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ABSTRACT

Today knowledge about competences plays an important role in individual and orga-
nizational efforts to achieve certain goals. Competence management has advanced
from its origin within human resources and nowadays overlaps with related domains
like knowledge management and learning management.

But often it does not take into account that everyday actions can provide valuable
resources for competence management processes. These actions need to be formal-
ized and made actionable through different measurement and aggregation methods.
COMPETENCE COCKPIT, a framework to support different resources and methods for
competence management processes is presented in this thesis.

The framework is based on the content management system Drupal and fulfills
requirements for openness, customizability and modularity to ensure the carrying
out of four core competence management processes: (1) competence identification,
(2) competence measurement, (3) competence development and (4) competence us-
age. It can be used to build specific competence management systems for certain
domains, allowing to focus their development on intrinsically domain specificities.

To achieve this, COMPETENCE COCKPIT can tap into different internal and exter-
nal resources for either competence measurement, development or usage. These re-
sources, managed by the underlying content management system, are used to build
evidences, which subsequently can be used for competence profile calculations. The
methods for competence measurement from different resources and profile calcula-
tion are exchangeable.

Further the framework allows concepts of already existing competence ontolo-
gies to be imported and reused. The customizability and modularity of COMPETENCE

COCKPIT was evaluated by setting up an example system in the university domain,
with domain specific resources and measurement methods as well as by implement-
ing additional modules using the interface opportunities provided by the framework.

Finally ideas and approaches for additional enhancements and future develop-
ment of COMPETENCE COCKPIT are discussed.
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KURZFASSUNG

Heutzutage spielt Wissen über Kompetenzen eine wichtige Rolle diverse Potenzia-
le effektiv zu nutzen. Kompetenzmanagement hat seinen Ursprung im Personalwe-
sen und überschneidet sich inzwischen mit anderen verwandten Bereichen, wie Wis-
sensmanagement und Lernmanagement.

Kompetenzmanagementsysteme ziehen jedoch oft nicht in Betracht, dass alltäg-
liche Aktionen in Beruf und Freizeit als Ressourcen für Kompetenzmanagementpro-
zesse herangezogen werden können. Diese Aktionen müssen für Kompetenzmana-
gement umsetzbar gemacht werden. Dies setzt verschiedene austauschbare Metho-
den zur Kompetenzmessung sowie zur Kompetenzprofilgenerierung voraus.

Diese Arbeit präsentiert ein modulares Framework für Kompetencemanagement,
COMPETENCE COCKPIT, basierend auf dem Content-Management-System Drupal. Es
unterstützt die Prozesse: (1) Kompetenzidentifizierung, (2) Kompetenzmessung,
(3) Kompetenzentwicklung und (4) Kompetenznutzung. Mit Hilfe des Frameworks
lassen sich spezifische Kompetenzmanagementsysteme entwickeln. Das Framework
unterstützt dabei, den Fokus der Entwicklung auf bereichsspezifische Eigenheiten zu
legen.

Um dies zu erreichen, erlaubt es verschiedene Ressourcen als Quelle für die Er-
mittlung und Messung von Kompetenzen zu nutzen. Die so erhobenen Daten tragen
in weiterer Folge zur Berechnung von Kompetenzprofilen bei. Weitere Ressourcen
in Form von Inhalten, welche über Drupal verwaltet werden, können ohne größeren
Aufwand in das System integriert werden.

Die Methoden zur Kompetenzmessung und Kompetenzermittlung, sowie zur Kom-
petenzprofilgenerierung sind austauschbar. Die Modularität und Flexibilität von COM-
PETENCE COCKPIT wurde durch das Aufsetzen eines Beispielsystems im universitären
Bereich evaluiert. Das Framework wurde um mehrere Module erweitert, welche die
angebotenen Schnittstellen des Frameworks nutzen.

Abschließend bietet diese Arbeit Ideen und Ansätze für weitere Verbesserungen
und Entwicklungen des Frameworks.
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INTRODUCTION

Since its introduction, which is credited to McClelland (1973), the term competence
and its use has evolved quickly. Competence-based approaches especially gained
popularity and acceptance within the human resources community (Dubois, Shad-
den, Kaufman, & Brethower, 2000). They play an important role in organizational and
individual efforts to ensure the achievement of strategic goals. Due to their growing
use in different domains a multitude of definitions have advanced in the past. Ta-
ble 1.1 presents a small fraction of them to provide a more complete understanding
of what the term may incorporate.

The primary objective of competence management is the provision of informa-
tion describing competences of different people or groups of people. It can be orga-
nized according to four main kinds of processes (Berio & Harzallah, 2005):

Competence identification: how to represent and design competences?
Competence measurement: when and how to identify and define competences ac-

quired by actors and the relationship between actors and competences?
Competence development: when and how to acquire competences in a planned

way?
Competence usage: how to use acquired and required competences?

The typical competence management system is an information system designed
to support the competence management processes by allowing the storage, retrieval,
identification and distribution of competence data. Also competence management
systems are often integrated into existing organizational systems like knowledge man-
agement systems or learning management systems.
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Especially knowledge management and competence management share a com-
mon trajectory (Baladi, 1999; Hong & Stȧhle, 2005). In addition to assisting human
resource development tasks, competence management systems nowadays also sug-
gest instruments for resource allocation, knowledge management or e-learning sup-
port (Draganidis & Mentzas, 2006). In addition to that, social software features inte-
grated into these systems leverage network effects to motivate the sharing of knowl-
edge and competences (Jiang & He, 2007; Marenzi, Demidova, Nejdl, & Zerr, 2008;
Dorn, Herzog, & Werthner, 2008). For instance Cohen and Prusak (2001) highlight the
potential of highly networked employees to increase productivity and innovation.

In research and practice competence management started at a personal level,
focusing entirely on the individual an its cognitive traits. However it has made a
shift from focusing solely on the individual to also look at other levels (Lindgren,
Henfridsson, & Schultze, 2004; Sanchez, 2003). Competence management gradu-
ally developed into also comprising some form of organizational level competence
management, being either an aggregation of single competences across individu-
als or a concept of collaborative competence embedded in an organization. Terms
like organizational-, group-, core- or strategic-competence came up (Lindgren et al.,
2004; Nonaka & Takeuchi, 1995). The existence of such competence results from the
understanding that the sum is bigger than the accumulating parts. The focus of such
competence lies on shared problem solving ability, inter-personal competences in
terms of fostering group atmosphere and handling of responsibilities. This also in-
volves the active creation of competences and identification of future needs (Prahalad
& Hamel, 2006; Scarbrough, 1998; Lahti, 1999). Recent research in competence de-
velopment emphasizes on the role of inter-organizational relations and their impli-
cations. Concepts like virtual organizations, network competence or relationship
competence evolved and attracted an increasing amount of attention (Sanchez, 2003;
Kokko, Vartiainen, & Lönnblad, 2007).

For identification, representation and design of competences, a shared common
model is needed. When talking about leveraging network effects, this model also
needs to be sharable. Knowledge and competence ontologies provide solutions for
sharing a common understanding within and between different entities. Ontolo-
gies can be thought of a machine-readable controlled vocabulary of concepts. For
instance they can consist of a taxonomy1 of competence term definitions with re-
lations between these terms (Smith, 2003). Subsets of a such a competence term
taxonomy can be attached to content like profiles (Dolog & Schäfer, 2005), learn-
ing objects (Knight, Gasevic, & Richards, 2005) or competence development pro-
grams (Woelk, 2002). Especially competence assignment that comprises a set of in-
stances from the underlying ontology to user controlled profiles is increasingly im-

1 I refer to an ontology as the specification of the characteristics of a domain and to a taxonomy
as a hierarchical classification of entities within a domain.
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portant. Since competences are often hierarchically structured, their representation
with taxonomies seems suitable. Due to possible ontological relations between com-
petences it may also be possible to infer additional knowledge.

Competences are acquired, developed or used all the time, through actions like
the participation in courses, trainings, events, discussions or the creation and con-
sumption of content resources. Competence management systems seldom take such
actions into account for competence management processes. In today’s world there
is a vast amount of data on the web available, which can be thought of a formalization
of such actions, from which knowledge about competences can be derived. Advance-
ments in information extraction can make these knowledge resources actionable for
competence management. For instance there is the possibility to tap into knowledge
markets (e.g. Quora2 or StackExchange3) for competence management processes.
Also information and knowledge lying around in Wikis, Blogs or Microblog services
can be valuable resources. The types of resources on the web where knowledge about
competence data can be derived, seems to be without limits.

There exist some approaches in addition to manual assessment which try to de-
rive competences from resources, like Q&A type resources (Dorn & Hochmeister,
2009) or publications (Rodrigues, Oliveira, & Souza, 2005). However these approaches
often only focus on a single resource type or a specific measurement method. No
holistic or abstract approach to allow the easy integration of different resource types
and measurement methods seems to be available. There’s also the problem that com-
petence management systems seem to be closely tied to a specific group of users (e.g.
HR-department) within an organization, which hinders the adoption of other user
groups and of profile self management approaches (Lindgren, Stenmark, & Ljung-
berg, 2003). Users often have to deal with complicated data entry and updating meth-
ods (Stenmark & Lindgren, 2004). They seem to be not encouraged to enter new data,
use idle resources or transform their actions into resources. Complicated and copi-
ous data input can be a major problem for system participation. Also the develop-
ment of competence management systems is often too closely tied to a legacy system
to which a competence management part was added on, which might have implica-
tions for possible extensions or customizations. Some systems prove to be quite in-
flexible in applying needed changes quickly in today’s networked world (Harzallah,
Berio, & Vernadat, 2005). Competence management has grown into a domain of its
own, with own research being conducted upon. Without enough modularity the in-
tegration and adoption of new research methods into existing systems, which might
be a competitive advantage, can be cumbersome.

Considering the evolvement of competence management system and looking at
the requirements and problem fields identified above the following areas seem cru-

2http://www.quora.com/, 05.03.2011
3http://www.stackexchange.com/, 05.03.2011
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cial for the development of a modern competence management framework:

• For competence identification, a competence model as foundation, represent-
ing the design of competences, needs to be provided. This model needs to
be shareable across different domains and flexible enough to respect different
characteristics of competences.

• Competence measurement, development and usage need to reflect that differ-
ent internal and external resources can be made actionable for these processes.

• These resources can be very different in their nature. A one size fits all approach
to competence measurement can’t be utilized. An interface, being the least
common denominator for assessment has to be developed. Implementations
of this interface can then be applied to appropriate resource types. This may
help the faster adoption of new research methods.

• Profile management is a crucial part of a competence management system.
Users must be put at the helm of profile and identity management. Also profile
management needs to be applicable on different levels (e.g. individual, groups,
network,. . . ). Competence data derived from different resource types needs to
be aggregated and integrated into these competence profiles.

• A system must be flexible and modular, based on open standards to allow fur-
ther extensions and the integration of outside services. Also it must leverage
network effects to help encountering new resources and to give usage incen-
tives.

This thesis focuses on the development of the main entities of such a framework,
called COMPETENCE COCKPIT in the following, and its evaluation and takes the fol-
lowing approach:

1. Identification of a competence model to support core competence manage-
ment processes, (1) competence identification, (2) competence measurement,
(3) competence development and (4) competence usage.

2. Specifications of requirements for a modular architecture to bundle function-
alities derived from this model.

3. Development of a set of modules, logically bundling the identified functionali-
ties, which are based on the above requirements and specifications.

4. Evaluation of the framework through implementing an example system to show-
case the framework’s modularity, extendability and customizability.

Boyatzis (1982) An underlaying characteristic of an employee
(i.e., a motive, trait, skill, aspect of one‘s self-
image, social role, or a body of knowledge)
which results in effective and/or superior per-
formance.
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Zemke (1982) Competency, competencies, competency
models, and competency-based training
are Humpty Dumpty words meaning only
what the definer wants them to mean. The
problem comes not from malice, stupidity or
marketing avarice, but instead from some ba-
sic procedural and philosophical differences
among those racing to define and develop
the concept and to set the model for the way
the rest of us will use competencies in our
day-today efforts.

Scarbrough (1998) Competencies are seen as objects neither
owned by an individual or organization, but
rather a continuous process of production
and reproduction.

Lahti (1999) A competency is a construct, because it is not
directly measurable or observable. It really
only can be proven to exist through indirect
methods. The indirect methods are observing
or measuring indicators of a competency (e.g.
behaviors or attributes that can be readily as-
sessed).

Jackson and Schuler (2003) Skills, knowledge, abilities and other charac-
teristics that someone needs to perform a job
effectively.

Allen (2004) Competency. A specific, identifiable, defin-
able, and measurable knowledge, skill, ability
and/or other deployment-related characteris-
tic (e.g. attitude, behavior, physical ability)
which a human resource might possess and
which is necessary for, or material to, the per-
formance of an activity within a specific busi-
ness context.
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Biesalski and Abecker (2005) Competence is determined by the knowledge-
based and network-driven ability of an agent
and his environment to act alone or with part-
ners, to satisfy indirectly or directly existing
customer requirements optimally. By this sus-
tainable added values are created in a com-
petitive and superior manner.

Schmidt and Kunzmann (2006) Competencies are defined as bundles of work-
relevant skills, knowledge and abilities. Com-
petencies are usually associated with compe-
tency levels to describe different degrees of an
abstract competency type.

Draganidis and Mentzas (2006) . . . competence seems to be typically defined
in terms of, a category, a competency (de-
scriptive name for a competency), a definition
(basic explanation of the competency) and a
demonstrated behavior, which demonstrates
the possession of competency.

Dorn and Pichlmair (2007) Competencies are described as abstractions
of work-relevant human behavior that have
emerged as a promising concept for making
human skills, knowledge and abilities man-
ageable and addressable.

