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1. Research Motivations and Goals

Exiting the financial crisis, the European Union has set a clear path in 2010 for a
Union wide change, bound to the Europe 2020 Strategy. Europe should deliver a smart,
sustainable, and inclusive growth. A growth which can't be tackled without an educated
and capable workforce. As such, two of the five main pillars of the Europe 2020 Strategy

to guide targets on a national level, are employment and education.

Following the lead of Europe 2020, the Smart Specialisation Strategy (s3) strives to
connect and assist EU countries and regions to develop, implement and review Research
and Innovation Strategies on a local level. Smart Specialisation centres around fostering
micro, macro and meso level competitive advantages and potentials for excellence, with
a strong focus on entrepreneurship and innovation, and recommendations for changes to

acquire them in a new knowledge economy.

At the same time, there is an ongoing pressure of globalization and
internationalization, blurring the borders between markets and previously segregated job
profiles and their requirements. More and more economies are becoming service
economies, increasingly incorporating ICT technologies to empower services, which
require changes in the profiles and in the variety of workers. Finally, the civil society
becomes enclosed and infused with technology, coming nearer to a network society where

communities are increasingly virtual and interconnected.

In this frame, change and the ability to cope with changes, becomes an essential trait
for the modern worker. The problem is that the traditional education can't cope with
this transformation and in this way, fails to meet the urgency of adaptation. Well
trained workers in a smart economy need a continuous education — coming in short cycles

of training and practice, which takes place within their job environment.

The focus is twofold: improving the present work, and developing the ability to learn
for future work requirements. The need for job knowledge: is here a union of the
educational supply and economical requirements and leads to the question on how to keep

the job knowledge up-to-date and how to effectively train on the job.

1 Job knowledge is here seen as the knowledge needed to perform specific job roles and includes
conscious expertise and tacit knowledge.
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This requires such education that is fit to purpose and time - regarding the
selection and setup of educational material - to finally harness the real potential for

a smart growth and a participation in the knowledge economy.

1.1. Background and Focus of the Thesis

Modern workers have to cope with many changes and new flexible requirements in
their working environment. Projects may require new skills, co-workers may leave the
company — leading to a shift in responsibilities —, or new labour market opportunities
motivate to acquire different skill sets. Coping with changes and satisfying the need for
personal improvement, creates a high need to know the extent of the personal education,

e.g. through continuous self-assessment to monitor the personal progress.

Over the last years, semantic technologies emerged as a new approach to see
knowledge as a structured and connected asset, rather than an isolated one. This also had
a great effect on the vision about and the handling of organisational knowledge. Based on
the technologies, emerging from the last iterations of the web — first developing to an
application driven web (web 2.0) and then to a semantic web (web 3.0) — new improved
ways to store, access and update knowledge are developed, together with new, proven

solutions and best practices.

Information is now interconnected, and as such offers new possibilities to learn and
educate what a person needs to know to perform well in different learning situations, as
formal education, during their job or — one step further — for their future job and future
education. With the blending of learning and semantic web technologies, a new
generation of systems emerged, that makes use of interconnected information and
semantically enriched knowledge structures to help people to learn what they need to

know.

So, to cope with changes and to overcome the limitations of a static, formal education,
new educational systems - making use of connected and structured knowledge - could fill
the gap and connect what a person knows and what is needed to fit to new requirements,
in situations like: applying for a new job, pursuing a new education or adapting to changes
within the job roles. But, as access to information becomes more flexible and the
information delivered becomes more extensive and connected, the selection of the right

information at the right time is also becoming more and more important.
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Single, isolated pieces of information can be turned into a network of information,
presenting - when enhanced by the power of semantics - a knowledge structure. This
structure — by disclosing the context of the required knowledge - enables a more flexible
way of learning. While people are able to judge what are the relevant concepts » in such
domains that they know well, this becomes a considerably harder task in new domains of
knowledge. In situations where a person explores new knowledge the question definitely
arises: “What to learn first?” So far, an approach to distinguish the relevance of concepts

in a given domain to enable learning is missing.

