User Model Services for Adaptive
Work-integrated Learning

Master’s Thesis

at

Graz University of Technology
submitted by
Giinter Beham

Knowledge Management Institute (KMI),
Graz University of Technology
A-8010 Graz, Austria

May 2011

Advisor: Univ.-Doz. Dr. Stefanie Lindstaedt

TU

Grazm






Abstract

A major challenge when designing software for work-integrated learning (WIL) is
that the system provides real-time learning support adapted to a user’s situation
and background knowledge (adaptive system). In order to adapt to the user’s situa-
tion and characteristics, a user model is needed that is continuously updated to the
learning progress. While numerous adaptive systems have been designed for school
and university settings, hardly any adaptive system exists for supporting WIL. The
aim of my master’s thesis was to design and develop a WIL User Model, WIL User
Model Services, and a software architecture for a WIL system that provides learn-
ing support that is adapted to a user’s task and background knowledge, that is
able to re-use real knowledge resources, and that is integrated in the users’ real
computational environment. Requirements for the system were derived from WIL
theory, and from existing use cases. The analysis of requirements indicated that
three kinds of functionality seem crucial in order to support WIL: Unobtrusive user
model maintenance, recommendation of learning content, and recommendation of
knowledgeable people. Within this thesis, these functionalities were conceptualised
using different kinds of user model services (logging, production, inference and con-
trol services). Together, these build the WIL User Model Services (WIL UMS). The
WIL software architecture and WIL UMS were prototypically implemented in the
adaptive WIL system APOSDLE. APOSDLE’s user model is automatically main-
tained by tracking ‘Knowledge Indicating Events’. Based on the information in the
user model, APOSDLE recommends real resources and knowledgeable colleagues.
APOSDLE and its WIL UMS have been instantiated for four real companies to pro-
vide intelligent adaptive WIL support. APOSDLE and its WIL UMS are integrated
in the users’ work environments.






Zusammenfassung

Die zentrale Herausforderung fiir die Entwicklung von Software fiir arbeitsintegrier-
tes Lernen (work-integrated learning, WIL) ist es, Lerninhalte bereitzustellen, die
an die situativen Gegebenheiten und das Vorwissen der NutzerInnen angepasst sind
(adaptive Systeme). Um Adaptivitdt zu realisieren ist ein Benutzermodell (User
Model) erforderlich, das kontinuierlich an den Lernfortschritt angepasst wird. Im
Gegensatz zum Schul- und Universitdtskontext existieren kaum adaptive Systeme
zur Unterstiitzung von WIL. Ziel meiner Masterarbeit war es, ein WIL User Model,
WIL User Model Services und eine Software- Architektur zur Unterstiitzung von WIL
zu entwickeln. Das WIL System sollte sich an die Arbeitsaufgabe und das Vorwissen
der BenutzerInnen anpassen, reale Arbeitsdokumente als Lerninhalte beniitzen und
in die Arbeitsumgebung der Benutzer integriert sein. Anforderungen fiir das System
wurden einerseits aus der Theorie zu WIL und andererseits aus existierenden Use
Cases abgeleitet. Die Anforderungsanalyse ergab, dass drei Arten von Funktionalitét
zentral fiir die Unterstiitzung von WIL erscheinen: Non-invasive Wissensdiagnose,
Empfehlungen von Inhalten und Empfehlungen von ExpertInnen. In meiner Mas-
terarbeit wurden diese Funktionalitdten iiber verschiedene Arten von User Model
Services konzeptualisiert (Logging, Production, Inference und Control Services), die
gemeinsam die WIL User Model Services (WIL UMS) bilden. Die WIL UMS wur-
den prototypisch im adaptiven WIL System APOSDLE implementiert. APOSDLE’s
Benutzermodell wird iiber Log Daten (“Knowledge Indicating Events”) automatisch
aktualisiert. Ausgehend vom Benutzermodell empfiehlt APOSDLE reale Arbeitsdo-
kumente und Expertlnnen. APOSDLE und die WIL UMS wurden als intelligente
Losung zur Unterstiitzung von WIL in vier Unternehmen installiert, und sind in die
Arbeitsumgebung der BenutzerInnen integriert.
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CHAPTER 1

Introduction

1.1 Current Situation

Today’s learning is not anymore dedicated to school, university, or some formal
trainings but is considered to happen continuously throughout the entire life. This
tendency is referred to as lifelong learning (Fischer, 2000). Specifically, in our knowl-
edge society, we are facing the necessity of continuously learning at work.