Paquette (2007) Competencies are statements that some-
one, and more generally some resource, can
demonstrate the application of a generic skill
to some knowledge, with a certain degree of
performance.

Table 1.1: Competence definitions

The remainder of this thesis is of the following structure:

Chapter 2
explores literature in the field of competence management systems as well as
systems of related domains like knowledge management and learning manage-
ment. Special focus is given on competence measurement, application scenar-
ios and the use of ontologies. Finally the Drupal content management system
is explored together with some of its usage in research.

6



Chapter 3
defines the underlying competence model and describes it’s entities. A set
of modules and interfaces, connecting these modules, is extracted from the
model. For these modules, requirements are specified and their core functions
are described.

Chapter 4
presents the frameworks’s architecture and design as well as the implementa-
tion of the framework’s modules. Focus lies on re-using and adapting existing
modules, structures and code facilitating the possibilities offered by the un-
derlying content management system. Therefor I also describe the design and
features of other Drupal modules, core or contributed, used for the framework.

Chapter 5
evaluates the competence model and the functionality implemented in the de-
veloped modules. A small competence management system for students is
implemented using the framework. Different evidence types, manageable by
users, are defined. Competence measurement can be done using these evi-
dences as competence resource. Furthermore these evidences can be used to
generate competence profiles, also manageable by users. Additional modules
use interface opportunities provided by the framework. The aim of this system
is to showcase the modularity, extendability and customizability of the frame-
work.

Chapter 6
discusses shortcomings and implications of the implementation. It also fea-
tures ideas and approaches for additional enhancements and further develop-
ment.

7





C
H

A
P

T
E

R

2
STATE OF THE ART

The following section explores literature in the field of competence management sys-
tems as well as systems of related domains like knowledge management system and
learning management systems. Special focus is given on competence measurement,
application scenarios and the use of ontologies. Finally the Drupal content manage-
ment system is explored together with some of its usage in research.

2.1 Competence Management Systems

As already hinted in the introduction competence management shares a common
trajectory with knowledge management. Competences of employees can be seen
as important knowledge assets of an individual or organization. Hence competence
management systems is often integrated into an organization’s knowledge manage-
ment. For instance to aid in finding appropriate individuals for tasks which require
specific knowledge and competences. The same can be said for the learning manage-
ment domain. Thus one can’t look into recent scientific literature about one domain
without glimpsing at the others. Furthermore I look at the use of ontologies as a so-
lution to problems regarding system integration and understanding.

Hong and Stȧhle (2005) identify perspectives on knowledge management and key
conceptual views on organizational competence and its evolution. Their paper intro-
duces an integrated and systemic view of knowledge and competence management
based on the common trajectory both domains shared in recent times and their over-
lapping and compensative interplay. Also it highlights the challenge of managing
such a system towards a self-renewable organization focusing on the task-specific
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functions in an organization. The managerial implication is that in today’s business
world, the key strategy is to facilitate self-renewal as a basic organizational capability.

Berio and Harzallah (2005) identify four main processes of competence manage-
ment: competence identification, competence assessment, competence acquisition
and competence usage. Furthermore they show, how knowledge engineering and
related techniques like using ontologies, learning resources, expert rules or informa-
tion retrieval can support these processes.

Hustad and Munkvold (2005) describe IT-supported competence management
at the global telecommunications company Ericsson. The study highlights the po-
tential role of IT systems for supporting strategic competence management. It also
contributes to knowledge management processes in the form of knowledge networks
and communities of knowing. The study investigates advantages in having global
access to the company’s competence resources in comparison to local competence
management with regards to increase innovation and stimulate learning processes.
However, it also illustrates how the realization of such a system is a challenging ef-
fort. This involves the specification and design of a competence catalog that includes
competence levels covering both global and local needs as well as gaining acceptance
and commitment from employees at various levels.

Lindgren and Stenmark (2002) present an 18-month action case study of the de-
sign, implementation and evaluation of a traditional competence system at Volvo
Information Technology AB in Gothenburg, Sweden. As a result this study presents
five design implications for competence management systems based on interest-
activated technology:

• Action-based competence: search and locate people based on actions they per-
form (e.g. accessing, annotating, bookmarking, creating,. . . ).

• Awareness of communities of interests: promote the establishment of informal
networks and make individuals with similar interests aware of each other.

• Deeper level of personal information: include personal details about the orga-
nizational members and make this data accessible to everyone in the organi-
zation.

• Formal descriptions of competence: link dynamic information, personal de-
tails with formal descriptions of achievements and competences.

• Aggregation of competence data to visualize competence information known
to the system.

Furthermore the study promotes a system with the potential to detect, visualize and
leverage interests of organizational members. It shows how interest-activated tech-
nology can be exploited and developed to support competence management.

Lindgren et al. (2004) investigated competence management in six Swedish orga-
nizations over the period of 30 months. The research consisted of two action research

10



cycles involving numerous data collection strategies, interventions and prototypes.
The result is an integrative model of competence that outlines the interaction be-
tween organizational and individual level competence and the role of technology in
this process. Also it incorporates a life-cycle typology of competence which differen-
tiates between:

• Competence-in-stock; already gained but currently not used competence.
• Competence-in-use; currently used competence.
• Competence-in-the-making; competence which will be the result after a cer-

tain development process.

Liao, Hinkelmann, Abecker, and Sintek (1999) propose a competence knowledge
base system (CKBS) which builds upon an ontology-based model of competence
fields. Its use allows multi-criteria categorization, queries for personal competences,
complex heuristic inferences for finding knowledgeable persons and easy integration
of the CKBS into an overall organizational memory information system.

Draganidis and Mentzas (2006) find that open and semantic standards and self-
service technologies are going to play an increasing role and continue to be inte-
grated into competence management systems. They performed a feature examina-
tion of 22 competence management and 18 learning management systems.

Woelk (2002) describes a system for competence-based learning that uses ontolo-
gies and semantic web services to deliver learning objects to learners in a corporate
environment. It highlights the use of web services based on SOAP, WSDL and UDDI
that have been further augmented with semantic descriptions in an e-learning en-
vironment. This system is able to deliver personalized learning experiences that in-
crease the effectiveness of corporate employees.

Knight et al. (2005) present an ontology based approach of integrating learning
designs and learning objects. Goal is to facilitate reusability of learning designs with
different content. A conceptual model is introduced as an intermediary between
learning designs and learning objects. Ontologies facilitate the representation of
these concepts. Finally the usefulness of the proposed approach is illustrated in three
use cases: finding a teaching method based on domain-related competences, search-
ing for learning designs based on domain-independent competences and creating
user recommendations for both learning objects and learning designs.

Dorn and Pichlmair (2007) present a competence management system for uni-
versities. The system distinguishes competences in knowledge and experience as-
pects. Evidences, being learning objects like examinations, books read by the per-
son, training, assessments, project work or e-learning courses are used to provide
information about existence, sufficiency or level of a competence. They can be seen
as explicit measurement of a competence and alter the characteristic of knowledge
and experience aspects in a competence. The competence of a person is computed

11



by the system at the point of time when it is required and all evidences until this
moment are used for computation. An ontology provides a common vocabulary of
terms for referencing competences and evidence types in the computer science do-
main. Competence profiles are presented in HR-XML format. A gap analysis algo-
rithm determines differences between actual profiles and desired goal profiles used
for further recommendation on courses for a student. Access to profiles can be en-
abled for e.g. recruitment to allow companies to find appropriate candidates for job
vacancies. The data is stored in an encrypted XML data store.

Draganidis, Chamopoulou, and Mentzas (2008) integrate competence manage-
ment, e-learning and an ontology in one prototype-system relying heavily on seman-
tic technologies. They analyzed the system based on the usage scenarios for finding
a best fit employee for a project and a future position skill gap report. RDF-cascading
was identified as a main problem when using a system with deep semantic integra-
tion.

Berlanga, Bitter-Rijpkema, Brouns, Sloep, and Fetter (2009) claim that, in the con-
text of learning networks, personal profiles are important to enhance social interac-
tion and foster user contributions. They analyzed three different popular profile sites
(Facebook1, Myspace2, LinkedIn3) in order to identify the information personal pro-
files should contain and to find out, how to motivate registration and how to stim-
ulate contribution. Their results present people‘s perception regarding the informa-
tion they consider important to get acquainted with members of a social network site
as well as to present themselves to others in such a network. Results show that occu-
pation, interest and expertise are considered important. Also, real name, school, em-
ployer and city are ranked in the top five positions. Number of contacts, hometown,
and the communities the person is participating in, are not perceived as important.

Velardi, Cucchiarelli, and Petit (2007) describe a fully implemented, semantically
indexed competence management system, used to facilitate research collaboration
and coordination. The main highlighted advantages of ontologies are improved in-
formation access and interoperability. The paper gives experimental results to sup-
port these claims. They provide usage data on the competence management system
and data to quantify the added value of semantic search.

In 2007 a competence ontology was introduced at Vienna University of Technol-
ogy (VUT). This competence ontology has been extended and improved over time.
The first iteration of the ontology (Dorn & Pichlmair, 2007) was based on a Ger-
man language taxonomy featuring competences in the information systems domain.
This taxonomy was the result of a student course at VUT. The next iteration featured
an extension for concepts required in job metasearch applications (Dorn, Naz, &

1http://www.facebook.com/, 3.3.2011
2http://www.myspace.com/, 3.3.2011
3http://www.linkedin.com/, 3.3.2011
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Pichlmair, 2007). This system provides solutions for automatic integration of data,
structures and processes into a meta-search-engine with using the modeled domain
ontology and multiple matchers. In 2009 drawbacks and desired extensions were
identified through discussions with people working with and having interest in the
ontology as well taking the needs of related projects like TechScreen (Dorn, Herzog,
& Werthner, 2008) into account. The current version of the ontology can be found on
the web4.

Schmidt and Kunzmann (2006) present a reference ontology for human resource
development, which brings together the disciplines competence management, knowl-
edge management, business process management and technology enhanced work-
place learning. In this conceptualization on the operational and technical level, tech-
nology enhanced workplace learning uses competences to foster learning activities
of individual employees.

Trichet, Bourse, Leclere, and Morin (2004) present a system in which resumes
and job descriptions are annotated with competences from an ontology, providing
a common vocabulary for searching and matching functions in the human resource
domain.

Braun, Kunzmann, and Schmidt (2010) argue that self-service and a bottom-up
process in collaborative competence management provide more timeliness and use-
fulness in comparison to a strict top-down formal approach. They allow an informal
ontology development process embedded into everyday work activities and focus
on ease of use to motivate user contribution. People are tagged with competences,
which then subsequently enter an ontology maturing process containing the steps
collection, consolidation, formalization and axiomatization.

A survey regarding ontology visualization shows that ontologies are predominantly
structured as hierarchies (Katifori, Halatsis, Lepouras, Vassilakis, & Giannopoulou,
2007). However, in many domains, ontologies tend to be quite large and complex,
making them difficult to explore and present (Storey et al., 2001; Crowder et al., 2009).
The visual information seeking mantra approaches the problem of representing large
data with a basic principle, i.e., overview first, zoom and filter, then details on de-
mand (Shneiderman, 1996). When dealing with large unknown data, the concept of
information scents in the form of scented widgets (Willett, Heer, & Agrawala, 2007)
can improve traditional user interface elements, providing users with more context
and helping them in accomplishing tasks.

Breslin et al. (2007) present a conceptual framework for the reuse and interlink-
age of existing, well-established vocabularies in the semantic web. They present rel-
evant properties of the Friend of a Friend5 (FOAF) ontology usable for matching peo-
ple and their skills in social networks. Then they detail the Semantically-Interlinked

4http://www.competencies.at/Ontologies/Competence/Competence.owl
5http://www.foaf-project.org/, 3.3.2011
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Online Communities6 (SIOC) project and methods for identifying relevant discus-
sion topics or individuals. Finally they outline a scenario, combining FOAF, SIOC
and topic classification using Simple Knowledge Organization System7 (SKOS) that
allows to find experts in a domain of interest. In contrast to this rather broad ontolo-
gies, there also exist initiatives, such as the IEEE Reusable Competency Definition8

or HR-XML (Allen, 2004), which try to define broader domain models and schemas.
But they can only be the least common denominator and therefor may lack impor-
tant information in terms of context or expressiveness needed for the description of
complex competence profiles and requirements (De Coi et al., 2007).

2.2 Competence Measurement and Usage

Among the most difficult problems within competence management is the problem
of competence measurement. A measurement must provide a valid comparable rep-
resentation of competences of an actor. When dealt with it in a manual way, which
means that a human actor takes out the measurement process, we can distinguish
between three approaches (Dorn, 2010):

Expert Assessment an assessment by an expert. This type can be tied to certain con-
ditions (e.g. the competence of the expert is better than those of the probands).

Peer Assessment an assessment by peers. This type also can be tied to certain con-
ditions (e.g. peers are of the same competence level as the proband).

Self-Assessment an assessment by the proband itself.

Further investigation must be done whether to use a qualitative approach or a quan-
titative approach for measuring competences (Erpenbeck & Rosenstiel, 2003).

As hinted in the introduction, the web provides an immense amount of knowl-
edge resources which could be used competence management processes. Therefor
advances made in the domains of text-mining, semantic web and information ex-
traction, are gaining popularity within the competence management domain. Also
they are often directly injected into the competence management usage process for
instance for expert finding.

Becerra-Fernandez (2006) presents the role of ontologies and web mining tech-
niques in the construction and maintenance of expert profiles. Her article also dis-
cusses the implementation details of two expertise-locator knowledge management
systems.

