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Abstract. Almost all aspects of scientific research and communication
are now supported by software systems. Even though most of these sys-
tems allow the user to specify interaction preferences or even employ
user modeling techniques, every system is an island with this respect. In
particular, different systems cannot share user models or predict in the
absence of prior interactions. We use ideas from the theory of Communi-
ties of Practice to arrive at declarative models that predict prior knowl-
edge, preferences, and learning paths of scientists. Our models build on
collections of semantically marked up artifacts (CoPfolios) that inscribe
scientific practice. Our vision is to provide a toolkit that encapsulates
CoPfolios allowing scientific applications to share user data.

1 Communities of Practice in Science

In the late 80s [LW91] coined the term Communities of Practice (CoP) to express
the need for a new theory of learning. Nowadays, the concept is a well-known
and widely accepted theory, which has a great impact on various disciplines:
Meant to be useful for the debate on education, the concept has been applied
to domains such as government, science, education, as well as industry and is of
interest to both, researchers and practitioners.

[KWO05] analyzed CoPs in the domain of science. We agree that the CoP
theory is suited to describe scientific communities. In particular, the concept
allows us to better understand the collaborative and emergent nature of science.
Moreover, as CoPs act as “platforms for building a reputation” [Wen05], they
support an important concern in science, i.e. to increase one’s reputation and
impact on the community.

We apply the theory of CoPs to the Science, Technology, Engineering, and
Mathematics (STEM) disciplines. We view STEMicians as mathematical prac-
titioners, who understand mathematics as the language of science and as the
basis for several disciplines. The STEM community is very heterogeneous: Al-
though outsiders may get the impression that mathematical practitioners form
a homogeneous, unified community and share the same practices all over the
world, they actually form various sub-communities that differ in their preferred
notations [Caj93,SW06,Miil08b)], basic assumptions [Rab08], and motivating ex-
amples [KKO06].



We observe that scientists primarily interact via their artifacts, including
documents in a more traditional understanding such as conference proceedings,
journal publications, and books as well as documents in a wider interpretation
such as emails, forum postings, online reviews, and wiki entries. Artifacts also
include mathematical concepts and foundations as well as software and libraries.
We assume that scientific interactions, and more generally mathematical prac-
tices, are inscribed into artifacts and aim at extracting the inscribed scientific
practices to model scientific communities and their participation. [KWO05] follow
a similar approach to adapt the principles for cultivating CoPs by [WMS02] for
the Computer Supported Collaborative Learning (CSCL) community. Based on a
citation analysis of the CSCL conference proceedings they model the participa-
tion of their scientific community. In contrast, we build on a semantically marked
up corpus of artifacts, which facilitates to distinguish different types of artifacts
and relations on distinct granular levels. Moreover, [KWO05] compose design prin-
ciples by analyzing and describing the current situation in CSCL, while we aim
at modeling the STEM community in order to predict membership, interest,
activities, and preferences.

2 Community Oriented Technologies for Science

[Wen01] emphasizes that the success of a CoP primarily depends on social, cul-
tural, and organizational factors and secondly on technological features. Taking
this into account, [Wen01] and [WWSRO05] provide aspects of CoPs that can
be supported by technology and point out implementations that are suited to
support these areas. We have applied the discussion to the STEM community, in
particular, to analyse tools that support interaction via scientific artifacts. From
our survey, we conclude that STEMicians have been using technology for many
years. Many specialized tools exist that support various scientific activities, but
none of them supports all. We observed that in science an all-embracing imple-
mentation seems impossible since the requirements of scientists are very diverse
and even contrary. In particular, the choice of tools often depends on the scien-
tist’s basic assumptions and foundations, which in turn depend on his “personal
preferences and the character of the current problem” [Rab08]. Since scientists
use various tools to accomplish different tasks, their repertoire of artifacts is scat-
tered across various system-internal database and so is the repertoire of their
CoPs. However, we need to consolidate artifacts and integrate existing scientific
tools to facilitate scientists to manage and share their data across systems and,
thus, to facilitate collaborations. Since the STEM community is very document-
centered, we propose an integrative approach that pools scientific tools with
various specialized functionality around common corpora of artifacts in a com-
mon representation and markup format. For the course of this paper we focus on
systems that build on our XML-based Open Mathematical Document Format
(OMDoc)! [Koh06].