The topic of workplace learning has received quite some attention in the recent
past. According to Eraut (2004), Eraut and Hirsh (2007), Billett (2001), Smith
(2003), Lave and Wenger (1991) and many others, most learning at work happens
informally, either through own experience or in interaction with colleagues. More-
over, workplace learning mainly takes place without clear intention to learn, and is
still less based on dedicated training plans.

However, until more recently, these characteristics of workplace learning have
not been reflected in current strategies of vocational training: Still, a vast amount
of money is spent on formal trainings of the workforce. One of the main problems
of formal training is caused by not considering requirements of real workplaces.
Ley et al. (2005) argued that such formal trainings are not efficient as there is
only little knowledge transfer from the training situation to the situation where the
knowledge needs to be applied. Moreover, there is a cognitive disconnection between
a work space, learning space, and knowledge space within an organisation, as well
as a structural disconnection between these three spaces: Each of these spaces is
implemented on different technical systems.

In order to overcome these disconnections that impair learning transfer from
the situation where knowledge is acquired to the situation where knowledge is ap-
plied, Lindstaedt et al. (2009a) introduced the paradigm of Work-integrated Learn-
ing (WIL). The authors clearly state that working and learning cannot be separated
but are integrated and happen at the same time. Moreover, they define learning as
a dimension of knowledge work: Knowledge work thereby is seen as a continuum
that may range from task-focused to learning-focused activities. As a consequence,
instead of training workers ‘offsite’, learning must be supported ‘on-site’, closely
related to the current work practices.

eLearning technologies are seen as powerful means to bring learning to the work-
place. However, traditional eLearning systems do work well for past assumptions
about how learning happens (at school, at universities) but get to their limits when
trying to support learning during every day work. Lindstaedt et al. (2010) identified
three major challenges for systems supporting WIL:
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e Real-Time Learning: WIL-Systems should raise awareness for learning op-
portunities relevant a user’s current work task, and need to be adapted to a
user’s work context and his or her experiences.

¢ Real Knowledge Resources: WIL-Systems should dynamically recommend
knowledgeable people an resources within an organisation.

e Real Computational Environment: WIL-Systems should provide a va-
riety of tools and services which are seamlessly integrated with the user’s
computational environment (e.g., desktop, laptop, mobile devices).

In the area of technology-enhanced learning (TEL) the first challenge - real-time
learning - has been tackled by research into and development of adaptive (web-based)
systems (Hutchison et al., 2006). Adaptive systems change their functionality in or-
der to take into account the characteristics of its users. In the context of learning,
the most important characteristic of users is a user’s background knowledge; how-
ever, other characteristics have also been adapted to, such as a user’s task or goal,
interest, or location. Most of these systems origin from research into Intelligent
Tutoring Systems (ITS) and different types of Adaptive Hypermedia (AH) systems.
Adaptive systems contain models of the learning environment (domain model) and
the users (user model) to then adapt the system’s functionality to the users in dif-
ferent ways (Benyon and Murray, 1993). The user model is the most important
component of an adaptive learning system: It represents the characteristics of the
user to which the system shall adapt. Thus it must be continuously updated to the
user’s learning progress.

A large amount of work exists in the area of adaptive systems and user model-
ing (Brusilovsky and Millan, 2007), however most of the existing user-model based
adaptive systems were designed and tested with focus on university settings, and
little work has been done with regard to adaptive WIL. Still, most of the principles
underlying user models and adaptive learning systems may also be very beneficial
when thinking of how to support WIL.

To sum up, a lot of research has already been carried out to create learning
systems that support users in ‘learning what they need’ in formal settings. However,
the specific characteristics and requirements of supporting WIL have been neglected
in traditional eLearning research.

