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Abstract-Social networks reflect communication, cooperation
and loose acquaintances in networked communities. Numerous
metrics allow to expose connections, important persons or clus­
ters within these communities. Furthermore, networks can be
spanned to connect documents, blog entries or wiki articles.
We call such a network an artefact network. In this paper we
introduce the approach of Artefact-Actor-Networks that tries
to connect social networks and artefact networks in order to
make claims on the semantical connections between persons and
manifold artefacts. We present practical use cases for Artefact­
Actor-Networks and discuss generic and specific semantical
requirements and added values through the existence of Artefact­
Actor-Networks.

I. INTRODUCTION

Computer mediated communication (CMC) has evolved to
an important factor of industry, science and research within
the last decades. As [1] puts it, we produce joint products
and achieve higher productivity by electronic collaboration
between distributed teams of humans, computer applications,
and/or autonomous robots. Todays communication and cooper­
ation is mainly web-based and relies on efficient technologies.
So-called social software has found its way in businesses and
connects persons within an organisation with experts outside.
Collaboration is more and more dependent on the fast and
reliable retrieval of these experts and relevant artefacts that
help solving a problem or task.

Social networks and their analysis have emerged as a key
technique in analysing groups of people working or living
together. Mitchell defines a social network as 'a specific set
of linkages among a defined set ofpersons with the additional
property that the characteristics of these linkages as a whole
may be used to interpret the social behaviour of the persons
involved' [2]. By extending Mitchell's interpretation of a social
network, we get a more generic definition of social networks.

Social networks represent social structures by means of
ties between nodes. These nodes correspond to actors, like
persons or other individuals. Individuals as actors from dif­
ferent types can be commingled into heterogeneous networks.
Edges in a social network can be seen as a special type of
association or dependence between nodes respectively actors.
Social networks spring up if people communicate, work or
share data between each other. To analyse a social network
there exist several techniques in the area of social network
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analysis (SNA). The SNA grew up essentially by techniques
from modern sociology [3]. It uses several metrics to make
statements about the structure of the network, the central node
or the proximity of nodes. If the nodes in such a network are
no longer individuals or groups, but artefacts such as pictures,
blog entries, videos or wiki articles, we call these networks
artefact networks. Here, the same metrics from SNA can
be applied. Edges between these artefacts represent the type
of connection or common contents of the artefacts. Artefact
networks try to make statements about how artefacts are linked
and used. If two artefacts are related, it seems that there exists
a semantic relation between them. It applies to make them
machine readable and evaluable.

In this paper we present an approach to combine social
networks with artefact networks. The resulting Artefact-Actor­
Networks allow making claims about the ties between artefacts
from multiple sources and the actors involved in their creation,
modification and linkage. By application of semantic web tech­
nologies and visualisations, Artefact-Actor-Networks represent
a useful theoretical foundation of modern computer supported
cooperative work and learning. They help to understand how
communities are using artefacts and which role these artefacts
play for object-centred sociality [4]. Artefact-Actor-Networks
are saving the semantic context and supply the storage of
metadata from people and artefacts. In other words, they
deliver a great collection of data to connect social networks
with person and artefact networks.

The remainder of this paper is structured as follows: first
we introduce the theoretical background of this paper and
present a brief overview on the basic principles of our work.
We describe the different semantic relations of Artefact­
Actor-Networks and define concepts of semantic similarity.
Following this we introduce the approach of Artefact-Actor­
Networks in more detail and provide use cases for its appli­
cation followed by an inspection of possibilities of tracking
the dynamics of our networks. Finally we conclude our paper
with an outlook on upcoming applications of Artefact-Actor­
Networks and prototypes under development.



II. THEORETICAL BACKGROUND

In this section we give a brief overview of the basic
concepts and techniques that we used for the development
of the model of Artefact-Actor-Networks. These concepts
include computer-supported cooperative work (CSCW), social
network analysis (SNA), semantic web, and semantic relations.