This thesis explores how to use the information about the structure and the
semantic of a knowledge structure in a field of learning, to create a measure for
describing the importance of the single concepts. Furthermore, this thesis examines
how an implementation of this new measure in an adaptive system of technology

enhanced learning can be realized.

1.2. Detailed Research Questions

e Research question 1: How can the semantic model of a learning domain
be utilised to identify which knowledge area(s) is (are) of high importance
for learning in comparison to other knowledge (concepts) within the model

of the domain? (Methodology: [Modelling] [Experiment])

A semantic model is a conceptual model and an abstraction of a specific part of the
real world. It includes additionally semantic information to describe its individuals and
the “how” of their relations. In this regard, the model explains in a formal way the
semantic of its instances and relations. Many different semantic models of different
domains of life exist. In the context of learning, a semantic model can model the learner

or the domain of learning.

The semantic model of a domain (domain ontology) — used within this thesis —
includes the concepts or knowledge which are needed in the domain. The semantic model

explicitly models different relations between concepts like “requirement”, “sub-

2 Within this thesis “concept” and “knowledge” are partially used interchangeable, yet they are applied
with a different context: concept is used when addressing the elements within the structure to store
modelled knowledge, while knowledge is used in the context of learning and modelling the knowledge to
learn.

3



knowledge” and more specialized relations. Furthermore, the concepts can be different
and belong to different types or classes of individuals, like knowledge area, example or
basic concept. The relations and concepts and their formalized types, enable a structured,

semantic rich domain model, which in turn enables to structure a learning process.

Throughout the process of learning a learner learns and masters concepts one after
another till the domain is mastered. Now the question is — is it possible to use the
information about the structure (How concepts are connected?) and the information about
the semantic of the domain (What is connected?) in a systematic way to create a measure
to rate which concepts should be mastered first in a domain and therefore should be
assessed first and are “more important” to enable a better (or faster, more sustainable or

more specialized) learning?

“Importance” in the context of learning or in a colloquial sense can have different
meanings as “significant” and “meaningful”. In the frame of this thesis and in the context
of supporting the assessment of concepts for learning, the importance is interpreted in
two dimensions: a quantitative (How well connected are concepts in a network?) and
qualitative (How needed and central is a single concept for connected concepts, based on
its underlying semantic?). Based on these considerations, a working definition of concept
importance is “the degree to which a concept is connected, and central in terms of its

semantic, to other concepts in a domain network of concepts”.

e Research question 2: How can a measure, quantifying the importance of
concepts in a semantic model be utilized, integrated and implemented in an

online assessment solution? (Methodology: [Build] [Experiment])

Measuring or “deriving” the importance of concepts by applying the domain model,
enables to select which concepts are valuable to learn first and to explore the given
domain. Learning is an incremental process with phases of learning and reflection. To
cope with the complexity of domains to learn, a system to support the learning process
has to do a selection of concepts should be learned first. One possible solution for the
selection is to assess the state of knowledge of a learner on a selected domain. The gained
information can then be used to tailor learning-paths and provide personalized learning
recommendations. In this regard, knowing which concepts are important for learning will

give an indication what to assess first — to detect the current training need, which then



supports to tailor the learning and reflection to focus on concepts which are beneficial to

be learned first.

In online, technology enhanced learning solutions, learning can be translated into a
continuous cycle of online assessment and tailoring of learning. Assuming a well-defined,
sound measure which defines the importance of concepts within a semantic model of the
domain — that is the outcome of Research Question 1 — the next step is to define how the
measure can be utilized in supporting and framing the continuous assessment of the
training need. Furthermore, following the utilization of the concept importance, how can
the measure be implemented into an assessment algorithm for a specific technology

enhanced solution for assessment and learning?

