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Abstract. For a successful learning organization, it is of crucial importance to
have successful methods for stimulation and sharing of working and learning
activities of their employees. However, there are two important challenges to be
addressed: 1) combination of individual and organizational incentives that moti-
vate employees to take part in knowledge building and sharing activities; and ii)
structuring of learning and knowledge building activities and their outcomes in
a representation that can assure unambiguous knowledge sharing. To address
these challenges, we propose a framework of individual and organizational fac-
tors for knowledge sharing and a set of ontologies that provides a systematic
and interlinked representation of concepts of individual and organizational
learning. On top of these proposals, we developed and here present a software
solution, which has been evaluated through a case study conducted in a large
enterprise context.

Keywords: Knowledge Sharing, Organizational Learning, Ontologies,
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1 Introduction

Goal-oriented and self-directed learning are the predominant forms of adult learning, es-
pecially in workplace settings [12] [14]. Even though learning goals are typically person-
ally defined, they are highly influenced by the overall organizational expectations and
goals, as well as goals of the colleagues a person closely collaborates with (e.g., team-
mates). In addition, learning goals are not preset and immutable. Instead, they tend to
change during the learning process, i.e., to evolve through an individual’s interactions
with others, and their participation in knowledge building and sharing activities [14]. To
make these activities beneficial both for individuals and organizations they work for, em-
ployees should be assisted in the cyclic process of (re-)thinking, defining and attaining
their learning goals. This process often involves making use of and contributing to the
organization’s collective knowledge, where contributions come in diverse forms such as
reflections; annotations (e.g., comments and ratings) of existing resources; and exchange
of ideas and problem solutions within the organization’s social network.

Learning is not an isolated process, but highly social and community centered [22]. It
is about building and maintaining networks through connecting with other, contributing
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knowledge to the network and making use of knowledge shared by other members.
Knowledge sharing has been recognized as the critical part of this process, especially in
workplace learning settings [26]. By sharing their knowledge as well as using the
knowledge shared by others and building on top of it, individuals can improve both their
own knowledge and contribute to the collective organizational knowledge, thus, sup-
porting their individual learning goals as well as organizational expectations. For exam-
ple, an individual's knowledge of a certain topic can be improved by considering and
further reflecting on reviews, comments, and suggestions obtained from peers. This re-
quires that individuals first externalize their knowledge and share it with others. How-
ever, in practice, this is not happening as learning experiences are very rarely written
down and shared [26], whilst well documented learning experiences could serve as very
valuable knowledge objects that could help novices in a certain domain area in setting,
refining and/or attaining their learning goals.

It is very important to indicate that individuals’ contributions often originate from
different systems and tools. For them to be effectively used as a part of the shared or-
ganizational knowledge, they have to be structured, organized and well annotated, so
that they can be (re-)discovered and (re-)used inside organizations or publicly. Social
technologies already provide means that motivate individuals (and partly organiza-
tions) to collaboratively build and share knowledge on the Web. However, they suffer
from the problems of ambiguity in shared meanings and the lack of semantics (e.g., as
simple as synonyms), the lack of coherent categorization schemas, and the needed
time and size of the community in which they will be used [16]. Moreover, current
social technologies are not or are very little context-aware and thus, it is very hard to
provide a systematic harmonization of personal learning experiences with others in
organizations. To address these challenges, here, we propose the use of semantic
technologies. The core part of our solution is a set of ontologies (Sect. 4) that brings
in a structure and attaches the explicit (i.e. machine-‘consumable’) semantics to the
knowledge shared by individuals. Ontologies also add explicit semantics to the data
about individuals’ knowledge building and sharing activities and allow for seamless
integration of this data. Finally, ontologies allow for unambiguous representation of
individual and organizational goals and can facilitate the task of bringing these in line
(e.g., by enabling automatic detection of how close they are to each other and generat-
ing appropriate feedback to both individuals and organizations).

While semantic technologies offer promises of better data management and shar-
ing, it would be naive to expect that the technology alone will solve the problem [19].
Knowledge sharing often does not happen spontaneously and there are numerous in-
hibitors of this process (discussed in Sect. 2). Thus, individuals need to be motivated
to learn, to share knowledge and, in doing so, to follow the organization’s norms and
goals. This is most easily achieved when the individual and organization’s goals are
harmonized [17]. Additionally, adult learners need to be free to direct themselves
[12]. Hence, the organization should just point the directions and expectations and not
impose the behavioral/work models. The individuals should have the freedom to fol-
low the provided suggestions or to choose their own ways of accomplishing the “ne-
gotiated” learning goals. To address these challenges and investigate them, in this pa-
per, we present two services — Personal Learning and Knowledge Management
(PLKM) and Organizational Learning and Knowledge Management (OLKM) — that
we are developing to facilitate and foster learning and knowledge sharing activities
both from personal (PLKM) and organizational (OLKM) perspectives. The former
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service allows individuals to easily share their knowledge and to dynamically reflect
about, define and adapt their learning goals, taking the learning goals of their peers
and the organization into consideration [14]. PLKM facilitates all these activities irre-
spective of the application an employee is using in the given moment. The latter
service (OLKM) allows organizations to (re-)define policies related to knowledge
sharing and more importantly to receive and review the feedback about employees’
knowledge building and sharing activities as well as integrate the newly learned
knowledge into official organizational norms.