1.2 Goal

It is the goal of my thesis to analyse the WIL situation and to derive a set of require-
ments for a user-adaptive WIL system that is based on a user model. Starting from
these requirements, I will design and develop the user model, user models services
and an architecture for a WIL system that supports learning at real time, learning
from real content and learning within the user’s ‘real’ computational environment.
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1.3 Scope

The focus of my work will be on supporting learning at real time, i.e. adapting
WIL support to the characteristics and needs of workers at their workplaces. As
described above, supporting learning at real time means to adapt the presentation
of learning content to the user’s learning situation. According to Fischer (2001) or
Kump (2010), a knowledge worker’s learning situation is characterised (i) by the
task at hand and (ii) the background knowledge of the user. Therefore, I will focus
on these two aspects of adaptivity and not take into account other characteristics
of the user (such as interest, motivation, etc.), or situation (e.g., time constraints).
The scope of my master’s thesis includes the review of the state of the art of adap-
tive learning systems in the area of technology enhanced learning. This review
concentrates on design issues such as data collected from users, adaptation and rec-
ommendation techniques, and system architecture. Other issues such as authoring
tools for content creation of learning systems are not covered within my master’s
thesis.

1.4 Overview

Theoretical work from various scholars can serve as a first starting point for designing
an adaptive WIL system. However, in order to build a system that will be used in
real work environments, it is necessary to also take into account the needs and
requirements of its (future) users. The approach I have chosen to design a WIL-
System is based on the idea to take best practices from different fields and combine
them in a new way. Therefore, my work is based on three pillars

e Concepts of adaptive learning systems
e WIL theory
e Use cases of real users

In the following sections, I will derive design implications from these three
sources. At several points, I will extract requirements for the user model and user
model services of a WIL System architecture and present the conceptual design that
is underlying my work.

My master’s thesis is structured as follows:

Chapter 2 provides an overview of adaptive learning systems by starting
to introduce the most important terms and describe the basic compo-
nents almost all adaptive systems are build of. In the following, adapta-
tion techniques are presented which evolved over the last two decades.
Based on these foundations, a number of research systems are investi-
gated in detail to see how they designed and implemented the different
aspects of an adaptive learning system.
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1.5

Chapter 3 introduces challenges for work-integrated learning (WIL) sys-
tems and proposes and proposes conceptual solutions. It then investi-
gates how this architecture can be realised.

Chapter 4 introduces the adaptive WIL System APOSDLE. It derives
requirements for the implementation from a list of use cases collected
by the APOSDLE project. These requirements and further technical
constraints of the project build the bastris of the prototypical imple-
mentation.

Chapter 5 describes in detail how I prototypically implemented various
WIL User Model Services for the APOSDLE system.

Chapter 6 revisits and discusses the results of the conceptual design and
technical implementation.

Chapter 7 summaries the my work on user modelling services for work-
integrated learning and presents topics to follow-up.

Related Publications

Parts of this work has been already published in

Recommending Knowledgeable People in a Work-Integrated Learning System
(Beham et al., 2010Db)

Providing Varying Degrees of Guidance for Work-Integrated Learning (Lind-
staedt et al., 2010)

MyExperiences: Visualizing Evidence in an Open Learner Model (Kump et al.,
2010)

iAPOSDLE — An Approach to Mobile Work-Integrated Learning (Beham
et al., 2010a)

Non-invasive User Modeling for Recommending Knowledgeable Persons in
Work-integrated Learning (Beham et al., 2009)

Getting to Know Your User - Unobtrusive User Model Maintenance within
Work-Integrated Learning Environments (Lindstaedt et al., 2009b)

Knowledge Services for Work-integrated Learning (Lindstaedt et al., 2008b)

A Socio-Technical Approach towards Supporting Intra-Organizational Collab-
oration (Achnelt et al., 2008)

Software Architecture for 2nd (APOSDLE Consortium, 2007b) and 3rd (APOS-
DLE Consortium, 2008) Prototypes

APOSDLE Conceptual Architecture (APOSDLE Consortium, 2010b)



CHAPTER 2

Adapting the Learning System to
the Needs of its Users

This chapter summarises the most important characeristics of adaptive systems and their
application in educational learning systems. Specific considerations for adaptive WIL sup-

port are given in each section.

Considering the challenge of providing real-time support for WIL systems presented
in Section 1.1, the user’s level of knowledge and her work task and work context
seem to be the most important features for a WIL system to take into account. The
level of knowledge describes experiences and skills a user may have or may have not
about a concept of the domain. The work task or work context describes a user’s
current goal she has to accomplish. Together, the level of knowledge and current
work task provide the information about what a user knows and what he or she
wants to achieve.

The question of adapting a learning system to the situation of its users is by far
not new but has a long tradition in research communities around intelligent tutoring
systems (ITS), and adaptive hypermedia systems(AHS).

Intelligent Tutoring Systems provide personalised learning support to its users
in various ways. Well known ITS are ELM-ART Weber and Brusilovsky (2001), or
the ISIS-Tutor Brusilovsky and Pesin (1994), see Section 2.4.1.