2. Methodologies

2.1. Research methodology

Within the doctoral school of business informatics, approaches of the disciplines of
social science and computer science are applicable and are used in different situations in
dependency of the background of a specific research and the need of the application. The
area of the planned thesis is set into the broader context of labour market considering
aspects as the learning and mastering of knowledge for new job roles or positions, or the

learning and the acquisition of new knowledge in informal settings of learning.

Yet the methodologies which are used to address the problem are technology driven
— as the field of user modelling and adaptive systems — and insights, derived from the use
of domain knowledge, are represented semantically and structural as a domain ontology.
In this regard, a computer science related exploratory approach to the research
methodology is more suitable to address the expected findings and to integrate the derived

insights into the existing stream of research.

2.2. An explorative development methodology

Following Amaral et al. (Amaral et al., 2011), exploration and design oriented
research methodologies in the field of computer science can be divided into five

methodologies: Formal, Experimental, Build, Process and Model.



In the context of the planned research work the task of designing a concept importance
measures for semantically enhanced structured knowledge conforms to a modelling
approach. It abstracts the existing conceptualisation of a knowledge structure to a
representative measure and in this regards models the concept of relevance for the specific
application of learning. To verify the presented model, the methodology of experiment is
suitable. In this regards the used methodology is a hybrid of modelling and
experimenting, with a stronger focus on the model and the question of how to utilize and
reflect it in a practical computer science motivated solution. The utilization of the
intended measure is, following the definition of the research methodology, fitting to the
“build” methodology. The final implementation is a part of a greater software framework.
In favour of the complexity of testing and the learning and assessment focus of this work,
the evaluation of the implementation will be an integrated part of the evaluated field-

studies.

Experimental Methodology: Experimental methodologies tend to be split into two
phases — an exploratory phase in which measures are identified which help to identify the
relevant questions of a research and a second evaluation phase which attempts to answer
the identified questions. The elaboration of the results is followed by a discussion to
provide deeper insights into the collected and analysed data or “explain” the gathered

results.

Build Methodology: This methodology is fundamentally about the building of a
software system, documenting the planning, the composition, and the final process of
building. The final “built” should be compared against existing solutions, if applicable,

or additional claims as speed, space requirements, and other measurable.

Model Methodology: Amaral et al. (Amaral et al., 2011) defines modelling as “[...]
the purposeful abstraction of a real or a planned system with the objective of reducing it
to a limited, but representative, set of components and interactions that allow the
qualitative and quantitative description of its properties”. A modelling approach is driven
by the application for which it is planned and the targeted research for which the
modelling is conducted and therefore can lead to multiple correct results. In a scientific
context, a model is built to capture and account for important aspects of a target system

at the cost of less important aspects. How to decide which aspects are important and which



are not is part of the modelling strategy. Modelling is considered as an evolving process

which is focussed on a selected sub-discipline of research.

This research builds on two main pillars: 1) the modelling and development of a
concept importance measure and 2) the algorithmic and architectural implementation of
a knowledge assessment solution applying the concept importance measure. The

discovery and reasoning will be of an explorative nature throughout the whole research.

3. Research findings

The literature analysis of the thesis sheds light on a comprehensive fundament of
topics in the context of user modelling and adaption, organisational learning and learning
theories and network theories, which can support the creation of a concept importance
measure on a theoretical base and inform the implementation side of assessment and
learning. Yet the analysis has also shown that no current single theory provides a well-
developed, “of-the-shelf” starting point to rate the importance of concepts for learning.
While this underlines the value of this work in terms of “closing the gap”, it also

contributes to the challenge of defining a measure.

The final explorative research of the thesis, is informed by and based on the
indications from the literature and is organized in five blocks which are addressed in the

following.

3.1. Application System Description and

Exploration

This realization of this research is embedded into a technology enhanced learning
system, which also supports the experiments throughout the work. The experiments are
conducted in a blended learning environment, which supports the seminar work and
studies of bachelor students. The results and continuous system feedback supports the

development of the new approach for measuring the importance of concepts.