A. Computer Supported Communication and Collaboration

Computer mediated communication (CMC) and the more
specific computer-supported cooperative work (CSCW) have
evolved as important factors of industry, science and research
within the last 25 years since its definition in 1984 by Greif
and Cashman. CSCW is an interdisciplinary field of research
where researchers use their specific viewpoint on the topic.
Bowers and Benford [5] thus define CSCW in a very broad
and universally way: HIn its most general form, CSCW exam­
ines the possibilities and effects of technological support for
humans involved in collaborative group communication and
work processes." Ellis et al.[6] on the other hand emphasize
that not only computers, but all technological assistance need
to be taken into account when defining CSCW. So they define
that CSCW "looks at how groups work and seeks to discover
how technology (especially computers) can help them work".
CSCW deals with the support of social interaction on different
layers. Teufel et al. distinguishes between communication,
coordination and collaboration [7] while others include co­
existence and consensus. Co-existence is the basic founda­
tion for collaboration while communication allows to make
arrangements, share ideas and pass over data. Coordination is
needed when the single activities of users are dependent while
consensus denotes the act of jointly making decisions and thus
marks the highest level of collaboration.

Due to the huge amount of data and linkages between
artefacts and their respective authors and editors, theoretical
models and practical techniques for capturing the relations
and dynamics of communication and collaboration need to be
developed. Social network analysis (SNA) is an entrenched
method of analysing such communication networks. With
Artefact-Actor-Networks we propose a novel model of captur­
ing relations and dependencies between artefacts and actors in
a network.

B. Social Network Analysis

With SNA and it's metrics you can get various statements
about a social network. In social networks we model a social
network as a graph with nodes and edges between these
nodes. A simple metric is the degree of a network, which
results by the highest degree over all nodes. The degree of
one node is calculated by adding all incoming and outgoing
edges, if we talk about directed graphs as networks. Otherwise
we count every edge exactly once. A very interesting and
fundamental metric in SNA is the density of a network, which
is limited by the maximum number of edges that can exist.
It provides the integrity or the fragmentary of a network. The
higher the density in a network, the stronger the awareness
amongst the participants is [8]. Additionally, it is possible
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to calculate the local density on a subnetwork by explicitly
declaring an actor to start from. This provides a measure,
which describes the proportion between real connections and
all possible connections to other actors. Other interesting
metrics are the centrality measures defined by Freemann in
[9]. With them you can show the popularity in a network. It
is generally accepted that the more connections running over
an actor, the more important his role is in the network. Now
we give a brief overview on Freeman's measures in centrality.

• Based on degree: An actor is central if the direct links
to other actors in the network are maximal. For example,
this is a metric for the possible activity in communication.

• Closeness measure Here, the one actor is most central,
which has many short direct or indirect connections
to other actors. Since the calculation of the centrality
measure of a node implies the sum of path instances,
we can find out how independent an actor is.

• Betweenness measure With this measure we calculate the
probability that a node is intersected between a shortest
path of two other arbitrary nodes. A node is assumed to be
central, if the paths running over this node are maximal,
by selecting paths from pairs of nodes.

C. Semantic Web

The goal of the WorldWideWeb was to create a universal
medium for the exchange of data [10]. With the ability to
create links to every place of the WorldWideWeb, it opens
a new area of information exchange. But the elements of
the Web have no specified meaning which make it hard for
computers and people to compare Information from different
sites or to create meaningful results for a web search.

The Semantic Web is not a separate Web but an
extension of the current one, in which information
is given well-defined meaning, better enabling com­
puters and people to work in cooperation. [11]

Berners-Lee explained in his paper from 2001 a way to
attach structure to the meaningful content of the Web. He
added a new layer to the WorldWideWeb, which describes
the information in a structured way, so that it is readable by
computers and able to conduct automated reasoning. This layer
adds logic to the web, which means to use rules to make
inferences to the information. Agents, computer or human,
can use this logical layer to collect information about things
of interest and make new logical links to things that are also
interesting.

This structured data consists of RDF triple of the form
subject-predicate-object, which is in the form of simple sen­
tences that express some semantics. All three parts of the
triples base on a URI, which makes it easy to reference a
specific document, a web page or a person and to add new
predicates for a special purpose just by adding a new URI.
These triples can be written in various formats but the most
common is XML. XML can stand alone or can be embedded
in HTML web pages as hidden fields. If anyone can create new
predicates, then there will be more then one predicate for one



Fig. I . Consolidated artefact network resulting from three layers

thing or for two similar things. Ontologies connect predicates
with a meaning, in such a way that an ontology formally
defines relations among the predicates. The most common
ontology has a taxonomy and a set of rules. Taxonomies create
classes that can be used as subjects and object and relations
between classes, in this way the class TwitterAccount is also
an OnlineAccount. A relation between the class Person and
TwitterAccount could be hasOnlineAccount. Inference rules
express if a TwitterAccount has created a TwitterPost and a
Person has a TwitterAccount then the Person has created the
TwitterPost.