2 A Framework for Knowledge Sharing within an Organization

Successful knowledge sharing within an organization depends on the synergy of three
main groups of factors [19]:

e Individual: motivation of individual employees to capture, disseminate, and apply
existing and newly generated knowledge;

e Organizational: organizational structures that facilitate transparent knowledge
flows; a well-communicated and open organizational culture; the organization’s
goals that clearly communicate the benefits of knowledge sharing practices; man-
agers who lead by example and provide clear feedback;

e Technical: software solutions that allow for seamless and ubiquitous knowledge shar-
ing, and facilitate knowledge discovery, (re-)use, and (re-)combination (mash-ups).

Accordingly, in this section, we look at different kinds of individual-level incentives
and inhibitors for knowledge sharing within an organization and how they can be ad-
dressed by appropriate combination of organizational and technical factors. In this
way, we identify a set of factors that we want our tools to support, thus establishing a
framework that directs our work on technical developments.

One major inhibitor of knowledge sharing is employees’ fear that by sharing their
knowledge, they will turn it into a common good and thus lose their expert power and
distinctiveness compared to others [8]. By increasing the visibility of the individuals’
expertise, organizations can counteract the feeling of losing expert power through the
sharing of knowledge. We identify this as Factor 1. Receiving organizational recogni-
tion, positive feedback on the knowledge shared, or feedback on how the knowledge
being shared has helped colleagues or the company, often improves one’s knowledge
sharing self-efficacy [26]. This individual’s self-perception of competency, credibil-
ity, and confidence within organizational contexts, also known as organization-based
self-esteem [18], increases the likelihood that the individual will share his/her knowl-
edge with others (see also Factor 9).

According to Hall [9], people are more willing to share their knowledge if they be-
lieve that doing so is useful, i.e., if they feel that their act of sharing knowledge will
be appreciated by the community and that their knowledge will actually be beneficial
for the community members. This feeling can be induced by providing individuals
with feedback about the usage of the knowledge they imparted with the organization,
so that they can have continuous awareness of their contribution to the shared knowl-
edge. We refer to this as Factor 2.

Related to the previous issue, low awareness of the value that the knowledge pos-
sessed by an individual could have for others, is also cited as one of inhibitors for
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knowledge sharing. This issue is marked as Factor 3 in our framework. This aware-
ness could be raised by having virtual message boards where everyone can post the
kinds of knowledge he/she might need, so that people who possess organizationally
relevant knowledge easily recognize that their knowledge is needed and would be ap-
preciated by others. In addition, by annotating these posts with the topics specific to
the knowledge domain, the task of identifying relevant knowledge sources (either
knowledge objects or people) can be significantly automated (e.g., in the manner done
by Aadwark, http://vark.com/).

Trust is often seen as a necessary precondition for knowledge sharing. This quintes-
sential element of organizational culture refers to employees’ trust that others do not
misuse their knowledge, as well as trust that the knowledge being shared is accurate and
credible. The feeling of trust in the quality of content can be improved by encouraging
employees to comment upon and/or rate knowledge objects they consumed. In other
words, validation of content is done by the community. We refer to this practice as
Factor 4. It would enable others to make more informed decisions when choosing
knowledge objects. Additionally, it can invoke positive competitiveness in individuals,
motivating them to put more effort in externalizing knowledge, so that their contribution
is higher rated. It has been shown [25] that the consumption of shared knowledge, in-
fluences knowledge donating in a positive sense — the more shared knowledge a person
makes use of, the more he or she is willing to also donate knowledge to others. There-
fore, by increasing trust in the knowledge being shared and thus boosting its usage, an
organization implicitly makes a positive impact on knowledge “donation” as well.

The feeling of trust among the members of a community often results from shared
vision [24] (e.g., common goals) and shared language [7] (e.g., similar jargon and
terminology). Accordingly, knowledge sharing can be enhanced through emergent
domain vocabularies — domain vocabularies initially defined by the organization, but
also evolve to accommodate the terminology used by the given community (e.g., a
project team). This is Factor 5 in our framework and can be technically supported
through approaches for merging domain ontologies and collaborative tags [23].