! Please note that we are not restricted to the OMDOC format but emphasize on
the OMDoc functionality. This approach can be applied to other powerful markup
formats, such as SIEX [Koh05b] or CNXML [HGO7].
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Fig. 1. The OMDOC universe: Integrating scientific tools via a common repre-
sentation format.

We view OMDoC as a semantic integration platform, which offers means to
annotate the structural semantics of artifacts, that is to “identify the structure,
the meaning of text fragments, and their relations to other knowledge” [Koh06].
This markup facilitates the automatic processing of scientific documents, while
allowing authors to choose the level of formality of their documents [Miil08c]|.

Figure 1 illustrates scientific tools that have already been integrated via the
OMDoc format and which support various scientific activities?. In particular,
the OMDOC universe comprises the intelligent version database [OMBO08], the
management of chance system [loc07], the semantic wiki [Lan08], the discussion
platform [pan08], the course management system [Act07], the automated prover
[Ver08], the semantic search engine [Mat07], the theory-browser [NK07], the logic
translator by [Rab08], and the invasive OMDoc editors in Microsoft PowerPoint
and Word [Koh05a]. However, none of these systems provide an integration of
user data and preference settings.

In the following sections, we build on the notion of portfolios, which integrate
artifacts from several systems wrt. to a single scientist, in particular, his user
data and preference settings. Based on these single-owned portfolios, we pro-
pose CoPfolios, which include artifact collections of groups and facilitate the
portability of common preference settings across various systems (cf. Sect. 3).
Moreover, portfolios and CoPfolios provide portable and (partially) public com-
munity and user views that help to contextualize the adaptation of information.
In contrast to many other adaptive systems, we focus on semantically enriched
artifacts. We believe that semantic technologies support the reification and ex-
traction of scientific practice and discuss novel services based on the extracted
information (cf. Sect. 4 and 5).

3 Towards Portable User and CoP Models

3.1 From Portfolios to CoPfolios

The term “portfolio” (lat. portare “carry” and folium “folio”) refers to a collec-
tion of objects of a specific type that document an individual’s activities and

2 The figure is patterned after an overview in [WWSRO05] on general CoP oriented
technologies. Please note that we do not cover all relevant scientific tools in this
paper, but focus on the OMDOC universe.



preferences [Wik08]. They include artifacts the individual created, as well as self-
evaluation, reflection, best practice, and methods. Portfolios consists of private
as well as public parts that allow others to get an impression of one’s practices.
Portfolios have been used in several domains, in particular, in industry (finance
or project portfolios), education (learner portfolios), and human resource man-
agement (career portfolios) to support life-long learning and to track personal
or community developments. We view portfolios as platform-independent col-
lections of interrelated semi-structured artifacts an individual creates, shares,
discusses, or uses as well as metadata on these artifacts that express the indi-
vidual’s self-reflexion, interest, and views.

Building on the portfolio idea of single-owned collections of artifacts, we
propose CoPfolios, which are artifact collections shared by a CoP of scientists
and are interpreted as representations of CoPs. Note, as portfolios are special
cases of CoPfolios for singleton CoPs, we only refer to CoPfolios in the further
course of this paper.

3.2 Maintenance of CoPfolios
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Fig. 2. Potential types of artifacts for CoPfolios. Several systems from the OM-
Doc universe, such as SWIM, panta rhei, and ACTIVEMATH, as well as non-
OMDoc systems, such as [CNXO08] or [sla08], can initialize these types.