Farrell, Lau, Nusser, Wilcox, and Muller (2007) present a system, which allows
users to tag themselves and others with keywords. They show that people-tagging

6http://sioc-project.org/, 3.3.2011
7http://www.w3.org/2004/02/skos/, 3.3.2011
8http://ltsc.ieee.org/wg20/, 3.3.2011
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has the valuable effect of collectively maintaining each other’s interest and expertise
profiles. The authors also conducted a study showing that most of used tags pro-
vide an accurate description of a user’s expertise and interest. Moreover no offensive,
abusive or inappropriate use of the system was discovered. They also used tags as
simple voting system. The more people tag one user with the same tag, the higher
the ranking of this user is, for this specific tag.

(Rodrigues et al., 2005) created a system, which mines researcher’s publications
for important terms by traditional text-mining methods. The relation between terms
and a researcher’s competences, derived from these terms is inputed manually by a
person responsible for that task.

Oliveira et al. (2006) created a scientific knowledge management environment in
which researchers may share data, experiences, ideas, process definitions and ob-
tain all the necessary information to execute their daily tasks. One service of the
system is responsible for user profiling and knowledge matching. It tries to identify
researchers’ interests, profiles and competences. This service provides information
such as searching for users with similar profiles, who might be interesting to contact,
discovering researchers’ competences, suggesting experts to execute a certain activ-
ity and representing researchers’ interests. The system distinguishes competences
according to four categories:

• Declared competences: competences which a researcher declares.
• Project competences: correspond to competences which were the pre-requisite

of a project.
• Extracted competences: recovered from a researcher’s publications using text

mining methods.
• Community competences: collected from the communities in which a researcher

participates or contributes to.

Ehrlich, Lin, and Griffiths-Fisher (2007) find that current systems for finding ex-
perts do not adequately address social implications with regards to the search pro-
cess. Their paper provides a user study of a social-context-aware expertise search
system that can be used to identify experts, see dynamic profile information and get
information about the social distance to an expert. This information can be helpful
in the decision whether and how to initiate contact. The system also infers content
and dynamic social networks from email and chat logs.

The university competence management system described by Dorn and Pichlmair
(2007) is also used by Dorn, Pichlmair, Schimper, and Tellioğlu (2008). They de-
scribe experiences made in a software project management course, capturing and
developing students’ competences relevant in this area. An approach also applica-
ble in commercial software projects. An experiment in measuring competences and
competence enhancement is presented and evaluated. Assessments were done by
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self-assessment, peer-group assessment and assessment by a supervisor and imple-
mented by structured questionnaires.

One usage scenario of TechScreen (Dorn, Herzog, & Werthner, 2008) was imple-
mented and examined by Dorn and Hochmeister (2009). They describe an approach
to mine for competences of users in a social software system. The system was im-
plemented using Drupal, OWL and the Yahoo text mining service. The experiments
were executed by university staff and students, the domain limited to Information
Technology. Assumption is that sharing knowledge about a certain domain might
be evidence for a certain degree of competence in this area. Competence calcula-
tion is done by collecting all content of a user, creating term lists, looking up the
terms in an ontology and assigning them to a specific competence area. Using this
methodology, competence profiles, represented in a taxonomic structure were gen-
erated and compared with the self-assessment of participating users. Building upon
this scenario Daxböck and Hochmeister (2011) present an integrated user interface
that supports users during competence self-assessment and that facilitates a clear
presentation of a competence profile. User interface elements for competence on-
tology navigation, competence assessment and competence profile representation
were introduced.

Colucci, Di Noia, Di Sciascio, Donini, and Ragone (2007) propose an ontology
based system facilitating knowledge elicitation and extraction of core competencies
automatically on company level. The system deals with the automatic clustering
of companies in knowledge classes according to the competence they hold. They
show that a company may extract its core competences and locate itself in a clustered
knowledge network. The extracted competences may belong to different knowledge
fields. The automation of competence extraction instead of manual annotation also
allows the discovery of neglected or hidden skills relative to different branches.

Sieg, Mobasher, and Burke (2007) present an approach to personalized search
that involves building models of user context as ontological profiles by assigning
implicitly derived interest scores to existing ontology concepts. It uses a spreading
activation algorithm to maintain the interest scores based on the user’s ongoing be-
havior. The experiments in this paper show that re-ranking results based on the in-
terest scores and the semantic evidence in an ontological user profile is effective for
obtaining the most relevant results.

2.3 Drupal

The following section explores and describes the current state9 of the Drupal content
management system as well as its application in the scientific field.

9By the time of publication of this thesis a new major version of Drupal will be available rendering
some information in this section out-of-date.
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Drupal is a highly modular, extensible, standards-compliant, open source web
content management framework, written in PHP. It’s design separates cleanly be-
tween content management and content presentation. It can be used on different
combinations of operating systems, relational databases and servers.

Drupal’s core is a lightweight framework responsible for handling content-, user-
and session-management, url-aliasing, localization, templating, syndication and log-
ging along with a set of common library functions. It also features a low-level database
API providing security and code portability across different databases. The core acts
as a glue layer to stick together modules and is designed to provide a uniform method
of extending Drupal. Modules can be woven together to create a robust feature set
without copious amounts of code. Figure 2.1 provides a graphical overview of the
Drupal architecture. A Drupal site can consist of three kinds of modules:

Core modules : ship with Drupal and are approved by the core developers.
Contributed modules : were written and shared by the Drupal community.
Custom modules : were created by the developer of a specific website.

Drupal makes use of the inversion of control design pattern, in which module
functionality is registered and called at the appropriate time. These opportunities
for modules to run their code are called hooks, which can be thought of as internal
Drupal events. Hooks are implemented by functions prefixing a unique hook name
with the module name implementing the hook. Therefor more than one module can
implement a hook. Drupal examines all of the currently enabled modules, looking
for functions that follow specific, predefined patterns. When it finds such functions
it executes them, and uses the data these functions return to build a response. Hooks
can be invoked directly in a specific module, which returns a single value, or all hooks
of a certain name can be invoked in all modules implementing this hook, which re-
turns an array of return values.

Nodes
A node can be thought of as an arbitrary piece of content (other main pieces
in Drupal are blocks, comments and users). The module responsible for node
handling is a core module in Drupal. By default, a node simply holds a title
and an optional body field. Nodes are the main units of information available
for display in Drupal. A node can be thought of as a generic data object stored
within the Drupal managed database. For this object Drupal provides a con-
sistent API for access, expansion and storage. A node also contains a basic set
of behavioral properties (e.g. a node-ID, workflow status, title,. . . ) and a set of
local action tasks (e.g. edit, view, publish,. . . ). Drupal separates different types
of nodes into content types and allows adding different content types as well
as role-based access management based for these types.
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Figure 2.1: Drupal architecture

Content Construction Kit Content Construction Kit (CCK) is a group of modules
that allows the definition of different content types for the creation of a site’s
content nodes. Without these provided mechanisms, one would have to store
all data in a content type’s body property. CKK assists in the creation of new
fields for content types enabling a user to easily draw down a creation form,
placing all of the content type’s fields in one place. Fields consist of a field type
and a widget.

The base install of CCK comes with a number of field types (text, integer, node-
reference,. . . ). Field types are not restricted to a single piece of data represen-
tation. For instance, one could collect text data through a text-field, text-area,
a drop-down-menu, etc. Also, once you have defined a field type for a spe-
cific content type, CCK makes it easy to simply add that field type to different
content types. Field can be encapsulated in their own modules. There exists a
recommended path of implementing additional CCK fields in Drupal10,11:

1. Implement the CCK field in a Drupal module. Use (module_name).info
file for general information, (module_name).install file for creating and
removing the field’s database schema and system variables and for regis-
tering the field with CCK and Drupal. The remaining functionality goes
into the (module_name).module file.

10http://www.poplarware.com/articles/cck_field_module/, 3.3.2011
11http://www.lullabot.com/articles/creating-custom-cck-fields/,

3.3.2011
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2. Define the field by implementing some Drupal core and CCK hooks that
tell CCK about the field. These hooks are responsible for storage of field
data, the field settings form, the definition of default values and the man-
agement of empty values.

3. Define one or more widgets. A widget is the name CKK uses for a form,
used to edit the field.

4. Define one or more formatters with accompanying theme functions for
the field. These are responsible for the actual data rendering.

CCK further provides greater control over the storage and theming mechanism.
It creates a database schema that can easily be used by other modules allow-
ing richer integration and further separation of content from presentation by
allowing different visualizations through widgets for the same content field.
A widget is a special piece of field data that is dependent on the field type.
Widgets can be of different shapes (e.g. drop-down-lists, autocompletion-text-
fields, tables,. . . ). Breaking down a node’s content into pieces of fields also pro-
motes performance through better caching and better data integrity. CCK’s ba-
sic feature set not only greatly increases the flexibility of Drupal’s standard node
structure. It also features an API adding the ability to create new fields or field
representations (aka widgets) programmatically by introducing new modules.

Taxonomy
Drupal also comes with a taxonomy module that classifies content. Vocabular-
ies consist of a collection of terms. A term is a label that will be applied to a
node. Drupal adds a level of abstraction to all terms that are entered and refers
to them internally by a numeric system-wide unique ID, not by name. Also syn-
onyms, related terms and hierarchical relationships through an adjacency list
model are supported.

Users, Roles and Permissions
User records are maintained by a user object type. User data is stored in a
database and drawn out during processing. Information about a user is used
for purposes such as authentication, determining preferences and permissions,
logging and defining the ownership of nodes. Permissions are closely linked to
the user object. Drupal provides a role-based mechanism for granting permis-
sions to collections of users. In a nutshell, a user belongs to a role and permis-
sions are granted to or revoked from a role. Using additional modules, permis-
sions can be tweaked down to the level of tasks allowed on a node’s content field
for a role, which further enhances the granularity of the permissions system.
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Drupal in Research

Corlosquet, Delbru, Clark, Polleres, and Decker (2009) present a system based on
Drupal that enables site administrators to export their site content model and data
to the Web of Data without requiring extensive knowledge on semantic web tech-
nologies. The modules present a number of extensions to Drupal that enable the
exposure of site content as Linked Data and likewise allow the aggregation and reuse
of existing RDF data from the Web:

• The RDF/CCK module auto-exports the content model of a Drupal site to an
ontology and enables the exposure of a Drupal site’s content as RDFa annota-
tions.

• The EVOC module links to existing properties and classes from other semantic
web vocabularies by subclass/sub-property relations and offers search func-
tionality for commonly used vocabulary terms.

• The RDF/SPARQL Endpoint module exposes a SPARQL endpoint on the site
data without additional configuration steps.

• The RDF/SPARQL Proxy module allows to dynamically load data into the site
and displays this data using a lazy loading strategy for minimizing delays in the
user experience.

All four modules offer possibilities to create networked web applications and push
forward further population of the Web of Data by significantly lowering entry barriers
for a larger user community.

Peacock (2009) makes the case that Drupal is ideally equipped to be used as a base
system for creating a custom social networking site similar to the likes of Facebook or
MySpace, especially for niche social networking web sites that can help to promote
businesses, products, projects, and hobbies of any nature. The book begins with the
fundamental concepts of a Social Networking site, and how Drupal can be used to
create such a site. It then goes through installing and expanding the out-of-the-box
Drupal feature set with third-party modules designed for Social Networking. Finally
it looks at security, deploying, execution and maintenance of the social networks im-
plemented with Drupal.

Drupal also builds the basis of the TechScreen usage scenario described by Dorn
and Hochmeister (2009) as well as the proposed user interface for competence self-
assessment presented by Daxböck and Hochmeister (2011). An example web search
will reveal that Drupal, because of its flexibility, is used for a lot of other purposes in
wide range of domains including knowledge-, learning- and competence manage-
ment.
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3
REQUIREMENTS

This section defines the underlying competence model of COMPETENCE COCKPIT and
describes its entities. A set of modules, logically bundling functionalities derived
from the model, and interfaces, connecting these modules, is extracted from the
model. For these modules, requirements are specified and their core functions are
described. Also requirements for the foundation of the framework are presented.

3.1 Competence Model

The following section describes the entities of the competence model used for COM-
PETENCE COCKPIT. They are based on the ideas presented by Dorn and Pichlmair
(2007); Dorn et al. (2007); Dorn and Hochmeister (2009). These entities are used to
carry out the processes of competence management: (1) competence identification,
(2) competence measurement, (3) competence development and (4) competence us-
age. Evidences and competence profiles are the main resources to accomplish these
processes.

Actor
is a uniquely identifiable user in the system (e.g. an individual, a group of peo-
ple, a whole organization,. . . )

Competence
is the capability of an actor required to perform certain professional activities
with a degree of performance. A competence is defined by a name and can be
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measured for certain characteristics (e.g. theoretical knowledge, practical ex-
perience,. . . ). In the following this characteristics will be referred to as compe-
tence values. These competence values lie within a normalized range describ-
ing percentages between 0 and 100. Ranges can be partitioned and mapped
to qualitative scales of mutually exclusive levels (e.g. Basic/Advanced/Expert,
Elementary/Intermediate/Advanced,. . . ). A Competence can have parental re-
lations to other competences, forming a competence taxonomy ranging from
specific to more general competence concepts.

Evidence
is a measurement for the characteristics of a set of competences. They are used
to capture information to prove the existence, sufficiency, level or possible de-
velopment of a set of competences. They are based on arbitrary content types
(e.g. reports, test results, evaluations, certifications,. . . ), which are annotated
with a set of competences and their corresponding characteristics. In the fol-
lowing these types will be called evidence types. The measurement can be of
different methods (e.g. self-assessment, peer-assessment, automatic compe-
tence mining,. . . ), which are tailored to the underlying content type. A mea-
surement can be triggered by an actor. Every evidence is linked to an actor, to
whose competence profile the evidence contributes.