Studies have found that organizational attitudes including job satisfaction and or-
ganizational commitment also foster knowledge sharing [6]. In particular, affective
commitment, which is related to an individual’s identification and involvement with
the organization, is found to be especially relevant for knowledge sharing [25].
Harmonization of personal and organizational goals (Factor 6) can lead to higher
affective commitment, and thus positively influence employees’ knowledge sharing
attitudes and activities.

It is also important for an organization to explicitly state its expectations and norms
regarding knowledge sharing activities as well as to link knowledge sharing to
company goals and values [15]. We recognize such an approach as Factor 7. This is
particularly important as it was shown (e.g., in [11]) that the more time and effort em-
ployees perceive as necessary to codify knowledge in order to share it, the less likely
they are to engage in knowledge sharing activities. The organization’s expectations
regarding knowledge sharing activities are sometimes further emphasized by consid-
ering the employees’ participation in knowledge sharing activities as a criterion of
their performance evaluations (Factor 8). Hence, employees are expected to document
valuable knowledge, share it, as well as use others’ knowledge; all of which to be
considered part of their performance evaluation. This kind of incentive targets
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employees’ extrinsic motivation. However, the organization can also target intrinsic
motivation by stimulating perceived competence (i.e., the feeling of being competent
enough to do a certain task), perceived autonomy and relatedness (i.e., the feeling of
belonging and being connected with others) [20]. We refer to this practice of stimulat-
ing intrinsic motivation as Factor 9.

Having identified some important factors that affect knowledge sharing within an
organization, in the following sections, we introduce concrete software solutions (ser-
vices and ontologies) that we are developing to address some of the challenges these
factors impose.

3 Services for Individual and Organizational Learning

This section introduces two services that, built on the underlying ontologies (de-
scribed in Sect. 4), support knowledge sharing activities within an organization. By
providing a ubiquitous and seamless sharing platform (i.e. facilitating the technical
factors), the Personal Learning and Knowledge Management and Organizational
Learning and Knowledge Management services, respectively aim at stimulating indi-
vidual and organizational factors that affect successful sharing of knowledge in work-
place environments. A summary of these factors can be seen in Table 1.

Table 1. Factors affecting knowledge sharing supported by our proposed software solutions

Factor Description Nature How this factor is addressed with
(incentive/inhibitor) | the proposed software solutions
1 Fear of losing “expert inhibitor PLKM - visibility levels
power”
2 Awareness of utility of incentive PLKM - Feedback forms, OLKM
the shared knowledge - emerging vocabularies/
organzational goals
3 Low awareness of the inhibitor PLKM - sharing problems and
value of one’s knowl- requests for help and/or advice
edge for others
4 Misuse of the shared inhibitor PLKM - quality of the shared
knowledge knowledge
5 Having a shared vision incentive OLKM - adding collaborative
and language tags to domain ontologies
6 Job satisfaction/ organ- incentive OLKM and PLKM — Harmoniza-
izational commitment tion of personal and organizational
goals
7 Organizational expec- incentive OLKM - emerging vocabularies/
tations and norms on organizational goals
knowledge sharing
8 Individuals’ extrinsic incentive OLKM - emerging vocabularies/
motivation organizational goals, knowledge
profiles (initially defined via
OLKM), represented in feedback
forms (provided by PLKM)
9 Individuals’ intrinsic incentive PLKM - feedback regarding
motivation shared knowledge and sharing ac-
tivities
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3.1 Personal Learning and Knowledge Management (PLKM)

The Personal Learning and Knowledge Management (PLKM) service provides an en-
vironment for individuals where they can manage cycles of their learning process
within their daily work activities in an organization. Specifically, they can create and
share their learning goals; participate in learning and knowledge building activities to
achieve these goals; share and document about their learning experiences within
accomplished activities, thus contributing to the collective knowledge in their organi-
zation; and further refine and nurture their personal learning goals. It is important to
notice that PLKM is a ubiquitous software service that can be invoked from any Web-
based application. It aggregates individuals’ distributed data, scattered in different
systems by leveraging the Linked Data principles [2] and our ontologies (Sect. 4).

