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1 Introduction

The reuse of existing knowledge and experience is one of the fundamental princi-
ples in many sciences. Engineers often use existing components and apply established
processes to construct complex systems. Without the reuse of well-proven experience
and knowledge, e.g., in the form of guidelines or software patterns, we would have to
rebuild and relearn it again and again.

During the past thirty years, this idea of reusing previously made experiences,
products, processes, and best practices has fueled the fields software reuse, experience
management (EM), knowledge management (KM), and Learning Software Organiza-
tions (LSOs) [48]. Traditionally, LSO approaches are based on concepts such as the
Experience Factory [9] [7], Case-Based Reasoning [1], and Knowledge Management
[30] [3] [18] in order a) to support individuals (i.e., software engineers and managers)
in decision making [49] [50], expert identification, short-term problem solving, and
long term competence development [38], as well as b) to support organizations (e.g.,
departments or projects) in software process improvement [19], competence man-
agement [51], knowledge preservation, and knowledge sharing.

Today, most of the well-known experience factories (EF) (SEL [8], Hughes Air-
craft [24], Motorola [11]) focus on quantitative experiences gathered through system-
atic and goal-oriented measurement. Others (IESE [25], Raytheon [23], VSEK [21],
ESERNET [26], DOD [16], Daimler-Benz [52]) also include qualitative experiences
gathered using free content platforms, project retrospectives, or interviews. In order to
enable and support the basic functionality, they use technologies such as content or
knowledge management systems, web portals, forums / bulletin boards, databases,
case-based reasoning, expert systems, etc.

2 New Technologies for Learning Software Organizations

Beside these traditional technologies used for LSOs, progress in other areas has
opened new ways of managing experiences made in LSOs. The current developments
have moved from heavyweight systems with complex databases and retrieval mecha-
nisms towards lightweight systems for quickly capturing, structuring, retrieving, pre-
senting, aggregating, or using experiences. This has also led to more user-centered
experience management technologies (e.g., those that support personal knowledge
management).



Web 2.0 technologies facilitate distributed collaboration, foster the free reuse of

information, experience, or media/products, and support knowledge workers in cop-
ing with the immense information overload by simplifying the organization, integra-
tion, and reuse of information scattered across diverse content sources. Major Web
2.0 technologies usable for LSOs are:

Wikis: Wikis enable the simple distributed collaboration of people aimed at shar-
ing ideas, experiences, links, or (work) products. Today, Wikis are used to share
and reuse work products in LSOs [43] [15] [17] to support the software develop-
ment process [35] [46]. LSOs using Wikis as an EF or to support individual
groups and projects can use them for easy documentation, acquisition, linking, or
exchange of knowledge and experts in distributed environments.

Blogs: Web logs (blogs for short) are content distribution platforms to share news
on a specific topic (e.g., one’s private life) and are used for knowledge sharing
[33] or document experiences [5]. LSOs can use blogs for every employee, project
or department as an on-going diary of ideas, problems, solutions, observations,
market trends, customer news, etc. and to support their reflective activities.
Discourse systems: These successors to bulletin boards are used to systematically
discuss relevant topics (e.g., software processes [55]) with or without the help of
moderators, and elicit valuable experiences [40] in a distributed but participative
environment. LSOs can use them to systematically discuss experiences themself
or in order to aggregate experiences into patterns or laws.

Folksonomies: In contrast to systematically developed ontologies or database
schemata, folksonomies are “bottom-up” created taxonomies (resp. ontologies)
based on tags (keywords) freely assigned by the users of a system (i.e., ontologies
with an uncontrolled vocabulary). LSOs can use the tagging technology for devel-
oping, enriching, or improving existing ontologies in their EFs.

Microformats: Microformats are used to embed small structured information
blocks (e.g., geographic coordinates) into normal documents. This information can
then be used to enrich the original document (e.g., by presenting the geo-location
on a map). LSOs can use these technologies either to enrich information within
documented experiences or by developing microformats for experiences in order
to weave experiences into other documents (e.g., design documents).

Mashups: Web 2.0 technologies such as mashups are used to merge content,
services, or presentation forms from different sources, which allows the easy and
fast development of new information services [29]. In the context of LSOs, this
idea would require an EF as a service or data source that is mixed with a main ser-
vice (e.g., project database) and used to annotate the main service’s data (e.g., pro-
ject effort estimations).

Semantic web technologies enable the structured and machine-readable description of
information and support the automated use and easy annotation of this information.
Major semantic technologies usable for LSOs are:

Semantic Web Languages and Ontologies: The languages RDF [28], RDF-
Schema [13], and OWL [53] define language constructs that can be used to define
ontologies in a way suitable for machine reasoning in the context of LSOs. LSOs
using ontologies for EFs can easily reuse tools, frameworks, and technologies for
the development, structuring, or visualization of experiences.



Semantic Wikis / Desktop: Semantic Wikis, Semantic Desktops, or Semantic
Work environments [47] enable the enrichment of content, work products, contact
information, etc. with metadata that can be used for reasoning. Today, some Wiki-
based EF such as SOP [56] are about to be equipped with a semantic layer and ex-
panded by semantic-based visual aids or a semantic search engine. LSOs can fur-
ther use Wikis for the fast, collaborative, and asynchronous documentation of ex-
periences and can easily use features to semantically enrich and connect them with
other experiences. LSOs can use semantic work environments, in particular, to
improve personal information management and collaboration with colleagues.