We propose CoPit?, a community of practice toolkit, for managing CoPfolios.
As illustrated in Fig. 2, CoPfolios include several interrelated types of artifacts
such as papers, preprints, discussion items, preference settings, ratings, tags, or
subscriptions. Moreover, they include profile data, such as email, fullname, ad-
dress, and messenger IDs, as well as preference settings, e.g. with respect to
general subscription preferences or notation systems. These types of artifacts
are initialized by system-specific data provided by various systems, whereas the
CoPfolios are maintained by CoPit. Each system provides an export to and
import from CoPit. For more information on CoPit see [Miil08a].

3 Please note that the following illustrations are visionary and experimental. We are
in the progress of implementing a proof-of-concept prototype, with which we will
evaluate and refine our approach.



4 Services based on CoPfolios

The immediate benefit of CoPfolios for individual scientists is the consolidation
of their user data across systems. Accordingly, the immediate advantage of CoP-
folios for CoPs of scientists is the platform-independent management of a CoP’s
repertoire. The machine-processable collection of semantically marked up arti-
facts also facilitate CoP services, i.e. services based on the sharing of information
with CoP members and the access to other scientists’ repertoires.

4.1 Views and Lenses

The preference settings in CoPfo-
lios can be interpreted by systems
to provide views or lenses on ar-
tifact collections, particularly, wrt.
their presentation, structure, and se-
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4.2 Visualizing and Browsing
We can visualize the semantic inter-
relations within and across CoPfo-
lios to e.g. facilitate the search for
related work and potential collabo-
rations across systems. Based on an
interactive visualization, we can fa-
cilitate the semantic browsing along
these relations extending existing ap-
proaches such as citation-based browsings.

Fig. 3 illustrates semantic interrelations on the artifact layer, i.e. relations
such as includes, cites, and refutes, and the social layer, i.e. relations such as
knows, trusts, or collaborates with. The relations between social layer and arti-
fact layer, such as writes, reads, implements, watches, or subscribes to, allow the
bidirectional propagation of dependencies between the layers, that is bottom up
and top down: By analysing the content, structure, presentation, and metadata
of an artifact, we can identify similarities that eventually propagate to the social
layer: For example, the artifacts interrelation can be used to construct social
networks or to predict similarities between users. In contrast, a top down ap-
proach allows to use the information on users and their social relation to define
the adaptation, selection, and structuring of artifacts [Miil08c]|.
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4.3 CoP Spawning and Browsing

We propose the interpretation of semantically
marked up artifacts to compute the differences
between user (or rather between the user’s ar-
tifacts and their interrelations) to eventually
build parametrized clusters of similar users,
henceforth referred to as wvirtual CoPs. The
parameters define different dimensions for the
clustering, e.g. the common basic assumptions
or background, the common choice of exam-
ples, or the common notation preferences. We
do not claim that the computed clusters (or
virtual CoPs), are CoPs wrt. to [LW91] as
they only consider selected dimensions. How-
ever, they provide initial means for other users
to cope with information without prior inter-
actions.

For example, based on the interrelated
repertoire of the KWARC and {2MEGA group
in Fig. 4, subcommunities within and across
both CoPs can be identified. Potentially, these
virtual CoPs help to identify similarities and
relations among the members of both CoPs,
on which basis new CoPs (or collaborations)
can be established. For example in Fig. 5,
the virtual Developer CoP, with the members
nmueller, mwagner, and cmueller, as well as
the CoP’s implementation repertoire, includ-
ing mmlkit [MMKO8], the locutor system,
and Platf2 [pla07], are displayed. The scien-
tists nmueller and cmueller relate via their col-
laborative development of mmlkit. mwagner
implements Plat{2? and watches the develop-
ment of the locutor systems, which eventu-
ally allows to infer his relation to nmueller or
the relation between his implementation and
the locutor system.