Competence Profile
a profile is a structured representation of competences together with their re-
spective values linked to an actor. The structured representation is derived
from an aggregation considering all evidences linked to this actor for compe-
tence calculation. This aggregation is based on a specific and exchangeable
algorithm. Furthermore we can distinguish between acquired and required
competence profiles, which serve different purposes:

Acquired Profiles
specify accomplishments (in terms of competences) of an actor. These
are typically used in order to show or prove that competences have been
acquired.

Required Profiles
specify requirements (in terms of competences) to be fulfilled. These can
be used for job descriptions, program prerequisites or team-building needs.

Figure 3.1 provides a graphical overview of the entities and their relationships.
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Figure 3.1: Competence model

3.2 System Requirements

Different methods for competence measurement, mining and competence profile
aggregation, respecting different characteristics of competences have to be provided.
Data, in the form of evidences and profiles, is used as resources for competence man-
agement. This data has to be stored and managed by an underlying system. A clear
separation between data and data representation is needed. Also the system must be
able to link data to existing ontology entities to support semantic integration. This
integration shall foster comparability and context awareness.

Roles and permissions must provide fine-grained access control. Questions, who
uses what parts of the system in which way, have to be answered, so that users are
motivated in using the system without compromising privacy and protection to ad-
vocate trust and strengthen data validity. Such a permission model must be able to
be tuned down to the smallest entities for every action to every building part of the
system. The user interface needs to be unobtrusive, clear, responsive, functional and
task based in order to allow easy and fast maintenance of data.

In order to decrease learning and development efforts put into the framework,
it should be based on an already existing system, which fulfills the above stated re-
quirements

3.3 Module Requirements

This section bundles functional requirements derived from the competence model
(Figure 3.1) for different areas. The functions are used to support the core processes
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of competence management: (1) competence identification, (2) competence mea-
surement, (3) competence development and (4) competence usage. The require-
ments are bundled in the following way:

Storage
requirements regarding the underlying storage mechanism using a relational
database.

Ontology
requirements for managing and importing a competence ontology.

Competence measurement
requirements for the interface, responsible for annotating content with compe-
tence data to build evidences. The interface will be called Competence Broker
in the following.

Competence aggregation
requirements for the interface which is responsible for the aggregation of com-
petence data based on evidences to generate an acquired competence profile.
This interface will be called Competence Aggregator in the following.

Evidences
requirements to allow the administration and management of evidences.

Competence Profiles
competence profile management is a crucial part of an actor’s identity man-
agement. This section defines requirements allowing a maximum of control
over the content of an actor’s profile.

COMPETENCE COCKPIT deals with competence management on an individual level.
Therefor in the following the term user will be used instead of actor. Regarding dif-
ferent types of actors, the system however should be designed to be customizable
enough to also provide competence management processes on other levels (e.g. group,
network, organizational,. . . ). A user performing an action below is referred to as a
user of a certain role containing the permissions to perform this action.

3.4 Storage

The database design of the underlying foundation has to be reused as widely as pos-
sible. It has to able to store information about content, content metadata, users,
roles, permissions and action logging. The system must provide separate tables for
storing competence data. Current and historical data must be distinguishable. Fur-
ther separation must be done between current competence profile data and evidence
competence data. The system has to provide a simple API for database operations to
allow the development of add-ons. This for instance allows tracking changes in com-
petence data on the database level for analysis purposes.
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Ontology

The framework has to provide management and import functionality for compe-
tence ontology concepts. Different file formats for the ontology need to be sup-
ported (e.g. Turtle, N3, RDF/XML,. . . ). The location of the ontology could either be
the web or a local file uploaded to the server. Also the entry point in the ontology
needs to specify-able. The module responsible for importing must be easily extend-
able through sub-modules responsible for specific concept imports (e.g. competence
term taxonomy, value partitions, competence characteristics,. . . ). As a minimal re-
quirement a competence term taxonomy needs to be imported. Vocabulary man-
agement tasks, like adding, updating, deleting terms or defining term taxonomies
have to be provided. No syncing from the system to the ontology will be done. No
update, delete or 2-way-sync functionality will be implemented, since referentially
triggered action clauses may pose problems and lead to unpredictable results. Other
ontology management tasks are completely separated from the system and shall be
done by applications designed for such a task (e.g. Protégé1).

Competence Measurement

The main function of a Competence Broker is the provision of an interface between
content and a competence term taxonomy. The interface has to be designed to work
with arbitrary resource types, so that they can access all content available for iden-
tifying competences to build an evidence. Within a Competence Broker the compe-
tence term taxonomy as well as the competence characteristics this broker uses have
to be customizable and default to global variables. A user interface, which hooks it-
self into an evidence’s edit form allows to access the broker’s functions. An example
implementation of this interface, providing a user interface for adding competences
through assessment has to be given. This user interface also needs to take the prob-
lem of taxonomy navigation and value assignment into account. Since assessments,
in the form of self-, peer- or expert assessments are a widely used approach for com-
petence measurement, next to automatic competence mining, an unobtrusive, fast
and accurate assessment process is of special importance.

Competence Aggregation

Competence Aggregator provides an interface between evidences and competence
profiles. It uses the competence data provided by evidences to generates a compe-
tence profile. Within an aggregator the competence term taxonomy as well as the
competence characteristics the aggregator uses have to be customizable and default

1http://protege.stanford.edu/, 05.03.2011
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to global variables. The implementation must allow easy recalculation. The user in-
terface, which triggers the aggregation algorithm has to hook itself into the edit form
of a competence profile content type. An example implementation of this interface,
providing a simple aggregation algorithm has to be given.

3.5 Evidences

Users must be able to define different evidence types. These types may contain arbi-
trary data as well as metadata fields like (e.g. tags, likes, ratings,. . . ). At least one data
field must contain competence data and another field must reference the compe-
tence profile an evidence contributes to. It must be choosable, whether an evidence
will be used for calculation in a competence profile or not. This allows to manage
evidences for other users too.

Within the definition of the competence data field the competence term taxon-
omy and the Competence Broker have to be customizable and default to global vari-
ables. Moreover the representation of competence data must be exchangeable. De-
fault is a tabular style representation with basic sorting and filter functionality. Users
must be able to update the competence data by calling the defined Competence Bro-
ker on demand.

Furthermore every evidence type must be manageable by users through create,
update and delete operations. The number of instances of a specific evidence type for
a user can be limited. Evidences can be made accessible to authorized users. Search
and filter techniques shall allow a sufficient level of search and retrieval functionality
for evidences within the system.

3.6 Competence Profiles

Strong identity and profile management including personal competence profile man-
agement is one of central functions of COMPETENCE COCKPIT. System use must be
motivated by easy access methods, less restrictions and ease of use, to provide as
much information as they want. Privacy concerns have to be taken into account by
providing a fine grained role based access system.

Users must be able to define a competence profile. This profile has to include at
least a data field with competence profile data. Within the definition of this field the
competence term taxonomy and the Competence Aggregator have to be customizable
and default to global variables. Moreover the data representation of the competence
profile must be exchangeable (e.g. profile diagrams, radar charts, iconic represen-
tations, knowledge maps, mind maps,. . . ) and made exportable to different output
formats (e.g. JSON,HR-XML,. . . ). Default is a tabular style profile representation with
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basic sorting and filter functionality. Also a set of links referencing initial evidence
creation forms must be definable. This should give the user an incentive to create a
profile and an initial number of evidences on account creation.

Users must be able to update their competence profile on demand. The up-
dated profile must reflect all underlying changes in a user’s evidences according to
the Competence Aggregator used. The competence profile representation must be
sortable and contain filter elements as well as provide links to the evidences, which
contribute to a competence’s values.

Users must also be able to distinguish between required profiles and acquired
profiles. Competence profiles can be made accessible to authorized users. Addi-
tionally profiles can be expanded by arbitrary data fields to provide a more detailed
description. Search and filter techniques shall allow a sufficient level of search and
retrieval functionality for competence profile data (e.g. for expert finding).

Roles and Permissions

All functionality described above has to abide by a fine-grained system of roles and
permissions. Users hold roles. Roles contain permissions which correspond to ac-
tions users are allowed to or omitted to perform. Permissions are defined for ev-
ery action in the system on a user, content and field level. Every additional mod-
ule, which performs actions not corresponding to these levels must implement ad-
ditional permissions accordingly. A set of predefined roles showcasing different per-
missions on different levels has to be implemented.
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4
DESIGN

This section presents the framework’s architecture and design as well as the imple-
mentation of the COMPETENCE COCKPIT1 modules. Also it describes the underlying
Drupal system and its use within the framework.

4.1 Architecture

A web content management system, Drupal2, was chosen as foundation for devel-
opment. Content management systems usually provide an extendable architecture.
Modules can connected by using interfaces and APIs. Content management systems,
as their names suggests, aid in flexible management of content. They are designed to
allow a large number of people to contribute and share data and allow granular ac-
cess control to content. Also they provide a clear distinction between data and data
representation as well as incorporate semantic- and social software technologies in
an easy way.

Drupal was chosen because of its modularity and sophisticated content and con-
tent type management. Content derived from internal or external resources must be
used for competence management processes. Such content is seen as evidence for a
certain set of competences an actor possesses or develops. These evidences are sub-
sequently used to generate competence profiles, which again can be seen as man-

1Module source code, distributed under the MIT license, can be found at github.com/
johdax/competence_cockpit

2http://www.drupal.org/, 05.03.2011
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ageable content. Users are put in control of evidence content, competence profile
content and the methods for measurement and aggregation,

Competence data, needed for measurement, comes from the competence term
taxonomy of a competence ontology. Drupal also features mechanism for managing
lightweight taxonomies. Figure 4.1 shows the framework’s architecture. As already
mentioned, to reuse as much functionality from Drupal as possible, evidence and
competence profiles are based on Drupal content types. What distinguishes them
from other content types is a special data field for competence data in a content type
representing evidences and a special data field for competence profile data in a con-
tent type representing competence profiles. To allow as much flexibility as possible
and adhere to the Drupal way of assuring modularity these fields are implemented in
their own dedicated CCK based modules Competences and Competence Profile.

Since Competence Broker and Competence Aggregator are only interfaces respon-
sible for competence measurement and competence aggregation I provide a sam-
ple implementation for each interface. One Competence Broker implementation is
a user interface, which can be used for self-, peer- or expert-assessment. The pro-
vided Competence Aggregator implementation is a simple algorithm for competence
aggregation through the calculation of the mean values of each competence value
annotated to published evidences.

The Ontology Importer is a module responsible for importing concepts from an
existing competence ontology into Drupal. It’s most important task is the import of a
competence term taxonomy into the Drupal taxonomy system through its own sub-
module.

As mentioned above COMPETENCE COCKPIT consists of a set of custom modules
making use of functionality provided by Drupal core and especially by the CKK set
of modules. I make heavy use of the CCK API to define two special fields for storing
competence data and competence profile data. Related to these two modules is a set
of accompanying modules responsible for competence mining, competence assess-
ment, competence profile aggregation and ontology mapping.

4.2 Ontology Importer

This module provides one-way mapping from an ontology to Drupal data structures.
It uses ARC3, a flexible RDF system for the semantic web written in PHP. Main func-
tion of the module is to parse an ontology in different formats (N-Triples, RDF/XML,
Turtle) from a definable point of entry. These concepts will then be imported into
Drupal. Ontologies can be stored in a local or remote file system. The module fea-
tures its own hook system and hooks itself into the Drupal site configuration.

3http://arc.semsol.org/, 05.03.2011
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Figure 4.1: System architecture

Sub-modules implement the specific ontology entity import. A sub-module achieves
this by implementing the (ontology_entity)_importer_option hook, which tells the
Ontology Importer about its functionality. Sub-modules implementing the (ontol-
ogy_entity)_importer_option hook, will be added to the options of a drop-down-list.
Upon selecting a sub-module through this element, a sub-form, defined by the sub-
module, will be added dynamically to the Ontology Importer’s main form. Based
on this form, the sub-module also defines appropriate validation and submit hooks,
which deal with the actual Ontology Importer form validation and submission based
on the chosen sub-module. Listing 4.1 shows the basic skeleton of such an Ontology
Importer sub-module.

An example implementation of such a sub-module is the Competence Taxonomy
Importer sub-module for importing a competence term taxonomy into a Drupal tax-
onomy. It features a sub-form to choose the vocabulary name for the taxonomy to
import as well as the ontology entry point. Figure 4.2 depicts the Ontology Importer
user interface using the Competence Taxonomy Importer sub-module.

4.3 Competences

This module implements a CCK field for handling competence data. Instead of ded-
icating one field per competence, all competence data is stored in one field in serial-
ized form. This field can be used to annotate content nodes with competence data
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// r e g i s t e r ontology e n t i t y importer with Ontology Importer module
function example_importer_ontology_entity_importer_option ( ) {

return array ( ’ additional_importer_form ’ => ’ Ontology e n t i t y importer ’ ) ;
}

// return Drupal Form API form for importer
function entity_importer_form ( ) {

. . .
return $form ;

}

// v al i d a te additional form
function example_importer_form_form_validation ( $form_state ) {

. . .
}

// do something with form
function example_importer_form_submit ( $form_state ) {

. . .
// parse ontology , do actual import

}

Listing 4.1: Basic skeleton of an Ontology Importer sub-module

Figure 4.2: Ontology Importer module
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building evidences. First data structures used are described followed by implemen-
tation details. In the implementation, hooks of interest are chosen and described.
The section concludes with a thorough description of the rendering function for the
CKK field.