Artificial Intelligence (Al) technologies enable the automated processing of machine-
readable information and support the intelligent, interactive, and social communica-
tion or presentation of information. Major artificial intelligence technologies usable
for LSOs are:

Software Agents: Intelligent software agents are aimed at supporting or even
replacing static algorithms or people. They are designed to adapt their strategies to
the current tasks and context. Multi-agent systems and Collaborative Multi-Expert
Systems (CoMES) [2] use them to interface with human users (e.g., pedagogical
agents [34]) or to support the EF personnel [6]. Agents can further be used by
LSOs either to support the EF tasks and to automatically collect experiences or in-
formation about the individuals or the organization and, therefore, act as an ambi-
ent organizational memory that could reproduce and explain a person’s activities
in case of his resignation.

Inference engines: Reasoners, resp. inference engines (e.g., Jena, F-OWL, Jess,
...), especially for semantic web languages, enable the inference of rules over se-
mantic information using rule languages such as SPARQL or SWRL. LSOs can
use these inference engines in EF for quantitative experiences (evidence) [27] to
identify similar experiences for aggregation, incomplete experiences for mainte-
nance, or work-related experiences for proactive information delivery.

3 Current Challenges for Learning Software Organizations

While these new technologies enable new ways of capturing, processing, and dis-

tributing experiences in LSOs, several challenges are added to the existing ones [12]
[31]. Currently, we have identified the following challenges for LSOs:

Intelligent Assistance (I1A) for EM during daily work: Proactive and intelligent
supply of relevant experiences and knowledge for the work activity at hand is a
feature strongly requested by software engineers [45]. However, developing intel-
ligent, context-sensitive, social, and useful assistance for knowledge workers per
se, users of an EF, or the EF personnel [4] itself is a non-trivial task.

User-centered context-sensitive adaptation of experiences: In order to enhance
the understanding and application of experiences and to make the experience more
compliant with cognitive information processing, experience packages have to be
adapted to the user and his current context (resp. situation). Learning Spaces [38]
are one context-sensitive approach — based on product-line inspired decision mod-
els [36] — to enriching experience packages with additional information that en-
hances reuse and knowledge acquisition. However, the challenge is still to sepa-



rate structure, content, and layout in order to achieve optimal adaptation of the ex-

perience, using tailored user, task, or work product models.

e System-centered context-sensitive adaptation of experiences: Besides the adap-
tation of experiences for users, we also require context-sensitive approaches to
adapt whole knowledge bases for domain-, process-, or organization-sensitive
knowledge-based systems (KBS). Developers of KBS could use the approach in
cooperation with productlines to adapt not only the system to the platform and to
the organization, but also the knowledge (i.e., knowledge lines) [2] [4].

e Collaborative authoring of knowledge: The documentation of experiences and
knowledge by an individual always holds the risk that errors are made or that im-
portant information is missing. Collaborative authoring or rework approaches for
experiences using Wikis [39] or writer’s workshops [22] have the benefit of many
eyes checking the documented experience (similar to pair programming). How-
ever, motivating and convincing users to contribute to and make use of the EB is
not an easy task. Additionally, contributing to the EB is time- and effort-
consuming. There is a certain resistance that has to be coped with.

e Aggregation of Experiences: One common approach to aggregating quantitative
experiences (such as empirical studies) is the meta-analysis technique [14]. For the
aggregation of qualitative experiences (such as problem solution descriptions) ad-
hoc techniques are used, if at all. While some approaches are described for aggre-
gating “knowledge dust to pearls” [10] or aggregating observations into reusable
experiences, patterns, and finally laws [44], more systematic and automated ap-
proaches are required.

e Collection of Knowledge Patterns: Design patterns are well-known throughout
the software engineering community; however, the use and collection of patterns
regarding knowledge, knowledge management, or KM systems is rare. Neverthe-
less, the collection of these knowledge patterns [41] [42] and knowledge refactor-
ings has the potential of systematizing LSOs and improving the experience base.

e Centralization of knowledge in de-centralized environments: Today, knowl-
edge is distributed in various repositories, shared network drives, or documents
throughout the organization and users have different search requirements [20]. In
order to retrieve or centralize this wealth of knowledge, systematic and automated
approaches are needed that enable and support the integration of this information.

e Integrating knowledge management and learning management: Even if the
two research areas follow two different perspectives of learning, i.e., organiza-
tional and individual learning [37], both can profit from each other in terms of
content creation and sharing, explicit support for learning processes, and hence the
internalization of documented experiences as well as their externalization.

In summary, we expect to see more semantics to use experiences in (semi-) auto-
mated processes, more (free) collaboration to elicit and share experiences, as well as
more processing in order to aggregate, adapt, and improve experiences. Many Web
2.0, Semantic Web, and Al technologies have already proven that they are accepted
by the users and might be a solution for motivating users to share more experiences,
to help disseminate experiences, and to formalize them in order to decrease mainte-
nance or management efforts.
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