For the development and implementation of the concept importance measure, the well
elaborated STUDIO system for adaptive assessment and learning is selected (Vas, 2016).
STUDIO integrates a sound, comprehensive, semantically enriched knowledge structure,
which fits to the requirements, collected within the literature study. The system models

the domain related knowledge as an ontology, offering the needed structure and semantic
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to conduct the research. It will act as a test-bed and a source of domain knowledge.
Furthermore, the system provides feedback in the form of reporting, visually exploring
the assessment results, the general progress and fitting learning material. The algorithmic
extension, implementing a concept-importance aware assessment, will be integrated into

the STUDIO system. The system further hosts the experiments and data collection.

3.2. Preparing Data Collection: Integration of an

Event-tracking Framework

To enable a later stage integration of the concept importance measure and to track and
enable the planned experiments within the STUDIO system, a stocktaking and survey of
the tracked and potentially trackable assessment and domain ontology related variables
within STUDIO is conducted. The STUDIO system integrates a statistical module and
collects the choices and results collected and presented by the assessment and learning
module. However, a solution to capture more granular events or component spanning or
component independent events were yet missing. To improve the understanding of the
assessment and learning process in STUDIO, a new data-collection framework is built

and integrated.

The new framework enables a deeper understanding of the causalities of the system
use and the utilized models through a more flexible and more granular data collection in
the later experiment phases. One challenge is to integrate the new event tracking solution
in the existing system, while a second challenge is to design the storage and collection in
a way that it is reusable in terms of the purpose and unambiguous in terms of the data
labelling across multiple data sources. An overview of the existing assessment concept in
the system and an outlook on the data collected through the new framework is given in
(Weber and Vas, 2015). Furthermore, this extension of the system enables the detection

and tracking of student behaviour in the STUDIO system (Weber et al., 2015).

3.3. Design of a Concept Importance Measure for a

Domain Ontology

Every learning process integrates a strategy for learning: natural and unconscious as
part of the learner; or explicitly, given by a tutor who bases the interaction on personal

experience or the explicit knowledge of learning theories. The major learning theories
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differ in the exploration on how learning occurs and in the explanation on how learning
should be organized for a continuous and structured learning approach, as addressed in
(Weber and Vas, 2016a). Yet learning theories agree on knowledge being interconnected

and being learning learned in the presence of other knowledge or experiences.

Embracing the narrative of knowledge being interconnected in the context of learning
— as in the STUDIO domain ontology based approach to learning — each specific domain
to learn and master can be understood as a network. A network perspective on learning
can especially help to understand the complexity and connectivity of domains for
learning. Figure 1 shows the STUDIO-based visualization of the Management
Information System domain. The visualization resembles a network structure and is based

on the underlying domain ontology.
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Figure 1: STUDIO based network representation of the Business Informatics concept
group.

The structure introduces a hierarchy. The overall topic centre in the middle of the
network is the starting point and connects directly to generalizing topics in the first inner
level. From there the structure spreads through directed relations to more detailed, factual
concepts in the outer regions of the network. The hierarchical nature of the structure in
Figure 1 is based on a semantic hierarchy, which is grounded on the domain ontology.
The most frequent type of (directed) relation within the ontology is the relation ‘Has sub-
knowledge area’, through which each extract of the ontology — in average — follows a
“general knowledge to detail knowledge” flow, starting from the central concept and
ending in the outer leaves of the structure. While this hierarchy resonates with specific

ideas within learning theories as behaviourism (bottom-up learning) and constructivism



(top-down learning), the structural hierarchy itself includes no statement about a specific

way to learn based on the structure.

Keeping the observational point of view of this section, four main aspects of the
semantic enhanced network structure for learning in STUDIO can be isolated:

connectivity, (semantic) complexity and a semantic-based hierarchy

Connectivism as an Interpretation for the Importance of Concepts for

Learning

Connectivism is a learning theory which is approaching learning in a technology and
information driven society. It focuses on learning in environments where information is
interconnected explicitly, as e.g. the world wide web (WWW) or other non-linear,
hypertext-based (Cicconi, 1999) linked sources of information. Taking into account the
ontology perspective of STUDIO, three main pillars can be extracted from the concept of
connectivism, coined by (Siemens, 2005). The pillars, following Siemens, are: 1)
learning ... is derived as a competence from forming connections, 2) learning is motivated
by connectivity, connecting experiences but also external information 3) connections

which offer the learner to learn more are more important.