Adaptive Hypermedia Systems are based on hypertext. The aim of these systems
is to provide users with guidance for navigating through the hyperspace (i.e. linked
hypertext) in order to avoid that they are ‘lost in hyperspace’. On of the most
prominent examples of AHS is AHA! (De Bra et al. (2002), see Section 2.4.3).

At their origins, ITS (Lester et al., 2004) and AHS (Brusilovsky, 2000) have been
developed in parallel. Since the 1990ies, research in these areas has been aligned.
Therefore, now the basic components of these two types of systems are very similar.

Both ITS and AHS have mainly been built for formal educational contexts such
as courses at schools and universities, and thus do not take into account the specific
situation of learning at work. Still, the basic principles of these systems can be
re-used for the WIL case, as I will show in Chapter 4.



6 Chapter 2. Adapting the Learning System to the Needs of its Users

2.1 Definition of Terms

Before diving into the details of personalised systems and their various forms, I
would like to clarify some important terms used throughout this chapter.

The term ‘personalisation’ is used very commonly in the field of adaptive systems
and its various subtypes such as educational hypermedia systems, adaptive web
systems systems. Kobsa et al. (2001) defines a personalised hypermedia application
as systems supporting different forms of adaptations. Kobsa defines adaptation to
be happening with respect to the content, to the structure, or the way how it is
presented to users. They divide the process of personalisation into three tasks.
First, the ‘Acquisition’ task collects available information about the user to build
and maintain a user model. Collected information can range from user data to
usage data and data about the environment the user is working in. Based on this
initial user model, the second task ‘Representation and Inference’ takes this data
and structures it into a more formal way and draw inferences. Drawing inferences
on a user model means to interpret the structured data and make assumptions
about the user (e.g. Experiences in a certain topic). The third task ‘Production’ is
responsible for generating or producing the adaptation in terms of content, structure
and presentation based on the inferences. Thus, personalisation can be seen as a
general process through which a system adapts to the needs of a user. Two terms are
important in the context of personalisation, namely the terms ‘adaptable systems’
and ‘adaptive systems’ - these describe different ways of how systems can be tailored
to the needs of its users. For both terms I follow the definitions presented by
Oppermann (1994). Both adaptable and adaptive systems can be seen as a concrete
form of the personalisation process.

2.1.1 Adaptable Systems

Adaptable systems offer users ways to modify or change how the system behaves,
looks like, or interacts with the them. The most important aspect of adaptability is
that users are always in control of what is being adapted. Taking the example of an
email application, users can change the layout of the application, modify whether
emails should be sent in HTML format or plain text, and ‘tell’ the application to
show a small window whenever a new message arrives in the inbox. The email
client (system) provides users with the freedom to adapt it to their personal needs.
Jameson (2003) points out a possible limitation of adaptable systems: often the
large number of options to choose from makes it hard for users to select the best
settings for the current situation.

2.1.2 Adaptive Systems

In contrast, adaptive systems take away control from the user and perform adap-
tations automatically. To automate adaptations, adaptive systems utilise available
information of its users such as preferences, recent activities, or properties of the
environment to make a decision which adaptations fit best for the user. Taking
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again the previous example, the email client could evaluate the inbox and rank mes-
sages based on the frequency the user has written messages to the sender in the
past. Again, this approach is limited by the fact, that users cannot influence an
application’s behaviour.

2.1.3 Hybrid Systems

Adaptability and adaptivity are not mutually exclusive, but often are combined in
the same system. To combine the best aspects of adaptable and adaptive systems,
many systems go for a hybrid solution, where some features can be modified or
turned on or off, while others will automatically adapted. Taking the example, the
email client could offer a preference setting allowing users to manually enable or
disable (adaptability) intelligent sorting of the inbox (adaptivity).

The decision whether to just go for one form or to combine both, depends on
several factors, such as the kind of function which should be adapted, user expec-
tations, usability issues, consequences of wrong adaptations, user control, etc. User
control could serve as a kind of ‘steering wheel’ for adaptation. User may enable or
disable adaptation at different levels of granularity and thus could decide in which
cases adaptivity should be used by the system. Hybrid systems are a promising
approach to contribute to the WIL challenge of supporting real work environments
which can differ a lot (e.g., work environment of a secretary vs work environment
of a software engineer).