Data Structures

This module, although implementing a CCK field, does not rely on CCK for its table
management. Drupal uses an inconsistent data structure for CCK fields: if a field
is only present in one content type, it’s stored in a content_type_(type_name) table
as a column. But if it’s shared across multiple content types, it moves to its own
content_field_(field_name) column. Per default this behavior would store all compe-
tence data for a specific node in serialized form in only one database field. Instead of
using the default method, data is broken down to a per competence level and stored
in a dedicated table called competences_data (Figure 4.3). This table contains:

• A reference to the node this field belongs to.
• A reference to the term, which describes the competence.
• Columns prefixed with value_(value_name), where value_name refers to a hu-

man readable name describing the competence characteristics). Per default
value_practical and value_theoretical are used.
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competences (array)

tid (int)

name (string)

parents (array)

parent_tid (int)

parent_name (string)

values (array)

value_theoretical (int)
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Figure 4.3: Data structures used in the Competences module

The database schema, especially the part containing the competence values is
used to define the possible competence values throughout the system. This is done
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in order to strengthen system consistency. Other modules could change the value
names in this schema through the Drupal Schema API, which provides API functions
for creating, dropping, and changing tables, columns, keys, and indexes. Additional
competence or competence related values can easily be added using also the Drupal
Schema API either directly altering the code in competences.install (Listing 4.2) or
using the functions db_add_field, db_change_field and db_drop_field. Only require-
ment is that the column names must be prefixed with value_. If applicable, Compe-
tence Brokers and Competence Aggregators need to to be made aware of additional
values. Every following operation on competence data will iterate over the column
names in this table containing the prefix value_.

function competences_schema ( ) {
$schema [ ’ competences_data ’ ] = array (

. . .
// other database columns
. . .
’ value_pract ical ’ => array (

’ type ’ => ’ i n t ’ ,
’ s i z e ’ => ’ t iny ’ ,
’ unsigned ’ => true ,
’ default ’ => −1,
) ,

// add new value
’ value_new ’ => array (

’ type ’ => ’ i n t ’ ,
’ s i z e ’ => ’ t iny ’ ,
’ unsigned ’ => true ,
’ default ’ => −1,

)
) ;
return $schema ;

}

Listing 4.2: Adding values in competence.install

Internally the data obtained from the competences_data table for a specific node
is used in serialized and unserialized form as a nested associative array. Competence
data is joined with additional term data (competence name and, if available, parent
terms) from the taxonomy module where the competence term taxonomy is stored
(Figure 4.3).

Implementation Details

In (competences).install Drupal core hooks are implemented, in a way that the field
will be properly added and removed from Drupal and CCK. These hooks tell Drupal
to let CCK handle the process through its content_notify function. They also handle
the creation and removal of the database schema (Figure 4.3a) as well as the defini-
tion of global variable defaults for the vocabulary containing the competence terms
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and the default Competence Broker to use. The function (competences)_field_settings
tells CCK about the settings for this field. This is a sort of catch-all hook for CCK, with
several operations. The form operation is used to inform CCK about the form for
choosing the competence term taxonomy and the Competence Broker to use. If the
module finds a suitable default variable for these settings, it will default the form ele-
ments to it. If the Competence Broker features its own settings form, it will be injected
into the field’s settings form on selection of the Competence Broker in a drop-down-
list (Figure 4.7a). The function (competences)_field tells CCK what to do, in case the
field is loaded from or saved to the database or in case the field is deleted. The data
structure defined in Figure 4.3b will be composed on loading data from the compe-
tences_data table and decomposed when inserting or updating to the database. The
appropriate functions are invoked in the following three different hooks:

• hook_competences_insert
• hook_competences_update
• hook_competences_delete

By implementing these hooks for database operations, other modules can hook into
the system on the storage level when dealing with competence data (e.g. loggers,
dashboards, warehousing,. . . ). All three hooks take the same arguments as input:

• An associative array describing the table row to process with as much data
columns as possible. (Figure 4.3a)

• A string describing the module invoking the hook.
• A string describing the operation performed (insert, update, delete), to assist

possible data analysis later on.

The function (competences)_generate implements a hook defined by the contributed
Devel module, which allows the generation of random data for a field. This imple-
mentation of the hook generates random competence data based on the ontology
vocabulary to use. This data can be used for testing purposes.

A widget normally defines a default form used to edit a field. This module omits
this widget and delegates it to the defined Competence Broker module. The func-
tion (competences)_elements returns an associative array from a callback function,
containing data about the Competence Broker, the competence term taxonomy, the
current value (serialized competence data) and the widget theme function.

In order for the Competences field to be properly indexed the "update index" op-
eration is intercepted. Every time a Drupal maintenance task updates the index with
new node data, a special function is called, searching the published node for up-
dated competence data. It then subsequently adds this competence term to the in-
dex. Each competence name will be associated with the node as well as the user
authoring the node.

35



Rendering

A theme function, enveloping a CCK data item is needed to display the widget. Such
function defines how the widget looks through different formatters. A default for-
matter responsible for rendering field data is provided.

In this section the presentation component is a conventional table. Because of
the little expressiveness of the competence term taxonomy, a hierarchical approach
for profile presentation using a HTML table element as a foundation is used. Each
row represents a certain competence. Figure 4.4 depicts the Competences field’s ren-
dering. Each row represents a certain competence.

sort by columnfilter table

show competence concept path competence valueshierarchy information

Figure 4.4: A sample Competences CKK field

The theme functions incorporate the ideas of the presentation component intro-
duced by Daxböck and Hochmeister (2011). A standard HTML table with additional
custom HTML-5 data attributes for each respective column is used and enhanced
using Javascript. It consists of the following columns from left to right (Figure 4.4):

Tree By using hierarchical visual cues, the intensity of background color in each first
column of a table row is adapted according to how deep a concept resides in the
ontology. A tooltip at the left border of each line shows the path in the ontology
leading to the concept in reverse order. In order to distinguish two succeeding
items on the same level but with different top levels, the two rows are separated
with a small gap in this column.

Name The full competence term name.
Values Every competence characteristic is represented by a circled number in this

column.

Users also have the ability to personalize their competence profile table by filtering
and sorting options. Hence, at the table top, a text-box allowing a user to filter rows
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which contain a certain string in the full path of a competence. Furthermore, each of
the columns in the table provides ascending and descending sorting capability.

The implementation of benefits from using CCK, in that next to the default ta-
ble representation it also allows other visualizations (e.g. Space-Trees, Hyperbolic-
Trees,. . . ) through new widgets and rendering functions to be used. These can be
capsuled in their own modules.

4.4 Competence Profile

The Competence Profile module implements a CCK field for storing competence pro-
file information. It can be used to implement a content-type representing a com-
petence profile. To very large parts it is similar to the Competences CCK field. The
reason for providing an own module, is to encapsulate and differentiate evidence
competence data from competence profile competence data. Competence profile
data also needs additional information about the evidences used to calculate a cer-
tain competence in the profile. This module differs in the following points from the
Competences module:

Database
The database schema contains an additional integer field holding the number
of evidences, which were used by the Competence Aggregator to calculate the
competence values in the respective table row. Instead calculating this num-
ber on the fly, it is stored in the table to support and possibly speed up certain
competence calculation algorithms. Also the internal data structure contains
an array storing the ids and names of evidences (Figure 4.5b). Database opera-
tions will be done by implementing hooks for inserting, updating and deleting
competences in the profile. This again allows other modules to integrate into
the field on database level. The appropriate functions are implemented in the
three different hooks:

1. hook_competence_profile_competence_insert
2. hook_competence_profile_competence_update
3. hook_competence_profile_competence_delete

Each hook also invokes a special event telling the Rules4 module that a spe-
cific user has just added, updated or deleted a certain competence with certain
values. These events can be exploited by the Rules module to trigger certain
events (e.g. automatic role assignment, automatic permission assignment,. . . ).

4http://www.drupal.org/project/rules/, 02.04.2011

37

http://www.drupal.org/project/rules/


evidence_count 
competence_tid (FK)

nid (FK)

*

type (FK)
uid (FK)

status
created

changed

(profile) node

nid

vid (FK)
name

description

term_data

tid

parent

relates to

competence_profile_data

value_* 

belongs to

1

1

x

name (FK)
pass
mail

*

user

uid

belongs to1

(a) Database design

competence_profile (array)

tid (int)

name (string)

parents (array)

parent_tid (int)

parent_name (string)

values (array)

value_theoretical (int)

value_practical (int)

evidences (array)

nid (int) ➔ name (string)

(b) Data structure

Figure 4.5: Data structures used in the Competence Profile module

Settings
The form argument of (competence_profile)_field_settings tells CCK not only
about the competence term taxonomy but also about the Competence Aggre-
gator to use. If the module finds a suitable default variable for these settings, it
will default the form elements to them. If the Competence Aggregator features
its own settings form, it will be injected into the field’s settings form on selecting
the Competence Aggregator in a drop-down-list (Figure 4.7b). Also choosable is
a set of evidence types. The creation of these types is recommended to a user
on an empty competence profile.

Rendering
Competence profile data is also rendered per default as table, similar to Fig-
ure 4.3. It features additional elements like:

• The "Recalculate profile" button on top of the competence table. Clicking
on this button invokes the competence calculation algorithm defined in
the field’s settings, recalculates and dynamically updates the profile using
Javascript.

• Additional links to motivate the creation of certain evidence types.
• An additional column to provide evidence information. The column fea-

tures a dynamical drop-down-list, containing the names of evidences used
to calculate this competence’s values. Clicking on an entry in the drop
down list will redirect to the evidence. Next to the drop down list is the
number of evidences used to calculate this competence’s values. This
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number will also be used to sort the table on this column.

An overview of the competence table rendering can be seen in Figure 4.6.

recalculate profile on demand link to evidence type(s)
(only on empty profile)

show evidences and their contribution 
to competence's values

evidence count

Figure 4.6: A sample Competence Profile CKK field

Again it should be noted that the implementation as CCK field allows different
representation for the same underlying data through new widgets and rendering func-
tions. Possible common representations for competence profiles could be Radar-
Diagrams, Star-Models or different kinds of tree representations (Space-trees, Hyper-
bolic trees,. . . ). These could easily be capsuled in their own respective modules.

Profile export

Export of competence profile data is an important function of the framework. Dif-
ferent export formats are possible, per default a content type containing the Compe-

injected setting form 
from assessment

(a) Competences

llinks to evidence creation 
shown on competence profile

(b) Competence Profile

Figure 4.7: CCK field settings
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tence Profile field can be exported into a serialized PHP-representation of the profile
data. However other export formats can easily be added by implementing the ap-
propriate hooks for providing a textual description about the export format and for
dealing with the actual export function. The export format is choose-able in the Dru-
pal system settings. Listing 4.3 shows the structure of a simple additional exporter.

// implementation of hook_profile_export_format
function example_export_profile_export_format ( ) {

return array ( ’ example_export ’ => ’ example_format ’ ) ;
}

//implemenation of hook_profile_export
function json_export_profi le_export ( $node ) {

// competence data data from db
$competence_data = db_query ( "SELECT * FROM ( { competence_profile_data } p INNER JOIN { term_data } t

ON p . competence_tid = t . t i d ) INNER JOIN { node } n ON p . nid = n . nid WHERE p . nid = %d" , $node−>
nid ) ;

// return in export−format
return export_format_do ( $competence_data , $node ) ;

}

// actual transformation into export format
function export_format_do ( $competence_data , $node ) {

. . .
// actual transformation algorithm
. . .

}

Listing 4.3: Basic skeleton of an example Profile Exporter

4.5 Competence Broker

Competence Broker is the name for the editing widget of the Competences module. It
is implemented through the competence_broker hook and an optional broker_options
hook. Figure 4.8 shows how a competence_broker hook integrates into the edit forms
of an evidence node.

A typical Competence Broker implementation contains:

• A settings form, which will be injected into the settings form of the Competences
CKK field.

• An interface for the competence annotation, implemented by the broker taking
an evidence’s content as input if needed. This interface is added to the field
edit form of an evidence (e.g. manual measurement by assessment, automatic
competence mining,. . . ).

• A method to add the competence data gathered to the Competences CKK field.
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Figure 4.8: Competences field and Competence Broker integration

Listing 4.4 shows the basic skeleton of a Competence Broker. In the following an ex-
ample implementation of a Competence Broker, a user interface which can be used
for self-, peer- or expert-assessment, is described.

Assessment

This module introduces user interface elements that consist of the following compo-
nents:

• A navigation component allowing a user to navigate through the competence
term taxonomy in order to find a desired competence term.

• An interface element for assigning defined values to a selected competence
term.

• Functions to interconnect the competence table with the assessment user in-
terface.