III. INTRODUCING ARTEFACT-AcTOR-NETWORKS

Artefact-Actor-Networks are an approach to connect social
networks and artefact networks, with the goal to create more
meaningful semantic connections between artefacts and actors.
To connect artefacts and actors under and between each
other, semantic relations are required. Every relation in the
network connects objects by a semantic context like isAutor
or isRightHolder. With the help of Artefact-Actor-Networks
participation in the life cycle of artefacts as well as significant
connections to involved actors will be outlined.

Artefact-Actor-Networks are consolidating multilayered so­
cial networks and artefact networks in an integrated network.
Therefore, we consider the communication and collaboration
with each tool (e.g. chat, e-mail and documents) as a single
layer of the respective network. We unite these single layers
in both social and artefact networks to consolidated networks
that contain all actors and artefacts respectively (cf. figure 1).
While in the consolidated social network we can only make
statements concerning the relations between actors and in the
consolidated artefact network we can only analyse the relations
between artefacts, Artefact-Actor-Networks (cf. figure 2) also
contain semantic relations between actors and artefacts.

This connection enables a new retrieval method for relevant
artefacts and persons in complex data sets. With the semantic
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Fig. 2. Artefact-Actor-Network with semantic relations between artefacts
and actors

connection between artefacts and actors it is easy to relate
all artefacts to a person it was involved with. On the other
hand one can easily find relevant artefacts and involved
persons based on each artefact. Thus it becomes more facile
to determine experts to certain questions and to find problem­
related data. Using the semantic analyses and the ratings of
their results mentioned in section V, additional metadata and
contextual information for artefacts can be stored and thus be
used for clustering artefacts and actors. With the storage of
snapshots of the Artefact-Actor-Networks it becomes feasible
to reproduce the dynamic evolution of the networks and to
gain new insights in group dynamics and working processes
within organisations.

The next two sections introduce semantic relations, present a
measure to calculate the similarity between artefacts and shows
how to calculate the semantic dense over a whole Artefact­
Actor-Network.

IV. SEMANTIC RELATIONS

In the context of Artefact-Actor-Networks there exist se­
mantic relations between actors and artefacts (AA relation),
actors and actors (ACT2 relation) and between artefacts and
artefacts (ART2 relation). In this section we present the
features of semantic relations in Artefact-Actor-Networks and
after that we give an introduction on how to apply metrics from
II-B. A semantic relation is a relation which says something
about the context of it.

A. Actor-Actor-Relation (ACT2 relation)

ACT2 relations describe the nature of relationships be­
tween involved persons. They characterise simple connections,
friendships or kinships. Furthermore, they can show the kind
of media people are communicating with.

The Friend of a Friend (FOAF) project [12] developed a
RDF vocabulary, to express interests, connections and activi­
ties of persons. It covers constructs to describe properties of
persons like firstname or surname but it is extensible to define
own knows relations for each person too. Such a reference may
point to virtual identities like Twitter- or a ICQ-IDs. The FOAF
vocabulary is not sufficient to represent all ACT2 relations
in the Artefact-Actor-Network. For instance, there exists no
relation to specify the kind of relation between a person to its
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Fig. 3. Examples for ACT2 relations in an organisation

organisation. For these special semantic relationships we have
to extend the vocabulary, which can easily be achieved.

As an example for ACT2 relations may be described as
follows. A person is a teammate or a colleague in our scenario.
See figure 3. Of course it is true that two teammates are
colleagues too. You can see an organisation with three different
teams. They can communicate between each other or share
different artefacts. All people from team A are teammates
among each other, but a person from team B is not a teammate
to a person of team A. If one wishes to define the hierarchy
in an organisation, one can use self-defined relations of type
isSupervised or isSuperviserOj In this example you can see
that the board of directors are supervising colleagues of team
A. Note that we did not indicated all relations in the figure
for better survey. You can clearly see that it is easy to extend
the set of relations by your own requirements. With specific
relation types you are able to analyse different communication
channels. People communicate as teammates, colleagues or
friends. So you can get information about which kind of
communication channels like e-mail, chat etc. people prefer to
communicate with their supervisors, teammates or colleagues.