Managing Personal Learning Goals. A learning process is typically initiated by al-
lowing individuals to define their personal learning goals, harmonized with the goals
of the organization they belong to. Both personal and organizational learning goals
are represented as sets of competences, and modeled via the Competence ontology
(Sect. 4). Considering that defining a commonly accepted characterization of the term
“competence” has been subject of much debate within the research community [21],
here we briefly mention that within the scope of this research competence is consid-
ered to be an individual’s skill related to a certain domain topic (e.g. being able to de-
sign a car seat using the CATIA software), and leave the rest of this discussion out of
the scope of this paper. Following this definition, we initially relied upon the updated
version of Bloom’s taxonomy [3], but are open to its further modifications based on
the specific needs and requirements of the organization, and the context in which it
has to be used. Domain topics describe the domain in-use represented via the respec-
tive domain ontology (Sect. 4). Contrary to conventional competence-based ap-
proaches (e.g. [5]), the personal learning goals are not limited to a set of predefined
organizational goals; they are dynamic, can continuously evolve and change during
knowledge processes. To further support harmonization of individual and organiza-
tional goals, and thus address Factor 6, this module of PLKM allows individuals to
define their goals based not only on their personal goals, but to browse and select
from the available learning goals in the organization, reflecting organizational expec-
tations/goals and the learning goals of their colleagues. For instance, individuals may
want to gain certain competences to be able to better perform the tasks they are re-
sponsible for within a project (based on their organizational roles), or they may wish
to acquire those competences that would make them eligible for a certain promotion
(organizational expectations), or they want to achieve a set of competences that a
competent co-worker has. Further, individuals have an option to track their progress
with respect to the defined learning goals (Fig. 1).

Let’s Share! — Engaging in Knowledge Building and Sharing Activities. Having
defined their personal learning goals, individuals engage in learning and knowledge
building activities toward achieving their goals. PLKM supports individuals in pick-
ing the proper activities by recommending them a set of activities, along with relevant
recommended knowledge objects to perform those activities. Those recommendations
are based on a set of contextual criteria like an individual’s profile and usage behavior
and experiences of previous learners in achieving similar goals. This functionality of
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PLKM is out of the scope of this paper and we do not get into details of how this rec-
ommendation is performed and represented to individuals.

Learning and knowledge building activities can happen in different systems and
applications that individuals interact with during their daily work activities. Utilizing
social-bookmarking approaches, the Let’s Share! module of PLKM provides indi-
viduals with an easy-to-use sharing tool which is easily accessible from diverse appli-
cations users interact with. Being ubiquitously present and available, individuals use
Let’s Share! whenever they intend to document their learning efforts and also to share
their learning experiences and the knowledge gained or produced. Additionally, Let’s
Share! allows users to explicitly define the visibility level of the knowledge being
shared, be it learning goals, activities or experiences, thus addressing Factor 1.

B e et Cvnrvem < e v 11 358

&8 -c o Bl B3 [T B -1[8- e =
e Propect Overview =
Q INtelLEQ services [ X
i Learning (=]
Services: | b -_-_&!J_ B ool Leaming and Knowledge Management =m
[ | B | e reconmeder prevaw s || Asssssment I
o o L — —
sattngs: ©F " Ldll Geals defined by Me: Goals Assigned to Me:
- XVE [ -] * KVS mutzen [~ ]
«Wikimee 0@ 050 @

Tas [ L

Catia moduies
e
serves for encent management « H Level Master level i
a0 re PATONSALON of rerua ;
By Date 2000.04.20
Pedagogical framewo Weight High
For successhul coltaboratve learmin Visddty: Oy Me
Wi Important met ol Tk Iporace  High 12
autoronmy positive feedback bust
framework of activides and process
InBua s well a5 the crganisat
Learning and knowled
Used Learning Resources for Catla modules
From a lechncal poant of view ihe |
contest representation. as wel as | Search:
supporng the - —
G Essentials Blog Post My Organization =
. 0 Lahrbuich Book [T
« Scafiohding of the leaminy
ik b Showing 1 to 2 of 2 entries in

Evaluation framework

The new serdces are valaoated win
actors ress =a

@ v
S0l Evele Of GRS BEVEOment ANANER and SaLason o

Fig. 1. A screenshot of PLKM that allows for individual progress tracking

On the other hand, Let’s Share! also enables users to get notified on the usage of
their shared knowledge by providing individuals with (periodic) visual indicators il-
lustrating the quantity and quality (e.g. average ‘crowd’s opinion’ on a shared knowl-
edge item) of the knowledge that they have shared and, the shared knowledge that
they have used. Addressing Factors 2 and 4, this utility of the PLKM leads to further
motivating individuals in sharing their knowledge and thus, contributing to the collec-
tive knowledge of the organization.

3.2 Organizational Learning and Knowledge Management (OLKM)

The OLKM service establishes the framework where organizational goals and norms
are reflected. The two main modules of this service are discussed in the following.
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Managing Organizational Learning Goals. By allowing for the definition of organ-
izational goals, OLKM builds the structure around which individuals can define their
personal learning goals (addressing Factor 6 together with PLKM). In addition to or-
ganizational goals explicitly defined by managers in terms of competences (Sect. 3.1),
this module of OLKM allows for the discovery of emerging learning goals which can
be learned from personal learning goals defined and shared by individuals and
harmonized with organizational goals. If some personal goals are frequently being de-
fined by members of an organization, the managers might consider them as ‘emerg-
ing’ organizational goals. As can be seen, organizational goals are also dynamic and
can evolve via the contributions of the community members.

