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1 Extended Abstract

Work Integrated Learning (Lindstaedt and Farmer, 2004) (Smith, 2003) enables
knowledge workers to learn directly at their place of work, by doing their usual tasks
instead of exercising dedicated artificial learning situations, with working and
learning seamlessly integrated (Lindstaedt et al., 2009). One of the key factors of
Work Integrated Learning Environments is to provide the right content to the learner,
both suitable for his current level of knowledge, and the task he is currently working
on.

To be able to recommend relevant resources, the system has to know about (i) the
knowledge worker himself, for example his experience in certain topics, and (ii) the
current activity he is involved in — both together defining the working context. The
work presented here originates in the EU project APOSDLE', which focuses on Work
Integrated Learning. The detailed approach of the whole project is described in
(Lindstaedt et al., 2007).

Content recommendation using the Associative Network is a core component of the
APOSDLE retrieval system. It is responsible for providing content resources to the
“Suggest” functionality, which recommends all types of resources (like documents,
users etc.) to help the user with learning and executing his current task.

! Advanced Process Oriented and Self-Directed Learning Environment
(http://www.aposdle.org)



APOSDLE Meta Model

APOSDLE uses a meta model individually created for the respective application
domain which contains:

i.  atask model (a formal description of work tasks to be supported, like “how
to create a workshop”);
ii. a domain model (a semantic description of the domain in terms of concepts,
relations, and objects); and
iil. a learning goal model (providing a mapping between domain concepts, tasks

and general learning goal types) (Lindstaedt et al., 2008).

Entities present in this meta model are used to annotate documents stored in the
APOSDLE system to make them available for retrieval. Certain parts of these
documents are tagged with concepts (the topic the selected part of the document is
dealing with) and material uses (describing the type of the selected part, like
introduction, bullet list, how-to etc.) yielding a list of annotated text fragments. In
APOSDLE we call them “snippets”.

Snippets can be created manually by the users themselves. Since this is a rather time
consuming task, there is also the possibility of automatic assignment of this semantic
metadata based on a text classification approach. It does, however, not equal the
precision of metadata assigned by a human domain expert yet.

Associative Network

The Associative Network is the component in APOSDLE responsible for maintaining
and retrieving snippets; in this network every concept from the domain model and
every snippet in the system are represented by nodes. Three directly dependent layers
provide the connection between the input (one or more topics) - and the list of
snippets provided as output (see Figure 1).

The first layer (concept to concept layer) contains only domain concept nodes which
are connected with edges by means of their semantic similarity; edge weights state the
grade of similarity. This layer can be used to extend the list of input topics to also take
other topics into account which are very similar but have not been selected by the
user. The second layer (concept to document layer) states the mappings between the
domain concepts and the snippets, annotating each snippet with exactly one topic.
This is the only mandatory layer in the Associative Network since this is the core
layer serving snippets for one or more topics; it cannot be turned off optionally. The
third layer (document to document layer) contains only snippets and connects them
with edges based on their textual similarity. If activated, this layer is adding similar
snippets to the set of snippets coming from the second layer.
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Figure 1 - Anatomy of the Associative Network

For processing the information in the network representation of layer one and three, a
processing technique called Spreading Activation is used. Starting from a set of
initially activated nodes in the net, the activation spreads over the network (Sharifian
and Samani, 1997). During search, energy flows from a set of initially activated
information items over the edges to their neighbours. (Lindstaedt et al., 2008)

The idea behind the Associative Network is to return a list of most relevant snippets
to the user; the input concept (like “Workshop”) (i) can be chosen by the user, (ii) is
also detected automatically by the APOSDLE context detection functionality, or (iii)
is inferred by a working task the user chooses. The Associative Network then takes
this starting concept, uses the first layer (if turned on) to augment the list of starting
concepts, gets all documents associated to these topics from layer two and finally
augments the list of resulting documents in layer three (if turned on).