B. Artefact-Artefact-Relation (ART2 relation)

In the previous section we described semantic relations
between persons as individuals. Now we take a look at ART2

relations between artefacts in artefact networks. ART2 rela­
tions provide information on how artefacts are connected. The
Dublin Core standard [13] and the SIOC project [14] provide
currently useful expedient kinds of relations. For example
artefacts can reference other artefacts with references or an
artefact can be a derivative of an artefact in an earlier version
with isVersionOJ Also the relations hasPart and isPartOf
are useful if artefacts exist of multiple parts. Furthermore,
we can reuse the relations replaces stating that an artefact
replaces another one and requires saying that another artefact
is required to make use of the current one (e.g. a picture
within a blog entry). The SIOC project provides a set of
useful relations for the context of web applications like e­
mails, blogs or bulletin boards. Three important relations to
reuse are replyOf, which marks an artefact as the reply of
another, linksTo, expressing the linkage between two artefacts,
and nextVersion, if an artefact has multiple versions and to
represent the history of it.

Figure 4 presents a simple example which shows how
artefacts between artefact storages like e-mail, file system or
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Fig. 4. Examples for ART2 relations in an organisation

blog entries can be connected. The different symbols represent
various artefact types. Different artefacts can be connected
between each other; for example a blog entry can link to an
artefact of another type.

C. Artefact-Actor-Relation (AA relation)

The last type of relation we use in the concept of Artefact­
Actor-Networks are AA relations. This type of relation also
has many different semantic shapes. They connect actors with
their respective artefacts. For each artefact there exist a set of
actors which have semantic relations to it, because artefacts
will always be created, modified and annotated by different
actors. Therefore, AA relations give information about the
kind of connectivity between artefacts and actors. Like in the
last section we are able to use Dublin Core and SIOC to get a
basic set of sematic relations. The main relations in this context
are creator, publisher and rightHolder, which describe who
the creator of an artefact was, who published it and who holds
the rights on it. The main relations from the SIOC Project are
creator, modifier and owner, which describe an actor as the
creator, the modifier or the owner of an specific artefact. The
LOM standard [15] was created for relations between learning
objects and involved entities (persons or organisations). We
can use metadata from the LOM standard that describe the
way of participation in a learning object. Possible shapes of
values are: author, publisher, editor or initiator.

We can use different relations of the existing projects for
AA relations, but as before, we have to extend the vocabu­
laries to express other roles like commentator, forwarder or
discussant out of the environment of current SNSs.

Figure 5 represents different semantic relations that result
from the collaborated work between different project spaces
in an organisation. For example, actors are owner, modifier
or author of an artefact. Project spaces have various artefacts,
which can be referenced by actors or other artefacts.

V. SEMANTIC SIMILARITY AND SEMANTIC CLOSENESS

Artefact-Actor-Networks are characterised through two
main values. Semantic similarity is a tuple based value,
between artefacts or actors, which describes the similarity
between two objects based on their attributes. The other value,
semantic closeness, gives information about the denseness of
the network in respect of given semantic terms.

To determine the semantic similarity of two artefacts, we
need metadata of the objects. There are numerous ways of
obtaining metadata for artefacts. We will not cover these
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possibilities in this paper. Amongst others, the metadata con­
tains semantically relevant things such as keywords or named
entities. Semantic metadata can be extracted through external
libraries and services like OpenCalais [16] or AlchemyAPI
[17]. Picture 6 shows exemplary keywords and named entities
(technology, country, company) for a wiki artefact about the
Twitter micro-blogging service.

We have to calculate the relevance for every extracted
keyword and named entity, which describes the semantical
relevance of the metadata for describing the artefact. Several
techniques of information retrieval and natural language pro­
cessing can be used for the calculation of this relevance. One
of these techniques is the inverse document frequency (tf-idf)
[18], [19], to determine how good a keyword separates an
artefact from all other artefacts. Tf-idf uses the fact that if the
keyword has a large frequency in the whole set of keywords,
it has only small relevance to describe an artefact. Processing
of the relevance has to be done in continuous intervals, caused
by the fact that tf-idf is based on the existing keyword corpus
from the set of artefacts and thus has to be re-calculated as
soon as new artefacts have to be stored.

Two artefacts are semantically similar, if the semantic
metadata of the artefacts are similar. To determine the semantic
similarity, we compare the relevance of the metadata of two
artefacts. We distinguish metadata of artefacts in different
concepts like keywords or named entities. Examples for named
entities are companies, technologies or persons. Every artefact
may have several concepts. An artefact interprets its referenced
concepts as attributes. By using RDF to represent artefacts,
we have no redundantly stored concepts. A concept may be
referenced by many artefacts in the network. To compute the
similarity between two artefacts, there must exist at least one
equal concept between them. Otherwise the semantic similarity
is zero. For a better understanding of our concept we divide
the process to calculate the semantic similarity into short steps.