Applying Organizational Rules and Expectations. OLKM also provides managers
with tools where they can set organizational rules and configurations such as visibility
of goals or learning activities, or rules applied for achieving certain promotions. Such
regulations further affect the way individuals conduct their learning processes within
the organization, intensifying the harmonization of their personal goals with organiza-
tional goals and expectations. This module of OLKM allows managers to provide in-
dividuals, who had shared their personal learning goals, with feedback on the above
mentioned “emerging” organizational goals, making this utility of OLKM three-
folded: i) by providing feedback to individuals on the usage of their knowledge shar-
ing activities, it supports Factor 2, ii) it makes it explicit to employees that their
knowledge sharing activities are recognized and valued by the organization, and thus
worth devoting time and energy (Factor 7) and iii) it targets individuals’ intrinsic mo-
tivation for knowledge sharing by giving them the feeling of being competent in con-
tributing to the organization’s goals and objectives (Factor 9).

The same process with the individual-organizational goals happens when individu-
als comment on and annotate their shared knowledge. Domain vocabularies of an or-
ganization are initially defined by the managers-in-charge, via this module of OLKM
(and modeled via domain ontologies). However, there might be some terminologies
among the employees which are not initially modeled in the organization’s domain
ontologies, but frequently reflected in the annotations that individuals use to comment
on or tag different shared knowledge objects or activities. Similar to frequently de-
fined personal learning goals, managers also get notified about these collaborative
tags via this component and decide whether to add them to the existing vocabulary of
the organization, thus supporting Factors 2, 5, 7 and 9. Here, we are using an ap-
proach to evolving ontologies based on tag clouds [23].

Additionally, this component provides organizational managers with a tool where
they can create knowledge sharing profiles (e.g. ranging from ‘total consumer’ to ‘to-
tal donator’), which are used in accordance with visual feedback indicators already
discussed in PLKM. Based on individuals’ level of participation in knowledge shar-
ing activities, captured and modeled via the respective underlying ontologies, e.g.
User model, Workflow and Competence ontologies (see Sect. 4), they will receive
(periodic) notifications of their knowledge sharing profiles. These notifications are
represented by the Let’s Share! module in PLKM, while the initial configuration of
the profiles is set through this module of OLKM (thus, supporting Factor 6). Such
type of feedback can also, intrinsically, motivate individuals to contribute to knowl-
edge sharing activities (Factor 9).
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We explained that PLKM allows users to have control over their shared data and
set the visibility level of their sharing activities at the individual level. However, each
organization might have certain rules and policies in terms of sharing organizational
knowledge. To address this issue, OLKM enables managers to set access rights for the
knowledge being shared, e.g. prohibiting sharing of certain types of activities or
knowledge objects used in the context of a certain organizational objective. Thus, this
module of OLKM assures that individuals’ knowledge sharing process is compliant
with the organization’s culture, rules and norms, leading to higher levels of organiza-
tional commitment (supporting Factor 6).

4 Ontologies for Knowledge Sharing

The services presented in the previous section rely on a set of ontologies that provides
a common model for data representation and exchange. Since we have developed this
set of ontologies within the IntelLEO project (http://intelleo.eu/), we named them In-
telLEO ontologies and use this term to refer to them throughout the paper.

4.1 Ontologies for Knowledge Sharing

IntelLEO ontologies are relevant for the presented services as they enable formal rep-
resentation, storage and seamless exchange of data about:

e individuals’ interactions with different and often heterogeneous systems, tools and
services they use in their daily work and learning activities; that is, the ontologies
serve as a common, machine-interpretable, high-level interaction data model;

e individual’s learning experiences (i.e., learning activities and their context),
knowledge being shared as well as different kinds of annotations (tags, comments,
ratings and the like) that capture either personal or community reflections on the
content/knowledge being shared;

e personal learning goals, on one hand, and organizational goals and expectations, on
the other.

In addition, the flexibility offered by ontologies as a knowledge representation tech-
nique allows for seamless integration of individual knowledge into the collective
knowledge of the organization. In particular, one of the main advantages that ontolo-
gies offer is the easy integration of knowledge from different, often dispersed sources
[2]. Hence, they are an excellent means for integrating individuals’ knowledge into
shared, organizational knowledge.