Competence taxonomy navigation

Connected drop-down-lists are used in this module as means of navigation for the
competence term taxonomy. Conventional drop-down-lists, showing all available
competence terms, are cumbersome for navigation purpose since they do not main-
tain enough overview over hierarchies. To solve this shortcoming, connected drop-
down-lists limit the number of elements to one hierarchy level per drop-down-list.
When a user selects a competence term from the list, another drop-down-list will
pop up including all child terms from the selected competence above (Figure 4.9).
Selecting the option "choose..." causes the lower drop-down-lists to disappear.
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// callback function for adding competence data
function example_broker_menu ( ) {

$items [ ’ broker_add_competences ’ ] = array (
’ page callback ’ => ’ broker_add_competences_js ’ ,
’ access arguments ’ => array ( ’ access content ’ ) ,
’ type ’ => MENU_CALLBACK,

) ;
return $items ;

}

// button invoking the broker
// implementation of hook_competence_broker
function example_broker_competence_broker ( $competences_form ) {

$form [ ’ group_competences ’ ] [ ’ example_broker ’ ] = array (
’ #type ’ => ’ submit ’ ,
’ #value ’ => t ( ’ Invoke Broker ’ ) ,
’ #ahah ’ => array (

’ path ’ => ’ broker_add_competences ’ ,
’ wrapper ’ => ’ competence_table_wrapper ’ ,
’method ’ => ’ replace ’ ,
’ e f f e c t ’ => ’ fade ’ ,
) ,

) ;
return $form ;

}

// Drupal Form API form for Competence Broker options
// implemention of hook_broker_options
function example_broker_broker_options ( $value=NULL) {

. . .
// define form with options
. . .
return $form ;

}

// callback function
// add competences to Competences f i e l d
function broker_add_competences_js ( ) {

// get the form
$form_state = array ( ’ storage ’ => NULL, ’ submitted ’ => FALSE) ;
$form_build_id = $_POST[ ’ form_build_id ’ ] ;
$form_cache = form_get_cache ( $form_build_id , $form_state ) ;

// get ontology
$ontology = search_value_by_key ( $form_cache [ ’ # f i e l d _ i n f o ’ ] , ’ competence_ontology ’ ) ;

// use $form_cache [ ’ d a t a _ f i e l d ’ ] to get data from form
// use user_load ( ) and node_load ( ) function with respective IDs to load additional

modules for competence mining
. . .
// get competences
$competences = get_competences ( $form_data $ontology ) ;
. . .
// return updated form
$output = ahah_render ( $form , ’ competence_table_wrapper ’ ) ;
return drupal_json ( array ( ’ data ’ => $output , ’ status ’ => TRUE) ) ;

}

Listing 4.4: Basic skeleton of an example Competence Broker
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Figure 4.9: Competence term selection and competence value assignment

Competence value assignment

For presentation and modification of competence values, I utilize an adapted graph-
ical element called bullet graph (Few, 2006) as foundation and enhance this element
to serve the purpose of competence assessment (Figure 4.10). Basically, the bullet

qualitative scale with 
color encoded rangesvalue label

value slider element quantiative scale

Figure 4.10: Adapted bullet graph for competence assessment

graph consists of a content box including colored ranges representing a qualitative
scale, a quantitative scale and a bar reflecting the value. This element is made inter-
active by enabling a user to drag the value bar to a desired level. A user might also
click directly into the content box and the bar will move to this point. On the top of
the bullet graph additional labels describe the qualitative scale.
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Connected user interface

The assessment navigation component and competences table widget are displayed
within the same view as illustrated by Figure 4.9. Therefo the user can search for
competences, assess competences and refer to the competence table in one single
view. This integrated view adds additional context to the user interface. Moreover,
the user interface elements and the competence presentation table are connected as
well. Thus, clicking on a table row causes the navigation component to refresh and
show the selected competence with its respective values. Recently updated compe-
tences in the competence table are highlighted. Adding, updating and deleting are
done without page reload utilizing AJAX methods. The competence field is updated
locally and stored back to the database on saving the node containing this field.

4.6 Competence Aggregator

Competence Aggregator is the name for the editing widget of the Competence Profile
module. It is implemented through the competence_aggregator hook and an optional
aggregator_options hook. Figure 4.11 shows how a Competence Aggregator hooks into
the edit form of a competence profile node.

competence profile field

*_fields

view edit
competence aggregator

profile content type 

evidence

self-assessment peer-assessmentcourse

is_a

Figure 4.11: Competence Profile field and Competence Aggregator integration

A typical Competence Aggregator implementation contains:

• A settings form for an aggregator, which will be injected into the settings form
of the Competence Profile field.

• An interface providing a method to calculate competences from a user’s pub-
lished evidences taking their competence data as source.

• A method to incorporate the competence profile data to the competence pro-
file CKK field representation.
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Listing 4.5 shows the basic skeleton of a Competence Aggregator. Following is a sam-
ple implementation of a Competence Aggregator, which calculates the mean values
over all competences stored in a user’s evidences.

Mean Aggregator

This module implements the competence_aggregator hook. It is used to calculate
mean values over all competences, stored in evidences of a certain user. The algo-
rithm workflow is as follows:

1. Invoke the calculation algorithm by clicking the "Recalculate profile" button.
2. The algorithm loops over all competence data stored for published evidences

for a certain user. Then it calculates the mean of each respective competence
value.

3. The result of this calculation is transformed to an array structure described in
Figure 4.5b.

4. The transformed array is then added to the Competence Profile field.

It must be noted, that this is just an example implementation, which aim is to show
how to build a Competence Aggregator. Therefor the actual aggregation process is de-
batable. This simple calculation is used to test the system’s functionality. This thesis
won’t go into the details of more complex competence aggregation and competence
profile calculation. This should be left to further enhancements and additional mod-
ules based on the framework.

In addition to the described functionality, COMPETENCE COCKPIT relies on Dru-
pal for taxonomy-, content-, user-, role-, permission- and view-management. This
functionality is described in great detail in respective books dealing with Drupal (e.g.
(Butcher, 2008; Miles & Miles, 2010; VanDyk, 2008)) and the Drupal website5. There-
for descriptions of these functions are omitted in this thesis. However their use in an
example system for the evaluation purpose of COMPETENCE COCKPIT is portrayed in
the next chapter.

5http://www.drupal.org/, 05.03.2011
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// callback function for competence aggregation into a competence p r o f i l e
function example_aggregator_menu ( ) {

$items [ ’ aggregator_calculate_competences ’ ] = array (
’ page callback ’ => ’ aggregator_calculate_competences_js ’ ,
’ access arguments ’ => array ( ’ access content ’ ) ,
’ type ’ => MENU_CALLBACK,

) ;
return $items ;

}

// define button for competence aggregation
// implementation of hook_competence_aggregator
function example_aggregator_competence_aggregator ( $competences_form ) {

$form [ ’ aggregate_competences ’ ] [ ’ example_aggregator ’ ] = array (
’ #type ’ => ’ submit ’ ,
’ #value ’ => t ( ’ Recalculate P r o f i l e ’ ) ,
’ #ahah ’ => array (

’ path ’ => ’ aggregator_calculate_competences ’ ,
’ wrapper ’ => ’ competence_profile_table_wrapper ’ ,
’method ’ => ’ replace ’ ,
’ e f f e c t ’ => ’ fade ’ ,

) ,
) ;
. . .
return $form ;

}

// Drupal Form API form for Competence Aggregator options
// implemention of hook_aggregator_options
function example_aggregator_aggregator_options ( $value=NULL) {

. . .
// define form with options
. . .
return $form ;

}

// callback function
// mine competences from node and return updated competences
function aggregator_calculate_competences_js ( ) {

// get the form
$form_state = array ( ’ storage ’ => NULL, ’ submitted ’ => FALSE) ;
$form_build_id = $_POST[ ’ form_build_id ’ ] ;
$form_cache = form_get_cache ( $form_build_id , $form_state ) ;

// get competence p r o f i l e owner/ user
$uid = $form_cache [ ’ uid ’ ] [ ’ #value ’ ]

// use user_load ( ) and node_load ( ) function with respective IDs to load additional nodes for
competence aggregator

. . .
// get competences
$competences = calculate_competences ( $data , $uid ) ;
. . .
// return updated form
$output = ahah_render ( $form , ’ competence_table_wrapper ’ ) ;
return drupal_json ( array ( ’ data ’ => $output , ’ status ’ => TRUE) ) ;

}

Listing 4.5: Basic skeleton of an example Competence Aggregator
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EVALUATION

In order to prove that COMPETENCE COCKPIT features the claimed customizability
and extendability and that a content management system provides a solid founda-
tion for supporting competence identification, assessment, development and usage,
I set up an example competence management system in the university domain. A
common approach of developing a specific competence management system would
be the following:

1. Design underlying system in Drupal
2. Design competence ontology (terms, characteristics)
3. Define and create content/evidence types
4. Develop and link Competence Brokers for evidence types
5. Define and create content/profile type
6. Develop and link Competence Aggregator for profile type

The system uses the modules described in chapter 4, defines roles and permis-
sions, provides example evidences types with different Competence Brokers as well
as a content type for competence profiles. Furthermore the user interface takes the
defined roles into account and provides access to the management functions for dif-
ferent content types. Additional modules were developed and paths, how to enhance
and extend the system further, are shown. The VUT competence ontology provides
the base concepts, like the competence term taxonomy to use. The following sec-
tions give a detailed overview of the entities of this evaluation system, as well as its
possible extensions.
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5.1 Preface

The system is built using Drupal 6.20 together with MySQL 5.0.45 and PHP 5.1.6. In
addition to the core modules and the modules described in chapter 4 it uses the fol-
lowing contributed modules:

• Menu1: allows administrators to customize the site navigation menu. It is used
to build the top-level navigation menu.

• Taxonomy2: enables the categorization of content. It is used for the adminis-
tration of the imported competence term taxonomy.

• Content 3 : allows administrators to define new content types. It is used to
define evidence types and competence profile types.

• Content permissions 3 : sets content-level permissions for CCK fields. It is used
to allow operations on a content type level for different roles.

• Field permissions4: sets field-level permissions to allow or omit action on CCK
fields for a content type. This granularity allows different fields of the same
node to be used by different roles.

• The following are CKK fields used in the evidence and competence profile types.

– Text 3 : defines CKK text field types.
– Number 3 : defines CCK numeric field types.
– Option Widgets 3 : defines CKK selection-, checkbox- and radio-button

widgets for text and numeric fields.
– User Reference 3 : defines a CCK field type for referencing nodes in a field.
– Date5: defines CCK date/time fields and widgets.

• Automatic Node-Titles6: allows hiding the content title field and automatic title
creation. It is used for evidence and competence profile type title generation to
ensure unique and user allocatable title names.

• Publish Content7: adds a link to publish and unpublish a node on the node
edit/view pages and if enabled in the views listings containing this node. Set-
ting the publishing status of evidences is important, in that only published ev-
idences will be used for competence calculation.

• Content Profile8: uses content types for user profiles. Used to link a compe-
tence profile type to a user.

1http://drupal.org/documentation/modules/menu/, 06.03.2011
2http://drupal.org/documentation/modules/taxonomy/, 06.03.2011
3http://drupal.org/project/cck/, 06.03.2011
4http://drupal.org/project/field_permissions/, 06.03.2011
5http://drupal.org/project/date/, 06.03.2011
6http://drupal.org/project/auto_nodetitle/, 06.03.2011
7http://drupal.org/project/publishcontent/, 06.03.2011
8drupal.org/project/content_profile/, 06.03.2011

48

http://drupal.org/documentation/modules/menu/
http://drupal.org/documentation/modules/taxonomy/
http://drupal.org/project/cck/
http://drupal.org/project/field_permissions/
http://drupal.org/project/date/
http://drupal.org/project/auto_nodetitle/
http://drupal.org/project/publishcontent/
drupal.org/project/content_profile/


• Views/Views UI9: creates customized lists of content based on database queries
defined by the Views UI. Used to create listings of different evidence types.

For this system I rely on the default competence characteristics theoretical knowl-
edge and practical experience level, which in the following will be referred to as the-
oretical and practical value. No additional competence values are added in this eval-
uation system.

5.2 Roles and Permissions

Every user in the system can hold several roles. Per default Drupal knows the roles
authenticated user and anonymous user. A visitor to the site changes his/her status
from an anonymous user to an authenticated one by logging into the system. Per
default no content is visible to an anonymous user of the system. Every authenticated
user has the permissions to manage its own competence profile, self-assessment and
articles. That means, an authenticated user can create, update, delete, publish and
unpublish its authored content. In addition to the Drupal default roles the following
roles are added.

Peer assessor is allowed to peer assess other users. The user will be the author of a
peer-assessment, not the proband. No preconditions for holding certain com-
petence values are given for this role.

Student can manage course content, where the user field of this content references
the user of that role. Students are not allowed to add competence data to a
course’s content.

Lecturer is allowed to manage course content, where the lecturer field references
the user of that role. In addition to that lecturers can add competence data to
courses where they are referenced in the lecturer field.

Administrator is allowed to manage content types, to import entities of a compe-
tence ontology and to administer taxonomies, roles, permissions and users.

The following list gives a description of each permission in the system. Table 5.1 gives
an overview of these permissions granted to each role.

• Modules: install and administer additional COMPETENCE COCKPIT modules.
• Users: add, update, delete user profile information.
• Ontology import: import ontology concepts (e.g. competence term taxonomy

or value partition).
• Competence term taxonomy: add,update,delete terms in the competence term

taxonomy.

9http://drupal.org/project/views/, 06.03.2011
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• Content types: add,update,delete new content types. This includes adding
fields and field settings.

• Menus/Views: add,update,delete new menu items and views/listings of nodes.
• Course(1): (un)publish,add,update,delete courses.
• Course(2): (un)publish and add competence data to courses.
• Articles: (un)publish,add,update,delete articles including the invocation of com-

petence mining.
• Self-assessment: publish and perform or update self-assessment.
• Peer-assessment(1): (un)publish and perform updates on peer-assessment for

other users.
• Peer-assessment(2): (un)publish peer-assessment given by other users for the

currently logged in user.
• Job profiles: (un)publish,add,update,delete job profiles including adding com-

petence data.
• Competence profile: (un)publish and recalculate a competence profile.
• Profile export: export a competence profile to a defined export format.
• Search: search for content and users.

an
o

n
ym

o
u

s
u

se
r

au
th

en
ti

ca
te

d
u

se
r

ad
m

in

p
ee

r
as

se
ss

o
r

st
u

d
en

t

le
ct

u
re

r

Modules x
Users x

Ontology import x
Competence term taxonomy x

Content types x
Menus/Views x

Course(1) x
Course(2) x

Articles x
Self-assessment x

Peer-assessment(1) x
Peer-assessment(2) x
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Job profiles x
Competence profile x

Profile export x x x x x
Search x x x x x

Table 5.1: Roles and Permissions

Possible enhancements to the roles and permission system could be done by using
the Rules module. This module and its integration with the Competence Profile mod-
ule allows building rules, where actions (e.g. adding a role to a user) can be based on
certain events (e.g. user holds a competence value greater than a specific value). An
example use would be adding an expert role to users if a certain competence value
is above a defined threshold, which will subsequently allow this expert to conduct
an assessment, which could be valued higher in a specific Competence Aggregator,
which is aware of expert assessments.