1) Relevance of concepts for an artefact: As discussed
previously an artefact may have arbitrary many concepts
with specified relevances. Services like OpenCalais [16] and
AlchemyAPI [17] deliver information about keywords and
named entities with their respective relevance for the artefact.
Directly extracted keywords can be weighted through infor­
mation retrieval methods like tf-idf,

2) Normalising of relevances: The relevance of the at­
tributes are absolute values with no respect to other attributes.
But to compute the semantic similarity between two artefacts
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Fig. 6. Relevant keywords and named entities for a wiki artefact about
Twitter

it is necessary to normalise the values to get the weight of one
relevance in respect to all others. In our approach we normalise
the attributes to the value 1. Denote that all relevance factors
are mapped into the continuous interval (0,1]. The sum of all
relevances is at most one.

3) Computation of semantic similarity: To compute the
similarity between two artefacts, we take into account all
common attributes of the artefacts. Pairwise, the difference
between the normalised values is calculated and weighted
by the minimum of the normalised values of both attributes.
Then all pairs will be summed up. The resulting value is the
similarity of both artefacts in respect to the weight of their
attributes.

Definition Let A and B be two artefacts from the Artefact­
Actor-Network with at least one common concept and let
N Rei(AeJ denote the normalised semantic relevance at arte­
fact A of the z-th common concept of A and B. Then the
semantic similarity of A and B SemSim(A, B) is defined
as:

#{ ee}

L [min (NRel(AeJ,NRel(BeJ) ' ConSim(Ae" BeY]
i = l

(1)
with

ConSim(Aei, B ei) = 1-INRel(AeJ - NRel(BeJI (2)

As you can see the plot in figure 7 of SemSim(A, B) is a
linear function. For a common concept between two artefacts
A and B the relevancies are on the x- and y-axis. The value
of the semantic similarity is represented by the z-axis . If the
relevance x equals y, the semantic similarity is maximal for a
given conecpt.

For example a common concept SMS which is a technology,
the relevance of this concept must not necessarily be equal
to both artefacts. If the relevancies are same, then ConSim
returns 1, which means that the semantic similarity value will
not be weakened, because the current concept is identically
important to both artefacts. The minimum of the normalised
relevancies in the first part of the formula guarantees, that the
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Fig. 7. Plot of the SemSim formula

semantic similarity value in every iteration is not greater then
the smallest relevance. If two artefacts have the same concepts
and for every concept equal relevance, then it must be that the
semantic similarity is exactly 1. Differences on relevancies for
common concepts affect alleviative to the semantic similarity
between two artefacts. In an evaluation process we decided to
square ConSim which means that a small difference of the
relevance will affect less alleviative.

In the next subsequent section we present how to compute
semantic closeness in the whole Artefact-Actor-Network. It
allows you to detect semantic groupings with search terms
referencing to conecpts with the help of edges generated from
SemSim.

4) Computation ofsemantic closeness : The semantic close­
ness of the Artefact-Actor-Network only examines edges of the
network which are referencing to a given term as a parameter
and uses these edges to compute the network closeness in fact
of the term. Note that a term is pointing to a set of concepts
of the Artefact-Actor-Network. This is done by calculating
the ratio between the existing edges and the possible edges
and is called the selectivity. Selectivity denotes how strong
the network is connected. A high semantic closeness denote a
high importance of the term in the network.

Definition Let Eterm denote the edges that process the term
and E are all possible edges. Then the semantic closeness
of the Artefact-Actor-Network with respect to a given search
term SemClose(term) is defined as:

2 x E t erm
E2_E

5) Practical example: With relations that describe the se­
mantic similarity between artefacts Artefact-Actor-Networks
are interesting in practise. Let there be a set of Wiki articles.
Every article is represented as an artefact. With our approach
artefacts are connected, if the semantic similarity between
them is greater than zero . That implies, that contextual similar
articles are connected between each other automatically and
can be treated or visualised together. This gives the reader
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of an article the ability to enlarge upon his topic by getting
access to semantically similar content. Furthermore, the reader
can find like-minded people, because artefacts are connected
to persons.