Pre-Study: Analysing Connectivity and its Influence on the Assessment

Performance of Students

The rationale of the pre-study is to investigate if there is a relationship between the
connectivity of a graph structure of concepts of a given domain of learning, and the
performance of learners who learn and are assessed based on the same concept structure.
If a connection is evident, it will underline the meaning of connectivism for practical

solutions for assessment and learning.

Within two experiments of the study, it could be shown that a higher centrality
measure for a given concept can play a role in predicting the passing of the next assessed,
connected concept (Weber and Vas, 2016b). In a broader neighbourhood, this trend

couldn’t be traced.
A Concept Importance Measure for a Domain Ontology

The pre-study and the connectivity-focused nature of connectivism, highlight that

considering the connectivity of the concepts (the degree of concepts) can be a suitable
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starting point for the development of a measure for the importance of concepts for

learning in knowledge networks.

The STUDIO domain ontology integrates a semantic model. Three features are
captured from the domain model, which can be exploited for a concept importance
measure: connectivity, (semantic) complexity and semantic hierarchy. The connectivity
is well represented by the concept degree; the semantic complexity is represented by the
different concept- and relation-types within the STUDIO ontology; and finally, the
semantic-based hierarchy is given by the ordering nature of the relations, which model
the decomposition of knowledge areas and the dependencies between concepts using the
semantic definitions of concepts and relations. Accepting these three aspects as the source
for the measure, the question of “how” to represent the aspects by numbers and how to

combine the aspects to a measure.

The numeric connectivity of a concept is straightforward to translate into a measure,
the translation of the semantic of concepts and their relations needs an interpretation (the
semantic complexity and semantic hierarchy). To tackle the interpretation, two
considerations are explored about the semantic of concepts and relations: the “dimensions
of interpretation” of the semantic (What are we looking for?) and the specific “mapping

of the interpretation” to numeric values (How do we do the mapping?).
The Importance Dimensions of the Domain Ontology

Revisiting the domain ontology structure, the concepts and relations can be equally

semantically translated into the dimensions of:
1. “need” — “How much is a concept needed for another concept?”, and
2. “detail” — “How much is a concept detailing another concept?”

The dimensions are selected in a way that a higher degree of “need” for a concept and
a higher degree of “detail” of a concept is considered superior in the context of learning.
The dimension of “need” directly connects to the assumptions of connectivism that
selected, highly connected concepts are important enablers to learn surrounding concepts,
which also correlates to the notion of “needed” concepts. Furthermore, the “detailing”
aspect connects to the behaviouristic assumption that a detailed, fact-intensive basic set
of concepts is needed to master a domain and access and master more complex general

concepts.
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But, what parts of the ontology should be considered to map the semantic of concepts
and relations into values? Concepts within the STUDIO ontology, as shown in Figure 2,
are differentiated by different types — knowledge areas, basic concepts, examples, etc. —
with a different semantic in the context of learning. Revisiting connectivism, the central
idea is that the importance of concepts is based on how well they are connected and, more
specifically, is based on how well a concept connects new sources of information. In this
context, not the existence of a concept itself but its ability to connect to other concepts is
important — so the relations to other concepts are in the focus and consequently their

specific semantic.