5.3 Ontology Importer

An administrator can import parts of an ontology into a Drupal vocabulary. The com-
petence term taxonomy of the current competence ontology at VUT is imported into
a Drupal vocabulary keeping the hierarchical information of the competence terms
intact. Figure 4.2 depicts the Ontology Importer user interface using the Competence
Taxonomy Importer sub-module for importing a competence term taxonomy into a
Drupal taxonomy. Figure 5.2 shows a small fraction of the resulting imported taxon-
omy.

Value Partition Importer

Furthermore to show the extendability of the Ontology Importer a second sub-module
was implemented for importing a competence value partition from the VUT ontol-
ogy. It features a sub-form to choose the ontology entry point for defining the value
partition as well as a text field for defining range borders for this partition. This
is a comma separated list of at least 2 values starting with 0 and ending with 100.
This is necessary because COMPETENCE COCKPIT maps qualitative to quantitative
names, describing a certain range within 0 to 100. The VUT ontology mentioned
above doesn’t know such a mapping as of writing this thesis. The value partition
and its respective ranges are used to update respective system variables. Figure 5.1
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depicts the Ontology Importer user interface using the Value Partition Importer sub-
module for importing a value partition to a Drupal variable.

Figure 5.1: Value Partition Importer

Figure 5.2: Imported competence term taxonomy

5.4 Evidence Types

Evidences are Drupal content types containing the Competences field among other
content fields. Only admins are allowed to access the user interface for content type
management. Figure 5.5 shows snapshots of this interface responsible for adding and
editing content types (Figure 5.5a, Figure 5.5b) together with their respective fields
(Figure 5.5c). Users access functions for creating, updating, deleting and publishing
content by using two hierarchies of navigation. The top level navigation hierarchy is
divided into the sections View, Create and Profile (Figure 5.4):
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View provides access to listings of specific content types. If only a single content
node of a specific type is available, it links to this content node. Views consist
of a tabular listing with a link to a specific content node, the possibility to set
a content’s publication status as well as, depending on the content type, other
columns. Figure 5.3 depicts the view of a user’s peer-assessment for a proband.

Create provides access to the pages responsible for the creation of a specific evi-
dence type.

Profile provides access to a user’s competence profile. If missing, it creates a com-
petence profile on first use. Also the Logout-Button is located in this section.

Figure 5.3: Peer-assessment view

The second-level navigation is located at top of each content node’s form element.
Depending on a user’s permission it allows to toggle between the View and Edit views
of a content node as well as to publish or unpublish a node. Additional access to
functions such as saving, deleting or more specifically competence mining or com-
petence calculation are provided directly in the content node’s form. Figure 5.4 shows
a snapshot of both navigation levels. A more detailed description of each evidence
type will be given in the next sections.

top level navigation

second level navigation

Figure 5.4: Top level and second level navigation
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(a) Evidence types

(b) Content type (Self-assessment) edit

(c) Content type (Self-assessment) fields

Figure 5.5: Administer content types user interface
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Article

An article is a content type containing a title, a body and competences field. It uses
the Simple Miner module to extract competence data from the content’s body field.
Competence mining is invoked on demand by clicking on the "Mine competences"
button.

Simple Miner

The module introduces a method to mine competences from an evidence’s content
by implementing the competence_broker hook. The mining algorithm itself uses the
OpenCalais10 web service, which ingests unstructured text and uses natural language
processing technologies to return results identifying entities within this text. The
basic workflow of this module is the following:

1. Invoke the mining algorithm by clicking the "Mine Competences" button.
2. The evidence’s textual content is aggregated and preprocessed by stripping un-

necessary items and by rewriting problematic characters.
3. The OpenCalais term extraction service is invoked taking the textual represen-

tation as input.
4. The OpenCalais term extraction service returns a result of extracted terms, in-

cluding a relevance score for each term.
5. The XML-formatted result list is transformed to a PHP-array.
6. Each term in the result array is compared with a string similarity measure to

each item in the competence term taxonomy. If a term is similar to a taxon-
omy term, the relevance score will be the value for all competence values for
this competence and the competence term name will be added, together with
values and parents information to an array described in Figure 4.3b.

7. The resulting array is added to the Competences field in serialized form and as
table representation.

It must be noted that this implementation is just an example. It however can be used
as starting point for research into more advanced mining algorithms! Transforming
the term relevance to a competence of the article author is debatable and shows only
how a mining algorithm could be implemented using Competence Broker. Figure 5.6
shows the process of using the Simple Miner module, whereas Figure 5.7 depicts a
basic example of a resulting article node after competence mining.

10http://www.opencalais.com/,10.04.2011
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Figure 5.6: Simple Miner process

Figure 5.7: Article example and mined competences
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Course

A course is a content type containing information about a university course and the
grade a user can obtain from this course. In addition to this grade a course can be
annotated with competence data by a lecturer. If this is the case and the course node
is published, a course evidence can be used for the competence development pro-
cess. The content type consists of the field’s title, name, student, lecturer, grade, date,
competences. This content type comes in different shapes depending on the roles a
user holds (lecturer, student).

• The title field is auto-generated with the following format [name],[student],[date]
(e.g. "Knowledge Management, Hubert Paul, 10.03.2009").

• The name field contains the course’s name in a text field.
• The student field contains a reference to a student, who registered for this course.

For the lecturer role this field is choosable. For the student role it is fixed to the
student’s name. If created by a lecturer, the course will show up in the Courses
list of the chosen student, accessible under the View section of the top menu.

• The lecturer field contains a reference to the course lecturer. For the student
role this field is choosable. For the lecturer role it is fixed to the student’s name.
If created by a student, the course will show up in the Courses (lectured) list of
the chosen lecturer, accessible under the View section of the top menu.

• On content creation, allowed values for this drop-down-list can be defined. For
this example system I chose the traditional Austrian grading system (1-5 / ex-
cellent, good, satisfactory, sufficient, unsatisfactory). The value for this field is
only choosable by the lecturer role.

• Date is a choosable date of incident, when the grade for this course was ob-
tained. It is choosable by both roles, student and lecturer.

• The competence field contains the competence data associated with this course,
which will be used for competence profile calculation of the user referenced
by the student field. Only a lecturer is able to add competence data. The As-
sessment module is used to edit the competence data. Both, theoretical and
practical values are used.

Figure 5.8 shows two different views of the same course content type for two different
roles, the list view for the student role (Figure 5.8a) and the edit view for a lecturer
(Figure 5.8b).

Self-Assessment

The self-assessment content type consists of a title and a Competences field. The
title of a self-assessment will be automatically generated by prefixing the term "Self-
Assessment" with the node author’s user name. The Competences field uses the prac-
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(a) Course edit view for lecturer (b) Course view for student

Figure 5.8: Course content type for the student role and the lecturer role

tical value and theoretical value as competence values. Method for adding compe-
tences is Assessment. If no self-assessment is provided by a user, a link for creating a
user’s self-assessment will be shown under the Create section of the top-menu. After
the creation of a user’s self-assessment the link for viewing the user’s self-assessment
moves to the View section of the top-menu. Users can set the publication status of
their self-assessment, allowing it contribute to the competence profile calculation.
Only one self-assessment per person is allowed. Figure 5.9a depicts an example self-
assessment node view.

Peer-Assessment

The peer-assessment content type consists of a title, a user reference and a Compe-
tences field. The user reference field references the proband. The choice of users
can be limited to a certain role. Hence the auto-generated title for such a node is
the peer’s user name prefixed with the term "Peer-Assessment for". The user refer-
ence field in this implementation is a select-field but can easily be changed to e.g. an
autocompletion-text-field (e.g. for a very large number of users).

Users must possess permissions to create, update and view peer-assessments.
That is true for peer-assessments a user has created as well as peer-assessment a user
has received.

Under the View section of the top-menu users can find two lists dealing with peer-
assessment. One being a list of peer-assessment they have received, the other one
being a list of peer-assessments they have created for other users. Each list contains
the name of the peer-assessment, which also links to the node, the last update date,
the possibility to publish or unpublish a peer-assessments as well as a marker, show-
ing if the content was recently updated.
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Users can change the publication status of both types of peer-assessments. De-
pending on the publication status, the peer-assessment will be used for competence
profile calculation or not. Only one peer-assessment for a person is allowed. Fig-
ure 5.9b shows an example peer-assessment edit form.

(a) Self-assessment-node (b) Peer-assessment-node

Figure 5.9: Self/Peer-assessment nodes

Additional Evidence Types

Other evidence types can be added easily using Drupal, CKK or the Views module.
These modules allow evidence type creation consisting of different fields, additional
navigation items to the menus, listings of types and the type permissions. The Dru-
pal community not only provides a huge number of CCK fields for building different
content types, it also provides modules which use external APIs to integrate or ex-
pose content from and to Drupal. Since CCK fields can also consist of other nodes
or aggregation of nodes (through the View-field module11), the possibilities for new
content types are not only limitless but can also be added without much or any cod-
ing effort.

A possible content type of interest could be a kind of question/answer content
type for imitating knowledge market features, like the ones provided by e.g. Quora12

or StackExchange13. Drupal modules containing similar functionality already exist,
like the Question module14 or the Answers module15. Every question or answer is
stored in its own node. The respective questions and answers can be aggregated with
the Views module and further be put into other content types. A special Competence

11http://drupal.org/project/viewfield/, 26.03.2011
12http://www.quora.com/, 05.03.2011
13http://www.stackexchange.com/,26.03.2011
14http://drupal.org/project/question/, 26.03.2011
15http://drupal.org/project/answers/, 26.03.2011
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Broker can then be used to assess the competences hidden implicitly in such a con-
versation and to allocate them to the respective question/answer nodes belonging to
a specific users. This methodology would allow the use of a broader scope for com-
petence mining, instead of using a single node.

Another related application could be the use of Activity streams or Actions logs
as content type. Action logs capture action like e.g. creating, annotating, accessing,
printing, bookmarking, participation,. . . . Activity streams build a stream for a user
by aggregating the social web activities of this user in one place. Whether it’s book-
marks, pictures or code commits, posts on a blog, anything created can be gathered
and transformed into a single stream. The Activity stream module16 comes with sup-
port for half a dozen popular sites and support for any site that publishes an RSS or
Atom feed. Developers can create integrations with any other site using a simple API.
Another module implementing a similar feature is the Heartbeat module17, which
allows to display user activity on a website. This module implements an API to log
activity. The logged data contains message structures, attributes and variables. Once
the activity messages exist in the database, they will be parsed to generate the ac-
tivity stream. It also integrates into modules for user relationships like described in
section 5.5. Competences may be derived from these activities or actions, which may
provide supplementary information like the difference between competences in use
or in stock. Such an activity stream could be used as content type to integrate an
action-based competence capturing approach like described in Lindgren and Sten-
mark (2002). However such real time capturing needs to be highly user-controllable
in order to counteract privacy and monitoring concerns (Lindgren et al., 2004).

Another potential content type could be note content types or idea content types
with possible integration with a note-taking, idea-saving application like Evernote18.
Evernote is used to save ideas from a computer, phone or other device. It syncs notes
with a remote server to allow accessing notes on multiple devices. Images will be
OCR-ed and made searchable, as will be other file formats. Using an external pro-
gram like Evernote for information gathering and than expose this information as
potential evidence data for COMPETENCE COCKPIT can be a valuable enhancement.
The Evernote module19 can be used as a starting point for such content types.

Another similar content type could be used to aggregate and analyze Twitter20-
or mail-conversations. Though modules would have to be develop to import or sync
with such services.

16http://drupal.org/project/activitystream/, 26.03.2011
17http://drupal.org/project/heartbeat/, 26.03.2011
18http://www.evernote.com/, 05.03.2011
19http://drupal.org/project/evernote/, 26.03.2011
20http://www.twitter.com/, 05.03.2011
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5.5 Profile Management

For this example system I implemented two different profile content types. One for
representing required profiles (job profile) and one for acquired profiles (compe-
tence profile). Acquired profiles specify accomplishments (in terms of competences)
of a user, calculated through a user’s evidences. Whereas required profiles specify
requirements (in terms of competences) to be fulfilled for instance for a certain job.

Job Profile

The job profile content type is used as a required competence profile consisting of a
title, a description and a Competences field. Title and description are user-choosable
and should be used to describe a job. The Competences field uses both the prac-
tical and theoretical value. As Competence Broker, Assessment is used. These an-
notated competences describe minimum requirements for a job. The nodes of this
content type could be used to compare one’s competence profile with a job profile.
Figure 5.10 depicts an example job profile. A possible enhancement to this content

Figure 5.10: Example job profile

type could be a list of required evidences to further detail a required profile. A similar
content type could be used to describe previous and current work experience. Such
a content type could add fields for time ranges, links to evidences of projects or work
done within such a work experience.

