of events per tim
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Figure 1: Development of number of vertices and edges in the investigated periofl
(2005-02-21 to 2008-02-06)

=

frame and rate of changes over time [Moody et al. 2005]. The average size d
time frames is about one month. The overlap is used to avoid information los
at the time frame borders [Bender-deMoll and McFarland 2006].

Figure 1 shows the number of authors for every time frame. A visualize
author (vertex) denotes that an author created or edited at least one article i
the specific time frame. A strong increase of active authors can be recognize
at time frame 18 (marked by left orthogonal dashed line) after a long tim
of less or no increase (time frames 1 to 17). The number continuously risq
up from frame 19 until time frame 21 (marked by a second right orthogons
dashed line). After time frame 22 the number of authors stays on a high, bu

2}

nearly constant level. Figure 1 gives a first impression of the evolution of networ
structure. Three phases of network evolution are visible. Also from the networ
visualization using SONIVIS:Tool changes of the network structure and numb¢
of authors becomes visible. The kind of visualization improves the recognition d
changes in network topology. Figure 2 shows the visualization of time frame 17

[ = =i/ B o B = i =

18 and 19. Especially the high increase of node count and edge count betwee
time frames 18 and 19 suggests a transition in the network. It indicates a poinf
in the evolution of this information space. Comparing these measuring result
with information about the Wikiversity project (cp. table 1), we find a specifi|
event which might cause these changes. The announcement of JIMBO WALES o
Wikimania conference and the launch of the beta phase of Wikiversity in Augus

L+ = G ot P S

2006 have increased the popularity of the project. This assumption is supporte
by the activity measurement of the most active registered authors in figure 3.
All authors which are active in more then four time frames are shown in thi
visualization. These are 103 of all registered users. In phase 1, only ten of thermn

[92]
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edited or created articles. From phase 2 (after time frame 19) on the majorit
contributes content to Wikiversity.

o
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(a) Frame 17 (2006-06-14
to 2006-07-17):
9 nodes, 11 edges

(b) Frame 18 (2006-07-14 (c¢) Frame 19 (2006-08-13
to 2006-08-16): to 2006-09-15):
19 nodes, 17 edges 216 nodes, 3,207 edges
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(d) Frame 21 (2006-10-12 (e) Frame 22 (2006-11-11
to 2006-11-14): to 2006-12-14):
417 nodes, 7,782 edges 284 nodes, 3,589 edges

(f) Frame 23 (2006-12-11
to 2007-01-13):
247 nodes, 3,082 edges

Figure 2: Screenshots of time frames 17, 18, 19 (above) and 21, 22, 23 (below) froy
dynamic network visualization of German Wikiversity

A second phase transition is visible between time frame 21 and 22, wher
the count of authors decreases slightly, but from this moment on stays on a hig
level. Later, changes are still minimal and an established amount of author
continuously work on the platform. Figure 2 shows the network visualization
for time frames 21, 22 and 23, where the number of authors decreased from ove
400 (frame 21) to about 250 authors (frames 22 and 23). The comparison betwee
the average node count of the phases substantiates this result. The average coun
of authors in phase 1 is 12, in phase two 257, and in phase three 246. In th
beginning, the sliding-window based visualization of collaboration networks an
the measured data show only few active authors. After a strong increase d
active authors, the activity levels off at a continuous rate. Three developmen
phases could be identified. Each phase outlines differences in the amount an
intensity of authors work in the Wiki. Dynamic network visualization enables th
identification of phase transitions. Additionally, user activities and their behavig
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in the social information space can be examined
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Figure 3: Activity matrix of the authors which work in more than four timf
frames (columns 1 to 36 represent the time frames)

4 Conclusions and Future Work

The implementation of dynamic network visualization extends the range of ap
plications of SONIVIS:Tool. Using SONIVIS:Tool enables the investigation d
dynamics in Wiki-based collaboration networks. The presented work provide
a promising approach for analyzing network dynamics and network evolutio
of Wikis. It supports the identification and analysis of macroscopic changes d
networks, like shown on the German Wikiversity platform. Phases of networ
evolution become reproducible and understandable. The analysis relates the ex
ternal influence on the network to the resulting changes of structure and th
behavior of the network element (authors).
As a next step, microscopic analysis of collaboration networks should be im
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proved. Especially the influence of one author to another is an interesting ques
tion for further research. Dynamic visualization of the networks can be enrichefl
by calculating and visualizing network metrics (e.g. centrality measures) anfl
node metrics. In this way, more detailed information about reasons of network
changes and influences on network structure and evolution can be uncovered.
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