5 CoPit Case Study
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repertoire.

As CoPit supports the sharing of user-specific data across systems and among
other users, we need to take the authentication and rights management into
account. We will use the decentralised identity service [Ope08] via URL-based
identities to uniquely identify scientists across systems. Systems can adapt their
authentication process to these open identities or rely on their own user man-

agement.
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Fig. 6. Authentication and Rights Management based on OpenlDs

Figure 6 illustrates a potential OpenlD-based scenario. The user kohlhase
logs into the panta rhei system (for the first time) using his panta rhei ac-
count (1)*. He access his profile page in the system, provides his openID, e.g.
http://copit.kwarc.info/kohlhase, and assigns panta rhei to display his pro-
file data from his CoPit CoPfolio (2). panta rhei prompts CoPit, provides the
openlD, and request the profile data of kohlhase. CoPit prompts an OpenlD
Provider, e.g. http://copit.kwarc.info/, to verify the openID (4). It then
verifies the access rights for the panta rhei system on the kohlhase CoPfolio (5).
Since panta rhei has no access, the request fails (6). Panta rhei prompts the
user to grant the required permissions (7). kohlhase uses the CoPit manager to
grant panta rhei read access on his profile and preference data (8). panta rhei
re-initializes its request (9). This time the system has access to the respective
parts in the kohlhase CoPfolio, receives profile data, and initializes its internal
profile page (10). Since panta rhei provides email notifications, the system can
interpret the subscription preferences in the user’s CoPfolio (10). Being a nota-
tion aware system, panta rhei can also interpret the user’s notation preferences.
However, the notation preferences are stored in the kohlhase SVN repository.
Consequently, panta rhei only receives pointers and needs to prompt the SVIN
server for the actual files. However, the system is not permitted to access the
respective SVN directories yet. It thus needs to notify the user to modify the
respective SVN permissions. Alternatively, CoPit provides an abstraction to the
storage of the notation preference files in SVN CoPit stores the SVN account of
kohlhase, which is now used to access SVN (11), to download the requested files
(12), and to finally pass them to panta rhei (13).

4 Alternatively, panta rhei could directly be based on openID. Instead of verifying the
system-internal user account the system would prompt an OpenlD provider to verify
the openID
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6 Related Work

Our approach of pointer-based CoPfolios is analogous to the user modeling [Mel01]
in the ACTIVEMATH [Act07] system, an eLearning system based on an OMDoOC
corpus of course material, which provides the generation of user-specific courses
and exercises. The generation is based on learner models consisting of concepts,
technically pointers to the OMDOC repertoire, as well as competencies of the
users. The model focuses on the representation of a learner’s knowledge and
preferences wrt. layout and notation preferences. CoP models or the portability
of models across systems is not considered.

The emerging standard FOAF [FOAO08] (an acronym for friend-of-a-friend) is
an machine-readable ontology describing persons, their activities, and relations
to other persons and objects. Users can use the RDF [L.S99] extension to describe
themselves and publish their user data. Several systems provide imports and
exports of these FOAF files to initialize their user models. However, the FOAF
format is restricted to individuals and does not support to represent all relevant
user data such as specialized preference settings.

7 Conclusion & Outlook

An important aspect of the KNOWLEDGE SOCIETY is the challenge of digital
knowledge management (KM). We believe that KM requires the digitalization
of knowledge and its social context to provide sophisticated (automated) inter-
actions. As interaction is practice, we make use of the theory of communities of
practice to reify practices and represent interaction.

In our previous work we have discuss the reification of several practices as
preference settings [KMRO0O8, KMMO07a, KMMOT7b]. In this paper, we focused on
a natural place to collect, store, and manage these preferences to facilitate the
sharing of user and CoP data. We made use of the notion of portfolios to consoli-
date artifacts and context (represented as preference settings) of scientists across
systems (of the OMDOC universe) and extended portfolios towards collections
of CoP artifacts, i.e. CoPfolios. These are maintained by CoPit, which facilitates
the sharing of user and CoP data across systems. To motivate our approach, we
presented several CoP services and a case study, which we want to implement in
the panta rhei system. We plan to integrate functionality of the locutor sys-
tem to extract semantic dependencies for the browsing of artifacts as well as
computation of wirtual CoPs. For the implementation of views and lenses, we
will integrate the mmlkit [MMKOS] system, which facilitates the adaptation of
artifacts wrt. to different notation preference.
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