‘sTUDIO Ontology Class Model \

I
Has sub- Knowledge Area Requires I —
knowledge area 2 knowledge of ! > Knowledge
I
I
I

Areas
/N 1
Part of Part of

/ Part of \

Basic Concept Example

€—Refers to}—

/

i
|
|
|
i
|
i
Refers to i 5| Knowledge
i
i
i
i
i
i
i

"] Elements
Theorem Refers
to

I
|
|
\
|
\
\
|
\
|
|
\
|
\
\
|
\
|
\
\
|
\
|
|
\
|
|

Figure 2: Grouping of concepts, visualized on the STUDIO domain model.
Concepts and relations are equally described by semantic but, comparing the semantic
of the knowledge area focused core concepts and their relations, it becomes evident that
the relations either mirror the semantic of the concepts or even detail them. For this work
the importance dimensions of “need” and “detail” are derived from the individual
concepts, based on the semantics of their relations. Every relation contributes with “need”

and “detail” as every relation expresses the “need” and “detail” of a connected concept.

The final measure then accounts for all relations a single concept shares and enables
to compare individual concepts. As such, the measure implicitly integrates the

connectivity of each concept by considering all relations of a concept at once — in line
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with the assumption of connectivism that the degree of a concept can indicate a better
access in the context of learning and furthermore, in line with the findings that the
connectivity can be a weak predictor for performance in a structured learning and

assessment approach.

Preparation of the Numeric Interpretation of the Semantic Relations of
the Domain Ontology

This work uses an elementary approach, motivated by but not following the approach
of AHP, as AHP models a complex decision process while the concept importance
measure targets to measures individual concepts. The assignment of numbers is expert
modelled, translating the semantic of the relations to numeric values. The assignment of
numbers is strongly connected to the goal of learning, which may introduce a degree of
uncertainty. In such an environment, fuzzy logic could be an appropriate representation.
Yet, it is not in the scope of this work to account for the uncertainty of different factors

which influence a measure for rating the importance of concepts for the goal of learning.

The domain ontology incorporates directed relations. To consider the connectivity
degree of concepts, while equally considering the semantic type of the relation of an
individual concept, this work considers incoming and outgoing relations simultaneously.
To ease the modelling process and the human understanding of the translation of the
importance dimensions of a relation to numbers, a relation is rated for a specific

importance dimension on a scale of [0,100].

The translation of the importance dimension additionally has to as well consider the
absence of a specific importance dimension. The chosen solution is to split the interval
into two ranges to consider either the existence or the absence of an importance
dimension. The first interval with [0,50) expresses the degree of absence of the specific
dimension and (50,100] the degree of presence of a given dimension. The mid-position
of [50] is reserved to express an indeterminate state where the individual importance

dimension has no effect on a given concept.
The Numeric Interpretation of the Importance Dimensions

Multiple approaches (manual, semi-automatic, automatic) are applicable to define
numeric values for each concept, reflecting the semantic of the relations and thus concepts

in the context of the importance dimensions “need” and “detail”. Considering the volume

13



and scope of the presented research questions an expert modelled approach is chosen to

directly reflect the experience of the users, maintainers, and architects of the STUDIO.

The expert modelled mappings for the chosen importance dimensions of “need” and
“detail” are shown in Table 1. The table shows on the left part the relations of the domain
ontology which address the context of learning. The right part collects the mirrored /
inverse relations. The mappings in the “detail” and “need” related dimensions also mirror
for each inverse relation the regular relations and together sum to 100.

Table 1: Collection and comparison of the expert modelled mapping values for the
relations in the importance dimensions "need" and "detail”.

Relation Relation InvRelation InvRelation
Relation “is “details “details “is Inverse
needed” node” —node” needed” Relation
(0-50-100) (0-50-100) (0-50-100) (0-50-100)
has part 40 20 80 60 is part of
has sub-knowledge- 45 35 65 55 has parent domain
area
premise 80 90 10 20 inv. premise
conclusion 20 10 90 80 inv. conclusion
refers to 50 50 50 50 referred by
requires knowledge 0 35 65 100 knou.lledge
of required by

Fusing Importance Dimensions to a Concept Importance Measure

To account for the “need” and “detail” of a concept, while considering multiple
relations for a concept simultaneously, requires a strategy to fuse the dimensions of all
relations to one measure. The aspect of “need” and “detail” of a concept can have a
different weight based on the assumptions taken for the goal of learning. The goal is to
derive a common measure which reflects that more needed and more detailed concepts
result in a higher value of the importance dimensions, as pictured in the matrix in Figure
3. So, to combine the importance dimensions into one measure, representing the concept

importance, requires to define how to weight them.