As discussed in Sect. 2, previous research in the knowledge sharing domain has
shown that both employees and managers can benefit from feedback about knowledge
building and sharing activities within the organization. The structure and semantics
that ontologies add to the captured and stored interaction data provide an excellent ba-
sis for the creation of such feedback. Hence, PLKM and OLKM services leverage this
feature of ontologies to offer individuals and managers with relevant feedback and
thus further stimulate knowledge sharing activities.
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Finally, domain-specific ontologies can be used to annotate semantically different
kinds of knowledge being shared, undertaken or planned learning activities, content
that was used or produced. The advantage of semantic annotation (i.e., annotation us-
ing concepts from an appropriate, topic-specific ontology) over the popular tag-based
annotations is that ontology concepts have unambiguously defined semantic accessi-
ble to both humans and machines. It also allows for semantic interlinking (i.e., con-
necting based on meaning) of diverse kinds of components of a learning process (e.g.,
activities, content, knowledge, people). Thus, by leveraging semantic annotations, ad-
vanced search, discovery and recommendation services can be provided to end users.

4.2 IntelLEO Ontologies — A Brief Overview

IntelLEO ontologies have been developed through a combined top-down (review of
existing work in the field) and bottom-up (requirements elicitation) approach. Since a
common and even recommended practice in ontology engineering is to reuse existing
ontologies whenever possible (instead of re-inventing new ones) [2], when designing
the IntelLEO ontologies we heavily relied on the ontologies already available and in
use. Specifically, we leveraged widely accepted and used ontologies for modeling
people and online communities (FOAF, http://xmlns.com/foaf/0.1 and SIOC,
http://rdfs.org/sioc/spec/), ontologies for content annotation (DC, http://purl.org/dc-
/terms/ and CommonTag, http://www.common-tag.org/), as well as some of the
ontologies of the LOCO framework (http://jelenajovanovic.net/LOCO-Analyst-
Nloco.html) for modeling characteristics of learning situations. Also in accordance
with ontology engineering best practices, all the IntelLEO ontologies are designed
with modularity and flexibility in mind so that they can be easily reused and extended.
Here we present just some snippets of these ontologies aimed at illustrating how they
support the PLKM and OLKM services.
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Fig. 2. Using ontologies to represent the context of (a) content sharing activity; (b) content
annotation event
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Fig. 2a' illustrates how we represent data about an individual’s content sharing ac-
tivity. This activity, as any other learning activity, occurs within a specific learning
context, where learning context is defined as a specific learning situation character-
ized by the learning activity that was performed, the learning content that was used
and/or produced, and the learner(s) involved [10]. In the particular case depicted in
Fig. 2a, learning context characterizes a situation where an individual shared a mi-
croblog post with a group (e.g., his team-mates); the post is annotated with one or
more domain topics (i.e., topic from appropriate domain ontologies). The time and the
online environment where the sharing activity occurred are captured as well. Another
example (Fig. 2b) illustrates how we use ontologies to represent data about content
annotation (which is again a kind of knowledge sharing). In this case, learning context
characterizes a situation when an individual, while reading a blog post, highlights cer-
tain parts and adds his comments to it.

Finally, Fig. 3 illustrates how individual and organizational goals are represented
and how they relate to each other. In the upper part of the figure is a representation of
a task, which is a part of the project an individual works on. The task has its prerequi-
sites expressed in terms of the required competence and the required level of that
competence. In the bottom part of the figure is an individual’s learning goal repre-
sented through target competence and target level of that competence. This goal stems
from the missing prerequisites for accomplishing the task and can be either self-
defined (um:PersonalLearningGoal) or set by a manager (um:AssignedLearningGoal).
Project, competence and competence level are “in the middle”, linking the individual
and organizational goals/perspectives.
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Fig. 3. Representation of personal and organizational goals using concepts and properties from
the User Model (um), Competence (cm) and Workflow (wf) ontologies

! To avoid the clutter, we do not present all the concepts and properties that are used for de-
scribing elements of a learning context. The same applies for the other two figures.
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5 Case Study

We have conducted an evaluation of the early prototypes of our services within three
very different application cases. In this section, however, due to page limits, we intro-
duce only one of these application cases. The aim of this section is to express how our
proposed services can be used to address contextual factors affecting knowledge
building and sharing activities inside real-life business cases, thus here we demon-
strate these services assuming their full functionalities. More thorough evaluations,
based on more advanced functionalities of the services, will be conducted by the end
of July 2010.