VI. USE CASES FOR ARTEFACT-ACTOR-NETWORKS

As introduced the concept of Artefact-Actor-Networks, se­
mantic relations and similarity measures in previous sections,
we will now give a brief of practical applications for Artefact­
Actor-Networks.

In this section we present three diverse use cases for the ap­
plication of the Artefact-Actor-Network approach. In doing so,
specific semantic requirements for Artefact-Actor-Networks
get derivated and the value-added through the application of
Artefact-Actor-Networks are discussed.

A. Blogosphere

The blogosphere denotes the collection of all blogs (and
micro-blogs) and their interconnection [20]. Blogging and
micro-blogging provide dynamic content that represents the
opinions and beliefs of the bloggers and commentators. The
analysis of the blogosphere helps in understanding how memes
spread within distinct communities, relevant sources of infor­
mation and other phenomena. Current approaches (e.g. [21],
[22]) for the analysis of the blogosphere make use of explicit
hyperlinks between blogs. From the analysis of artefacts from
the blogosphere and their conversion in an Artefact-Actor­
Network we hope to gain a deeper understanding of the roles
of the persons involved. Artefact-Actor-Networks will help us
to determine the social importance of an artefact and outline
semantically similar artefacts and bloggers.

From the analysis of blogs and micro-blogs a specific set
of semantic relations arises that can represent the connections
between artefacts from the blogosphere and the bloggers. The
most important AA relation is isCreatedBy, which describes
that a certain artefact was created by a certain blogger. The
relations inReplyTo, isForwardOf, linksTo und isCommentTo
are ART2 relations and describe the typical blogosphere
actions of answering, citing, linking or commenting of an
artefact.

One major goal of adopting Artefact-Actor-Networks within
the blogosphere is to allow an easy retrieval of blogs and
micro-blogs that are semantically similar to each other without
explicitly linking each other. For the well-known microblog­
ging service Twitter [23] this would mean to identify other
users that tweet about semantically similar content, link on the
same blogs or re-tweet the same users. With the application
of Artefact-Actor-Networks in the blogosphere is becomes
feasible for the first time to connect blogs with micro-blogs
and taking into account user actions like commenting, linking
or forwarding of artefacts. Furthermore, it will be easy to
derive a large number of artefacts linking to a specific artefact.

B. Collaborative Software Engineering

In the use case of collaborative software engineering we
have to cope with many different artefacts that distinguish in



content, organisational structure, composition and usage aim.
Besides source code there are specification documents, wild
articles, entries in bug and issue trackers, calendar entries, e­
mails and many more. Enlisted persons of a software project
can act in diverse roles and can be involved in various ways
in the change of artefacts.

There are special ART2 relations in the case of collabo­
rative software engineering like isVersionOf, extendsArtefact,
isBugreportFor or documentsArtefact. Between team members
specific ACT2 relations like areTeammembers or isPairPro­
grammingMateOf can exist. The specific AA relations can
express semantics like isProductOwner, isDeveloperOf, isRe­
porterOf, addedEvent and many more.

Our main aim with adopting Artefact-Actor-Networks to the
use case of collaborative software engineering projects and
teams is to increase artefact awareness and transparency in
software engineering projects by noticeably highlighting the
connections between artefacts and users.

In [24] we present our vision of a community-embedded
collaborative development environment that make use of
Artefact-Actor-Networks in more detail. Having the semantical
connections between artefact, we can derive topic-connected
artefact networks that can help solving specific problems
during specification, implementation, or documentation. Using
the mutual relations between intra-project and inter-project de­
velopers and artefacts, it becomes feasible using the experience
and knowledge of experts from outside the own organisation
and thus enhance the personal learning and working in soft­
ware engineering projects.

c. Wikis

Recently wikis have become a major mean of knowledge
management in many companies and organisations. As an
essential part of corporate knowledge management wilds will
have to fulfil special requirements with regard to information
retrieval and expert recommendation. But a major downside
of wilds is their lack of artefact and user awareness. So wikis
will not provide a user with similar articles based on the
semantic content of an article or present active users within
a special knowledge domain that can act as experts in the
specific field. With the concept of Artefact-Actor-Networks it
is possible to support viewer and writer of wiki articles. By
interpreting every wiki article as an artefact, we can define
semantic relations between them. If we have various wikis in
an organisation, every wiki article will be stored as an artefact
in detached artefact stores. From section IV follows, that these
artefacts may be connected via semantic relations. Every wild
article is connected to an author. To simplify matters we
neglect different versions of an article. The various Wilds in
an organisation are mapped to project spaces. With a wild
reader and writer extension it is possible to show viewers of
an article semantically relevant articles or authors have written
relevant articles. In position of the author the writer extension
enables a feature to show relevant articles during the writing
process. The main advantage is the ability to show readers
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and writers of articles semantically relevant information over
various project spaces of an organisation.