To do so the measure considers three factors: Dimension mapping: the importance

dimensions to translate for one individual relation; Dimension weight: the specific

14



weight of the importance dimension for the context of learning; Sum of relations per

concept: the different relations of an individual concept.

Highly needed Highly needed
Low detail Highly detailing

Sparsely needed | Sparsely needed
Low detail Highly detailing

Need level of a concept

o

Detail level of a concept

Figure 3: The concept importance matrix. More needed and more detailed concepts
result in a higher value of the importance dimensions and the combined measure.

To enable a direct and intuitive modelling approach for weights, weights are defined
on an interval of [0,100] for each dimension and are set into relation to each other in the
interval [0,1] by dividing each weight through the sum of weights. Aligned to the gathered
considerations on the importance dimensions, the domain ontology itself and related
learning theories, the weights are selected as Wyeeq = 70, Wyerqir = 40, resulting in a
“detail” / “need” ratio of ~2 / 3. Figuratively, each relation can be interpreted as an
alternative route for learning, evaluated over the defined criteria of learning (“need”,
“detail”) and the sum of these alternatives (the integrated connectivity) is the potential for

a better learning, which is defined as the concept importance measure:

n m

Impconcept = Z Z w; * Relgim,; , for mdim.and nrel. 1)

i=0 j=0
Considering the logic of the concept importance measure, a wide range of
modifications in the presence of more information is possible. As gathered earlier,
additional dimensions are possible, importance dimensions can re-weighted on demand
and different sets of dimension mappings for relations can be stored to be applied on

demand e.g. to support the adaptive behaviour of the implementing system.

3.4. System Integration of the Concept Importance
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Measure

To integrate the measure, the STUDIO system implements three main pillars:

1. Concept importance measure module: the system integrates a new module
to derive and manage the concept importance measure and to enable a system-

wide seamless use of the measure.

2. Path based assessment: To utilize the concept importance measure, a new
path-based assessment is created. The path-based assessment enables to create
paths through the tailored domain ontology. From the created paths, concepts

can be selected on demand, following different assessment strategies.

3. Path-based evaluation: A concept importance algorithm follows paths but
selects the next concept to test within the same path and based on the highest
value of the measure for a specific concept. The algorithm will make use of

assessment paths and implements a tailored evaluation strategy.
A Path-based Exploratory Knowledge Assessment

To create a different solution which explores the structure freely — as needed for a
concept importance measure implementation — the system is extended with a new open
logic. The extension will act as a potential fundament for different smart knowledge
exploration and evaluation solutions. A new knowledge exploration framework is
conceptualized, which enables the implementation of various assessment and evaluation
approaches in STUDIO. A challenge is to cope with the complexity of the semantic
domain model and the assessment paths and how to translate the handling into the existing
system. The new approach solves specific algorithmic problems as: loop-prevention and

conceptual problems as defining the criteria for terminating the assessment.

A new concept is introduced: assessment paths. An assessment path is a set of
knowledge-elements (concepts) which are connected by relations while the path is
connected to the start-element. With this new approach the tree shaped knowledge
structure, which is extracted for each assessment from the domain ontology, can be
interpreted as a set of paths from one knowledge-element to the start-element. To prevent
loops in the path creation, the algorithm makes use of a strategy to black-list visited nodes,

combined with a backtracking algorithm to create and explore alternative paths.
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A Concept Importance Based Knowledge Assessment Algorithm

The integration, implementation and utilization of the concept importance measure is
based on the path-based assessment and evaluation. The path-based assessment
introduces paths to provide a trade-off between the exploration and the complexity of the
domain and the underlying domain model. Every path represents one possible “walk”
through the domain, starting with the start-concept and ending in another concept. The
path can be considered as a window for the algorithm and the selection of the concepts

on the path, while the path length is a flexible window size.