Enterprise A” is a large enterprise in the automotive industry. Within this organiza-
tion, a small business unit needs to implement an innovative approach to collaborative
learning and knowledge building processes.. The dynamic and competitive nature of
this enterprise makes managing the knowledge process very challenging, especially
for its newcomer employees. As there is no institutional education program for the
type of job undertaken by the business unit, the most important source of expert
knowledge are peers and the knowledge pool generated by related projects. Newcom-
ers have to familiarize themselves with organizational policies and administrative
regulations, cautiously create their learning goals, in line with organizational goals,
pursue learning and knowledge building activities and continuously refine and adjust
their learning goals. On the other hand, more experienced employees are less con-
cerned about getting started with creating and pursuing their learning goals. They are
already familiar with the big picture of how things happen in Enterprise A, and in-
volved in rather time-constrained projects. What matters more for these individuals is
to be able to find the “how-to”s for different problems that they face, as efficiently as
possible. Typical in design environments, there is no preset solution for every prob-
lem, instead, such “how-to”’s are mostly based upon other individuals’ experiences.
Thus, having a rich set of “how-to”’s within the enterprise requires all employees to
actively participate in sharing their knowledge and experiences with the rest of the en-
terprise. A major concern in contributing to the collective knowledge of the organiza-
tion, however, is the motivation of employees to spend their most scarce resource (i.e.
time) on codifying their experiences to be shared (currently they are only shared via
informal, face-to face meetings). To this end, gaining a superior reputation among
other colleagues and even managers, is an important factor that can motivate indi-
viduals within the competitive environment of Enterprise A to expose their expertise,
compensating for the time-consuming task of codifying the conducted activity or ex-
perience into something shareable. In this way, by sharing their experience, the indi-
viduals would not only contribute to the collective knowledge of the organization, but
they would have a chance to improve their skill profiles to “problem-solvers”, while
making their expertise visible among their peers and the management.

IPR issues are also of high concern for both groups of individuals. Due to the very
competitive nature of Enterprise A, all the knowledge within the organization, from
organizational objectives to shared experiences of individuals, is strictly protected and
distributable only if compatible with organization’s complicated privacy policies.
This makes most of the employees preferring to avoid the challenging task of sharing

% Due to privacy and IPR rights, at the moment we refer to this enterprise as Enterprise A.
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knowledge when facing the trade-off between getting involved with verifying organ-
izational policies and gaining some potential reputations within the enterprise.

The project involved five employees with different experience levels and from
different sub-departments in the requirements elicitation via explorative interviews and
focus groups, and two project champions in the evaluation of early prototypes. By in-
volving those employees in this stage of evaluation, we identified the following situa-
tions in which the presented services were considered important and useful for the
organization under study: The personal learning goal management module of the PLKM
software allowed newcomers of Enterprise A to easily initiate and attain their learning
and knowledge sharing processes. As this module is a light-weight semantic-enabled
widget, it can be embedded in any web-based application that individuals use in their
daily work activities, and thus does not put the burden of “learning to work with yet an-
other tool” on them. By means of this module, the newcomers had access to the set of
organizational goals and could see a full description on each goal reflecting organiza-
tional norms and expectations about it (N.B. it is assumed that the initial set of organiza-
tional objectives are previously added to the system via the OLKM software, by a
manager of the enterprise). Here, users also see the prerequisite competences for achiev-
ing each goal and can accordingly adjust their personal learning goals.

It was also noted that, to keep pace with the dynamic changes of the business unit’s
tasks and expertise, the more experienced employees can individually share new
learning goals and competences via the Let’s Share! module. This allows for a con-
tinual adaption and advancement of the departments’ learning goals and competence
development. Let’s Share! of PLKM along with OLKM made knowledge sharing be-
come a very handy activity for the employees of Enterprise A. First of all, OLKM
aids with clarifying the access-rights applying to the knowledge object/activity to be
shared: the visibility levels that individuals can set for the knowledge object /activity
that they want to share, is already filtered based on the access-rights set by the man-
agers via OLKM, thus individuals merely set the visibility level that they desired to
assign to this knowledge and did not have to be concerned about violating any organ-
izational privacy rights. Second, this module is context-aware’, thus it (automatically)
gathers all the contextual information about the knowledge object or activity to be
shared, e.g. the personal learning goal (and the respectively harmonized-with organ-
izational objective) plus the project/task this knowledge has been used within and the
competence-profile of the user sharing it (of course, if the user wishes to share his/her
profile). Thus it makes the time-consuming task of codifying the knowledge as easy
as bookmarking a web-resource. Only a small number of employees produce external
web-resources, but the documentation and externalization of knowledge and experi-
ences is mainly based on the internal wiki-systems as well as the organization’s Intra-
net. Thus, our services help to share internal resources that are relevant for colleagues.
Finally, the feedback provided by Let’s Share! offers individuals with visual indica-
tors on i) how good knowledge-consumers or donators they are and the status of their
“skill-profile” based on the criteria set by managers via the OLKM component, and ii)
comments and annotations on their shared knowledge, reflecting how others think
about their knowledge sharing activities, thus affecting individuals’ intrinsic motiva-
tion to further participate in knowledge sharing activities.