Compared to a traditional retrieval engine, the Associative Network introduces
several advantages when dealing with sparse annotations. Since manual annotation of
snippets is very time consuming and has to be done by domain experts, in most case
only few concepts from the models are used for annotation, and only few resources
are really annotated. The Associative Network is able to retrieve documents from
concepts not directly selected by the user, but similar to them (concept to concept
layer), and also documents that are not tagged with the concept, but similar to the
found documents (document to document layer).



Evaluation

As the APOSDLE project now comes to its end, with the final prototype being
implemented, we are in the process of evaluating several components. The
Associative Network in APOSDLE will be evaluated concerning two major aspects:

First of all the semantic similarity measures used to weigh the edges in the concept to
concept layer will be evaluated. The Associative Network uses this layer by taking the
original input concept(s) and adding the most relevant concepts in the neighbourhood
to the list of input values. Only one expansion step is carried out, so only directly
connected neighbours are affected.

APOSDLE can exploit several measures to describe the similarity between two
concepts of the domain ontology, in particular (i) Conceptual Similarity, (ii) Shortest
Path, (iii) Scaled Shortest Path, (iv) Resnik, (v) Lin, (vi) Jian Conrath and (vii) Trento
Vector.

Since there is no optimal measure for all of the domains available yet, it will have to
be derived individually for each application domain. Representative for all the
APOSDLE domains, two application domains (called ISN and CCI) will be evaluated
in a lab study with the corresponding application partners. To keep place and time
open to the involved domain experts, a Web application called Web Tool (for
Ontology) Evaluation (WTE) will be provided.

In WTE a single rating session will consist of a fixed number of iterations. Random
pairs of two concepts will be presented and the domain expert will have to rate the
degree of interconnection between the two concepts. Using these ratings, an ideal
model of the concept to concept layer will be created.

To ensure a correct understanding of the concepts shown, the whole path of the
concepts up to the domain root will be visualized.

Table 1 shows the rating scale we are planning to use according to (Charles, 2000).
To ensure consistent rating of all the participants, both the numbers and the
description will be visible during the rating process.

Scale Description

4 identical in meaning
similar in meaning
vaguely similar in meaning
different in meaning

(=

opposite in meaning

Table 1 - Rating scale for concept pairs evaluation



It will be impossible to evaluate all the available edges - every concept in the domain
ontology could possible have an edge to every other concept. The number of edges
which can be really evaluated heavily depends on the manpower available for
evaluation. Furthermore a random selection of concept pairs for rating does no take
into account that some of them might be more significant for the domain than others.
We foresee doing some manual pre selection of approximately 20 percent of the
concept pairs to be rated in one session, the other 80 percent will be selected
randomly.

The aim of the pre selection will be to include concept pairs which will be useful to
discriminate between measures; pairs that score very different values for the different
measures will help us in finding the measure most similar to the human rating
process.

We foresee two experts for every domain working with the Web application, One
session will contain 100 concept pairs to be rated, taking about 15 to 20 minutes. The
number of individual sessions will be up to the domain expert, the more the better of
course.

Afterwards, the results of the ratings will be evaluated against the computed measures
and the following questions will be answered:

. Which measure one is best for a specific application domain?

ii. Is there a specific similarity measure which performs well on every domain
tested and could therefore be proposed as default measure?

ii. How much do the measures and the results actually differ?

The second evaluation will deal with effectiveness of the classifier used to
automatically tag snippets with topics. In this context, effectiveness is defined as the
ability to take the right classification decisions (Sebastiani, 2002). A cross-validation
on the existing manual annotations will be conducted. Several test runs with varying
classifier parameters and different sets of concepts will be performed. For every test
run, established measures of text categorization effectiveness like precision and recall
will be computed and stored.

These measures will be used to answer three questions:

i. What is the categorization effectiveness of the concept classification used in
the automatic annotation process?

ii. How does categorization effectiveness differ with varying classifier
parameters given a certain distribution of manual annotations?

iil. What impact does the degree of manual annotation have on categorization
effectiveness?



The Associative Network approach in APOSDLE will be used in other projects like
MATURE?, with several improvements planned: the network will be for example be
able to store not only snippets, but all types of resources. The order of topics
submitted as input will be taken into account; additional weighting algorithms and
similarity measures will be developed.
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