The integration of the concept importance based assessment selects the concepts from
an active path, based on the concept importance measure. Concepts which rate higher in
terms of the concept importance value, are considered as higher important for the learning
of concepts in a given domain. Following the logic, the concept which has the highest
importance value within an active path, has to be selected and assessed first, followed by
the next less high value, etc. So, within an extracted path the concepts are ordered for the

assessment based on the concept importance measure.

The concept of the assessment algorithm is to differentiate and select concepts — in
the case of the concept importance — based on the individual value of the measure. The
measure exploits the semantic and the connectivity of the domain ontology. The final
selection of a concept to assess is based on the highest value of the measure per (un-
assessed) concept in a given path. Only concepts which can be connected by a path of
passed concepts to the start-concept are considered for evaluation, reflecting that a
concept is understood in the context of the domain. The failing of a concept will change
how the domain is explored. It will change the selection, as the algorithm selects concepts
from each path by “moving” based on the measure and parts of the path may be omitted
if they include failed concepts. The list of next concepts is then automatic rearranged,
following the concept importance measure, as a part of the path isn’t available anymore,
limiting the search space for assessment and latter learning and further addresses the

desired adaptivity.
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Figure 4: The measure converts the domain into a topology for learning.

The concept importance measure transforms the domain into a topology of learning,
where high measures can be considered as modelled mountains of learning, as visualized
in the Human Resource Management domain in Figure 4. Climbing the mountain early
for learning enables a better understanding and reach through more available connections
to follow “down the mountain”, while reaching the peak through assessment requires an
initial understanding of the represented topics to climb the mountain. The measure models
the mountains and the implementing, path-based assessment is modelling the strategy for

climbing the mountains and finally guiding and exploring the domain of learning.

3.5. Evaluation of research results.

In this subchapter I summarize the results of the research.

Learning — the process how new knowledge is acquired — is affected by several
factors, including but not limited to the semantics and the structure of the given domain,
the (ICT) infrastructure of the learning environment, the goals and modes of learning, and
of course the motivation of the student. At the center of this research, the main question
is “how the learning effectiveness can be increased in a formal, blended-learning
environment”? How is it possible to find specific learning paths to facilitate the student

in the process of the iterative self-assessment and learning?

In this research, the STUDIO system was used to store the ontological representation
of the domain specific knowledge. STUDIO was further used as an e-learning system in
the blended learning environment of the research. During the research, I found a

connection between the most recent learning theory, namely the connectivism, and the
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network based interpretation of the domain model. How these network-like models can
be travelled through also strongly resonates with the idea of connectivism. I found that
those points of the network, which have a higher connectivity, are indeed more important

related to learning.

Other qualitative attributes of the relations are also important, like dependencies and
other characteristics which can be described with (semantic) complexity and semantic
hierarchy. Based on these attributes I defined the importance of concepts (nodes,

knowledge elements) in the thesis (first research question).

In order to answer the second research question, I implemented the theoretical
construction of the concept importance measure into the STUDIO system. I also made
experiments, in order to compare the importance based assessment and learning with the
system’s native adaptive testing algorithm. The results (numeric data etc.) of the
experiments can be found in my publications. The experiments confirmed, that the created
algorithm gives at least as good results as the original drill-down algorithm. The
theoretical background of the concept importance measure was also validated with these

experiments.

It was also confirmed that my method is becoming more and more advantageous as
the volume of the domain knowledge, the complexity and the semantic structure broaden.
Based on these findings I concluded that the experiments to validate the methods have to
be continued, and controlled conditions have to be created. It is another task to draw in

the motivation and the behaviour of the students to the set of test criteria.

The major contribution and result of this work is the definition of a new domain
ontology aware measure to rate the importance of concepts for learning and to address
the connectivistic learning idea — while its implementation is well-suited to support a

flexible learning for rapidly changing requirements of the labour market.
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