VII. IMPLEMENTATION OF ARTEFACT-AcTOR-NETWORKS

The backend system of Artefact-Actor-Networks is imple­
mented as modularised component system based on the OSGi
service platform [25]. We designed the backend system easily
extensible by future protocols and functions. Different crawler
components for data provisioning make it possible to inspect
simple HTML pages as well as pages with specific structures
such as MediaWild [26] pages or WordPress [27] blog entries
and their specific metadata. We use the Jena Framework [28]
to efficiently store, manage, process, and retrieve semantical
RDF data. With SparQL [29] the Jena Framework offers a
very efficient query language for the data pool that not only
can queried by rule-based engines but also via the built-in
inference engine. We used this mechanism to represent the
different layers of artefact networks and actor networks by
inheritance of RDF types.

The storage engine additionally triggers other analysers that
can be split into two groups: text analysers and network
analysers. The former are investigating the full text of artefacts
in order to derive additional data like keywords, topics or
named entities. We used services like OpenCalais [16] and
Orchestr8 [17] to derive these data. Both of the projects expose
their functionality via a web service API. Preliminary test
show that the services yield good results for texts longer than
300 characters. The network analysers belong to the second
group of analysers and are only operating on the stored RDF
data (e.g. the component that computes the semantic similarity
between two artefacts).

A. The backend system of Artefact-Actor-Network

The backend system of Artefact-Actor-Network was de­
signed to ensure extensibility and flexibility for future en­
hancements. In order to assure flexibility to the greatest extend
possible we choose the OSGi service platform that allows to
add or remove components during the runtime. This makes it
possible to add to the running application additional parsers for
specific data formats, accessor modules for further protocols
like SMTP, SVN or FTP as well as fresh data analysers
using different services or calculating the inverse document
frequency (tf-idf),

The backend system is mainly composed of three compo­
nents cf. figure 8): 1) the crawler component that ensures
the data provisioning, 2) the datastore component, which is
responsible for the storage, retrieval and reasoning, and 3) the
analyser component. The access to the system as granted via
a web service interface and a frontend that makes use of this
interface. The single components are using mechanism of the
OSGi service platform to communicate with each other.

The crawling subsystem is addressed via the superordinate
crawler component that provides an OSGi service with the
according interface. The crawler expects jobs with data sources
that are to be accessed. For each data source a selection of
components is created that is needed to finish the job. For



Fig. 8. Component model of the Artefact-Actor-Network backend system

accessing a simple HTML page you would need an accessor
that can handle the according protocol (HTIPAccessor), a
mimetyper to ease the selection of a parser and a parser that
extracts data from the data source according to its mimetype
(HTMLParser). The parser then writes the extracted metadata
into the datastore and the full text into the FullTextCache
component that both are reachable via OSGi services.

The data storage subsystem is responsible for the storage of
all data and provides a FullTextCache component that store the
full texts of selected text-based artefacts, which can be fetched
by the different text analysers . The full texts are cached for a
certain amount of time and can be re-downloaded if required.
This mechanism is useful for very large text inventories that
do not need to be stored permanently. The second component

of this subsystem is the datastore , which basically stores all
extracted and created metadata for artefacts and actors and
ensures the reasoning based on an inference engine provided
by the lena framework. Furthermore the lena Framework
allows to have the data in memory, stored in the filesystem
or in a relational database. The access to stored or inferred
data is provided via a SparQL interface or with the lena
model. Every time when data is written to the data storage
component, an event in the built-in OSGi event service is fired
where for example the analysers are listening to. This service
works according to the whiteboard pattern [30] meaning that
the analysers provide an event service that is searched and
used by the event-launching component

The main duty of the third component is to enhance the data
gained during the crawling processes by additional metadata
and further statements about artefacts, actors and the whole
Artefact-Actor-Network. All analysers that are linked to the
data storage component via the OSGi even service are listening
for events that they can handle. The analysers currently are
split into two groups that differ in the observed events; text
analysers are listening to events from the FullTextCache while
network analysers are listening to changes in the datastore, The
former analysers are investigating the full texts of artefacts and
extract keywords and named entities that they store as RDF
data in the datastore, The latter analysers can compute the
semantical similarity between artefacts and thus enhance the
information quality of the whole Artefact-Actor-Network.