? Due to the page limit, we do not discuss the concept of “context”, or how it is captured here.
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6 Related Work

Improving knowledge sharing within an organization has been the subject of several
research efforts recently, both from the technological and organizational standpoints.
The challenge is to ensure that knowledge sharing is provided within an organiza-
tional context during everyday working process and in working environment.

The APOSDLE EU project aims at enhancing knowledge workers’ productivity by
supporting informal self-directed work-integrated learning in the context of their eve-
ryday work processes [13]. The applied knowledge creation and sharing approach was
based on the reuse of the existing (organizational) knowledge objects (KOs). Addi-
tionally, KOs created during everyday work processes could be tagged, stored and
made available for later (re-)use by other employees. Collaboration among employees
is supported through tools allowing for communication and sharing of the documents
being discussed and marking relevant parts within these documents. It also offers a
space for joint creation and annotation of documents that support the explanation and
further discussion of the concepts being examined.

The TENCompetence Foundation, established to sustain the results of the TEN-
Competence EU project, aims to support and foster lifelong learning through an inte-
grated open source software infrastructure [5]. This infrastructure provides users with
functionalities for creation, storage, search, retrieval, reuse, sharing and quality rating
of knowledge resources. A particularly interesting tool integrated into this infrastruc-
ture is GroupMe! [1]. It combines Web 2.0 and Semantic Web technologies to pro-
vide a personalized content management in a group (social networking) context. By
leveraging Semantic Web technologies, it also allows for integration and sharing of
resources relevant for a group of users.

Within the ACTIVE EU project, semantic technologies are used for addressing
three particular requirements of knowledge workers: the need to share information
easily and effectively; the need to prioritize information relevant to the current task;
and the need to reuse and share information [27]. Specifically, the approach applied in
ACTIVE is to combine formal and informal knowledge, i.e. it investigates how to
provide easier sharing of information through combining the ease-of-use of folkso-
nomies with the richness of formal ontologies.

The MATURE EU project examines how: informal knowledge is developed in or-
ganizations, networks and communities of practice to develop and support the ex-
change of knowledge with support of social software tools [4]. MATURE Knowledge
Services are composite software services concerned with knowledge entities (people,
content and semantic structures). They enable people to add or improve knowledge
contained in knowledge entities or to discover knowledge based on the available
knowledge entities and their relationships.

While all the described projects target knowledge sharing within organizational set-
tings, most of their efforts are put on solving problems of sharing information easily
and effectively, and providing tools for knowledge creation, storage, search, retrieval,
reuse and sharing. However, less attention is paid to the problem of motivating users
for knowledge sharing. In our work we try to go a step further by analyzing incentives
and disincentives for knowledge sharing within organizations and propose appropriate
software solutions to support it.
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7 Conclusion

As our initial evaluation through the case study demonstrates there is a positive attitude
towards the proposed software solution (Sect. 3) for harmonization of personal and or-
ganizational learning by levering the framework for individual and organizational incen-
tives introduced in Sect. 2 and ontologies introduced in Sect. 4. While these results are
encouraging, it is the major direction of our future work to provide more rigorous
evaluation of the overall approach. There have been employees involved in the current
user studies, but the number is not very large as it is difficult to get access to those em-
ployees. So, in general, we want to increase the number of participants involved in the
studied enterprise. In that evaluation, it will be our major goal to investigate how our
software solution supports the perceived value of the factors outlined in Sect. 2. While
qualitative methods like initial questionnaires including open questions and follow-up
semi-structured interviews will help to reveal important details about individual, organ-
izational and technical factors that influence the acceptance and usage of the developed
services, it is a challenging task to identify data collection methods which will allow for
collecting data about more objective variables. In the first iteration planned for the labo-
ratory setting in the studied enterprise A, we plan to ask their employees to complete a
few tasks, and then analyze logs produced in completing those tasks, which will help to
evaluate the learnability and usability of the services, revealing problems, design ideas,
and design gaps.. Moreover, it is our plan to conduct similar evaluations in an SME,
university and professional certification organizations. One important goal will be to
compare how different organizational cultures influence knowledge sharing. Our final
objective is to evaluate how the proposed framework can be extended to allow for
knowledge sharing in an inter-organizational context.

From the semantic technologies perspective, it is clear that many details are not
provided primarily due to the space constraint of this paper. In our future publications,
we are going to report on these issues and provide formalization of our approach.
Moreover, evaluation of the used semantic technologies from both the standard in-
formation retrieval and usability perspectives will be in the core of our work.
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