Competence Profile

The competence profile content type consists of a title field, and a Competence Pro-
file field. The title is auto-generated by prefixing the term "Competence Profile" with
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a user name (e.g. Romana’s Competence Profile). Additionally the self-assessment
content type is chosen to be visible upon an empty profile, to motivate profile pop-
ulation. By using the Content Profile module, this content type will be attached to
a user’s profile, motivating the creation of a competence profile on user registration.
A user can only have one competence profile. The Competence Profile field uses the
Mean Aggregator as Competence Aggregator. The competence calculation process is
invoked on demand by clicking on the "Recalculate profile" button. Figure 4.6 shows
an example competence profile.

Using the Mean Aggregator for calculating competence profile data from evidences
provides only a simple way of competence calculation. More evidence metadata like
(un)learning factor, confidence values, weight or halftime values could be taken into
a account when developing a better algorithm for competence profile calculation.
Also an additional Competence Aggregator could take competence propagation into
account or add a kind of recommender system for evidences.

A possible additional value, which could easily be added to a competence profile
could be an interest value for competences. Interests or other personal information
can alert the context awareness and help in building communities of interests and
facilitate indirect communication (e.g. provide information about users with sim-
ilar interest or competences). For instance Y. Fukami and Takeda (2007) present a
method to extract interest value from social bookmarking sites.

In the competence model some notion of interest could also be accommodated at
different levels; interest of individuals, organizational interest, group interest. The re-
lationship between interest and competence can be seen as formalized merit, inter-
est as complementary aspect of competence and interest as transcending into com-
petence (Lindgren et al., 2004).

Social Functions

Identity management can be improved by initially motivating the user to join the
system without much effort and copious input of profile information. For Drupal
there exist a number of methods for authentication with external account data (e.g.
TU login 21, OAuth 22, OpenID 23, Facebook Connect 24,. . . ). The Profile module also
allows users to not only enter their email address and nickname, but also additional
personal data fields (e.g. address-data, phone-numbers, interests, small bio, links to
other accounts,. . . ) which can also be integrated from the mentioned other accounts.

Although this work concentrates on the competence of individuals, it is imple-
mented in a way that it’s easy to also allow competence profiles for groups or net-

21https://techscreen.tuwien.ac.at/, 04.04.2011
22http://drupal.org/project/oauth/, 04.04.2011
23http://drupal.org/project/openid/, 04.04.2011
24http://drupal.org/project/fbconnect/, 04.04.2011
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works too. The exchangeable Competence Broker and Competence Integration mod-
ules allow easy building and maintenance of competence views different to an indi-
vidual one (group, core, strategic competence).

To be more useful, users need to be made aware of other’s data, through the use
of social- and network-functions. More details mean more familiarity and therefor
leverage information exchange, competence sharing and building of communities,
which again could be used as resources for competence management processes.

Such function could be the definition of relationships and groups. Group admin-
istration tasks allow other users to subscribe and unsubscribe to these groups. Selec-
tive groups require approval by a group administrator in order to become a member.
Also private groups need to be definable. Within informal networks and groups, per-
missions for member content has to be definable. Group subscribers communicate
by using group pages (e.g. aggregations of content of a specific group). After building
such groups and aggregated group content, special Competence Brokers and Com-
petence Aggregators could be used to make them actionable for competence man-
agement. There exist Drupal modules which help implementing the functionality
described above and help Drupal to become more social.

• Organic groups 25: enables users to create and manage their own groups. Each
group can have subscribers and maintains a group home page allowing sub-
scribers to communicate with each other. Groups may be selective or not. Se-
lective groups require approval or invitation. Groups can get their own theme,
language, taxonomy and integrate well with the Views module. The additional
Subgroups26 module enables a user with the proper permissions to build group
hierarchies (or trees) by nesting groups under other groups.

• FriendList27 and User Relationships28: provide both the ability to create cus-
tom relationships between users. Admins can create relationship types. Both
single (think: a fan) and two-way relationships (think: a friend) are allowed.
Both integrate well into other Drupal modules (Views, Rules,. . . ).

A more detailed look at building social networks site with Drupal can be found in
Peacock (2009).

Profile export

An additional module for profile export in JSON-format was implemented. Other
possible formats could include HR-XML (Allen, 2004) or hResume (King, 2011). This

25http://drupal.org/project/og/, 26.03.2011
26http://drupal.org/project/og_subgroups/
27http://drupal.org/project/friendlist/, 26.03.2011
28http://drupal.org/project/user_relationships/, 26.03.2011
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could also include the generation of whole resume based on evidence data provided
by COMPETENCE COCKPIT. A possible solution for resume generation could be the
following procedure:

1. Create evidence types needed (e.g. content types for job descriptions including
time ranges, responsibilities, employer information,. . . )

2. Implement Competence Brokers for these evidence types.
3. Mine/Assess competences for these evidence types.
4. Define a resume generation export format (e.g. XML). Iterate over all evidences,

competence data and provide evidence and competence profile data in struc-
tured data formats.

5. Use XSLT to bring the structured data into different output formats (e.g. PDF,
HTML,. . . ).

The provided export could also be used to sync profiles or resume like data with pro-
fessional web services like LinkedIn29, for which a Drupal module30 accessing the
LinkedIn API already exists.

5.6 Competence Warehouse

The Competence Warehouse module adds a new table to the database for storing the
competence value history of a competence from a competence profile. On every re-
calculation of the profile, changes will be tracked. This is done by implementing the
database operation hooks, defined in the Competence Profile field. Every hook re-
sponds in a new data row inserted in the competence warehouse table. To make the
acquired data more usable, the table contains a couple of additional columns:

• UID: the user-ID of the user to whom the competence profile is assigned.
• NID: the node-ID of the competence profile.
• TID: the term-ID of one competence term.
• Src: the module invoking the hook.
• Type: the exact content type of the competence profile.
• Op: the hook operation called (e.g. insert,update,delete,propagated,. . . ).
• Timestamp: the date and time of incident accurate to the second.
• Value_(value_name): the actual competence values.

The module also contains form settings for selecting which operations to track
(Figure 5.11a). Also the module adds a tooltip showing a line-graph of a competence
value development history on hovering a column containing the competence value
(Figure 5.11b).

29http://www.linkedin.com/, 26.03.2011
30http://drupal.org/project/linkedin/, 26.03.2011
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(a) Competence Warehouse set-
tings

(b) Competence value history
tooltip

Figure 5.11: Competence Warehouse

The data collected by Competence Warehouse can further be used for more de-
tailed statistics. For instance the Quant module31 is a Drupal module based engine
for producing quantitative, time-based analytics for any Drupal component. Quant
takes raw data from regular Drupal actions (e.g. node creation, node update,. . . )
and plots the activity over a specific time-range. This functionality can be used by
other modules, like Competence Warehouse for providing charts about evidence cre-
ation or specific competence development. Data can also be aggregated, for instance
over groups of users, to analyze the competence development over groups. External
modules can use Quant by implementing hook_quant, which returns, along other in-
formation, an array containing the database table to watch and the field containing
timestamp information.

5.7 Search

Drupal adds a module responsible for search and retrieval functionality by default.
Users can search for users and particular terms in content nodes. On the content-
tab of the search page, users are able to search for terms appearing in the default
rendering of a node’s content on a site, which also includes the rendering of any CCK
fields (hence also Competences and Competence Profile fields). On the users-tab of
the search page, users are able to search user names of registered users on a site.

In addition to that, every competence, which shows up in the competence profile
of a user, is also associated with the user search type and a competence profile search
type. This can allow to search and find users based on a certain competences. How-
ever a user interface exploiting this index is not yet available and scheduled as future

31http://drupal.org/project/quant/, 26.03.2010
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extension. Instead the standard full text engine, splitting the competence data into
terms is used to search for content containing certain competences.

During content search, if users enter more than one search term the search mod-
ule will look for content that has all the terms entered. If instead either one term or
another term is wanted, terms can be joined with "or". Looking for an exact phrase
can be done by enclosing it in quotation marks.

Drupal’s search engine indexes the text content of a site. The search engine does
its indexing at intervals using cron.

Content-related actions on a site (creating, editing, or deleting) automatically
cause affected content items to be marked for indexing or reindexing at the next cron
run. When content is marked for reindexing, the previous content remains in the
index until cron runs again.

There also exist additional modules for further refining search, from changing
the underlying search engine (e.g. ApacheSOLR32) to adding faceted search33 func-
tionality. These modules can be used as basis if a much more detailed and refined
search experience for COMPETENCE COCKPIT which also takes the special user type
and competence profile type indices into account.

5.8 Semantic Integration

Providing deeper semantic integration allows linking COMPETENCE COCKPIT to the
Web of Data. Breslin et al. (2007) already present a conceptual framework using
Friend of a Friend (FOAF), Semantically Interlinked Online Communities (SIOC) and
Simple Knowledge Organization System (SKOS) vocabularies for finding experts with
desired expertise in a domain of interest. All three vocabularies could be integrated
into COMPETENCE COCKPIT. The FOAF ontology has properties, which define topics
of interest to a person. There also exist extensions to the FOAF ontology for describ-
ing career information or resume type information like the FOAF resume schema
(Bojars, 2004) or the Description of a Career (DOAC)34 vocabulary. There also already
exist a FOAF module35 for Drupal which allows to:

• automatically import/synchronize profile information between any Drupal-
powered sites,

• import profile information from external FOAF files and
• export a FOAF file based on a user’s profile.

32drupal.org/project/apachesolr/, 26.03.2010
33drupal.org/project/faceted_search/, 26.03.2010
34http://ramonantonio.net/doac/ 3.3.2011
35http://drupal.org/project/foaf/ 3.3.2011
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The SIOC project is an open specification for describing communities using on-
line discussion communities. Allowing the integration of SIOC properties could sup-
port the interlinkage between COMPETENCE COCKPIT evidence types and other com-
munity content. For SIOC too a Drupal module36 exists. Finally the SKOS ontology
could be linked with the Drupal taxonomy module, allowing the alignment of com-
petence ontology concepts with SKOS or align content types with SKOS.

Such semantic integration needs to avoid unnecessary duplication when using
different vocabularies for COMPETENCE COCKPIT. But a clear integration could fur-
ther strengthen the reusability of the data stored in COMPETENCE COCKPIT as well as
facilitate the easier integration of outside content.

36http://drupal.org/project/sioc/ 3.3.2011
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CONCLUSION AND FUTURE WORK

In this thesis I argue that a modern content management system, like Drupal, can be
extended to support the competence management processes: (1) competence iden-
tification, (2) competence measurement, (3) competence development and (4) com-
petence usage. They are suited as foundation for a modular and flexible competence
management framework. Also its use lowers the entry barrier for competence man-
agement and makes it more unobtrusive and maintainable.

I presented a competence model, handling different resources, which can be made
actionable for competence management. This making actionable is achieved by pro-
viding interfaces for different methods for competence measurement, tailored to the
needs of the specific resources. Furthermore competence profiles can be calculated
and generated by using these resources and their annotated competence data as ev-
idences.

This model is then transformed into modules for the Drupal content manage-
ment system, bundling the described functionality of the model’s entities. Modules
for competence data and competence profile data representation, competence as-
sessment, competence mining and competence profile calculation as well as mod-
ules for importing concepts from an existing competence ontology were developed.
The content management functions of Drupal were used to create different evidence
types, showing that it’s easy to plug into already exiting data for competence mea-
surement, development and usage.

The implemented modules based on Drupal were put to test in setting up an ex-
ample system in the university domain. The extendability was evaluated by imple-
menting additional modules and further showing paths to extend the framework.
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COMPETENCE COCKPIT provides a solid foundation for implementing specific com-
petence management system. It allows to focus such system development on detail-
ing core competence management functions like meaningful competence mining or
calculation algorithms. Also its modularity facilitates the adoption of new research
methods in the above named processes of competence management. The addition of
new evidence types, Competence brokers and Competence Aggregators can be accom-
plished without much effort. Also taking social functions, provided by the underlying
content management system and other levels of competence management (groups,
networks, organizations,. . . ) into account can further improve such a system.

A main shortcoming of COMPETENCE COCKPIT is a missing similarity measure
framework, which can be used to compare competence data on different levels. Such
a framework can feature some kind of gap analysis for evidences and profiles. This
may either be the comparison between acquired and required profiles (e.g. compare
the competence profile of a user with a job description profile) or two required pro-
files (e.g. compare two user profiles). In addition to that, it could be used to also com-
pare evidences on a competence data level, groups of people or different Competence
brokers and Competence Aggregators. One assumption is, that he competence usage
process can benefit greatly from allowing aggregation and comparison on different
levels.

Also search and retrieval functions can be improved and enhanced making it eas-
ier to find individuals or groups which hold certain competences. The implementa-
tion of competence data and competence profile data benefits from using CCK, in
that it allows different visualizations (e.g. Radar-Diagrams, Space-Trees, Hyperbolic-
Trees,. . . ) to be used, which can be capsuled in their own modules.

Another main point of improvement, which would need existing module code to
be rewritten, is stronger semantic integration. There already exist different vocabu-
laries, which can be integrated into Drupal based systems and which can be exploited
for competence management. Being able to connect with such vocabularies would
give COMPETENCE COCKPIT a welcomed integration in the Web of Data. A framework
for semantic integration, allowing easy existing vocabulary integration, based on the
already existing Ontology Importer module, seems like a worthwhile addition to the
framework.

Last but not least the framework should be evaluated within different domains,
preferably in real corporate and organizational environments, which may already use
Drupal in their daily routines. Already existing module extensions like the Compe-
tence Warehouse module, which was already used for evaluation purposes by Daxböck
and Hochmeister (2011) can provide the necessary foundation for this task.

The claim, that this framework supports the development and integration of spe-
cific competence management systems into daily work activities must be based on
solid scientific research.
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