B. RDF model and inference of networks

RDF models provide the possibility to inherit RDF types.
This capability and the option of the lena framework to
directly access single stages of the inheritance chain make
it possible to model the different layers of Artefact-Actor­
Networks. Figure 9 shows a narrowed version of our RDF
model. The left side of the models shows our basic structure
of the Artefact-Actor-Network (AANBase) . Here we defined
basic types for actors, artefacts and fundamental relations
between them. All other specialised types are derived from
these basic ones. Figure 9 exemplary depicts the WebArtefact
which inherits from Artefact and itself is the upper type of
MicroblogArtefact. MicroblogActor however inherits from the
basic type Actor. Based on this type of structuring the data, it
becomes feasible to store a MicroblogArtefact in the datastore
and to infer that it is a WebArtefact and thus belongs to the
Artefact-Network. We can proceed in the same way with a
MicroblogActor who is part of the Actor-Network due to the
inheritance. This way we not only can discern the two main
consolidated networks but also all the sub-networks originate
from the inheritance of types. For example we are able to
distinguish between a network of WebArtefacts and one of
MicroblogArtefacts. If we implement a TwitterArtefact and a
IdenticaArtefact that specialise a MicroblogArtefact one can
even distinguish between those the two new networks that are
spanned by the according artefacts.

This structure of inheritance not only covers the inheritance
of RDF types but also of relations . That way the relation
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Fig. 9. Artefact-Actor-Network RDF-Model

linksTo from the Web model inherits from the relation isRe­
lated from AANBase. That way it is possible to make general
claims about the relations of all artefacts in the Artefact­
Network.

The Jena framework uses rule-based reasoners to create this
structure of inheritance and makes it searchable. At this we
are using a weak form of reasoners that is restricted to the
possibilities of RDF-schema (RDFS, [31]). RDFS contains
amongst others the properties subClassOf and subPropertyOf
Stronger attributes from OWL [32] are not necessary for the
hierarchical structure. Using this function we are able to store
all relevant data in a common, standardised data structure but
can distinguish between the different layers of the Artefact­
Actor-Network at the same time.

C. Keyword extraction using external services

We use OpenCalais [16] and Orchestr8 [17] to retrieve
additional metadata not already extracted during the crawling
and parsing process. Therefore these services use advanced
techniques of natural language processing (NLP) and informa­
tion retrieval that are not covered in this paper. Each service
provides an API that accepts text, extracts metadata and returns
this data as RDF coded data. Both services are capable of
extracting keywords and key phrases, named entities such as
persons, technologies, countries or companies. Furthermore
they categorise analysed texts to a own taxonomy. All these
information is stored as special forms of the keyword type
shown in figure 9.
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VIII. CONCLUSION AND FUTURE WORK

In this paper we have envisaged our approach of Artefact­
Actor-Networks, which connect social networks and artefact
networks through semantic relations. With Artefact-Actor­
Networks we contribute to the field of computer mediated
communication and computer-supported cooperative work a
model that allows the storage and analysis of multi-layered
communication and collaboration in digital networks. By
offering an open and extensible set of semantic relations in
the ART2, ACT2 and AA relations we enable the adoption
of Artefact-Actor-Networks in multiple use case scenarios and
domains.

The analysis of a specific Artefact-Actor-Network with re­
spect to its semantic closeness enables new ways of analysing
and visualising cooperative work. The augmented awareness
of group processes and the transparent semantic connections
between users and artefacts will ease the understanding of
problems and contextual support as well as expert finding and
expertise rating. Furthermore, the joining of social networks
with artefact networks enable new possibilities in the assis­
tance of informalleaming processes. By employing the metrics
from SNA in the context of Artefact-Actor-Networks, relevant
artefacts and persons can be filtered from a huge dataset.

First prototypes showing the prototypical application of
Artefact-Actor-Networks within the domains of wikis and
the blogosphere are currently under development and will be
ready for presentation with the final version of this paper.
Furthermore, we are working on ways of visualising the
dynamics of Artefact-Actor-Networks in order to make claims
about changes in the social network or the importance of single
artefacts and their impact on the alteration of the network.
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