2.2 Basic Components

During the past decade, many adaptive learning systems have been developed (e.g.,
Brusilovsky and Peylo, 2003; Conlan, 2003; Kobsa, 2001). One common property of
such systems is to track user-related aspects and to use them to drive the adaptation
process. Besides tracking of information, content, structure of concepts, and links
between them are additional elements shared by most of the systems. Around 1990,
researchers and developers started to design a reference model aiming at a more
general description of an adaptive hypermedia system. Such reference models should
provide a baseline for comparison and should also help to develop interoperable
systems. The Dexter reference model presented by Halasz and Schwartz (1994) was
the first model describing an adaptive learning system from a more general point of
view. During the following years, further reference models were proposed to address
some of the shortcomings found in Dexter (e.g., Hardman et al., 1994; Schwabe
and Rossi, 1998). To specifically address the requirements of adaptive hypermedia
systems, De Bra et al. (1999) designed the AHAM reference model, and Koch and
Wirsing (2002) later on published the Munich reference model. Both models are
based on the Dexter reference model. All reference models focus very much on
engineering aspects for adaptive hypermedia systems, and do not take the step to
provide a system independent view. Henze and Nejdl (2004) addresses this issue
by introducing a formal description of system allowing to compare systems and
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components they consist of. Being able to compare systems on a logical basis allows
to identify possible overlaps as well as missing functionalities for the case of WIL.
The following section follows the approach of Henze and Nejdl (2004) and presents
the four basic components of an adaptive system!:

e Document Space,
e User Model,
e Observations, and

e Adaptation Component.

2.2.1 Document Space

The Document Space is defined as the space of all documents and all associated
information belonging to the adaptive system. With this definition, documents
are not limited to textual information only but could also include multimedia files,
HTML web pages, links to textual documents, etc. Documents can be attached
with meta information describing document properties (e.g., author, creation date)
and its relation to other documents in the space (e.g., part-of relation between
documents). Documents and their associated information describe the knowledge
residing in the Document Space. This formal description of knowledge is often stored
in a separate model called domain model. A domain model contains the structured
expert knowledge in the domain modelled as concepts. For example, in the domain
of school mathematics, the domain model should contain basic concepts such as
Algebra, Trigonometry, etc. In many cases, concepts are interconnected with each
other through different types of relations. For example, to define a hierarchy of
domain concepts, a is-a relation can be used. Documents are then associated with
one ore more of these domain concepts.

2.2.1.1 WIL Specifics

For a WIL System, the Document Space is of great importance because it defines
which organisational knowledge will be available, and thus can be provided to its
users. Compared to most adaptive learning systems, a WIL system will have to
address the issue of a constantly changing and evolving Document Space as new
documents and topics are generated by an organisation.

The WIL situation poses a tough challenge for the domain model. While it is
comparatively straightforward to model highly-structured domains such as school
mathematics or programming, modelling ill-structured WIL domains is a nontrivial
task. Consider, for example, the domain of ‘Innovation Management’ with concepts
such as ‘Creativity’, ‘Innovation Workshop’ etc. It is a highly demanding task to

'Henze and Nejdl (2004) specify the four components of an Adaptive Educational Hypermedia
System (AEHS), however, I argue that these can be generalised to other kinds of adaptive systems
as well.
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identify relevant concepts within the domain and structure them, e.g., according to
a is-a-relation.

2.2.2 User Model

This section introduces the two most popular types of user models, scalar models
and structural models, and discusses their relevance for the application in a WIL
system.

In order to realise adaptivity, a user model (e.g., Brusilovsky and Millan, 2007)
is needed. The user model is described as ”a representation of information about an
individual user that is essential for an adaptive system to provide the adaptation ef-
fect, i.e., to behave differently for different user” (Brusilovsky and Millan, 2007). The
user model constitutes the rationale for individualized learning opportunities of each
user. Hence, the User Model is the core of an adaptive system. It represents users
from different viewpoints in adaptive learning systems. According to Brusilovsky
and Millan (2007), there are two main viewpoints: models representing the individ-
ual user and models representing the current (work) context. The most important
features of individual user models are a user’s (level of) knowledge, interests, goals,
background, and personal properties. Context modelling on the other hand aims at
utilising a user’s surrounding environment as a source for maintaing a user model.
Examples of such sources are the computational platform (e.g., desktop computer
vs. laptop, and smartphones vs tablets). The User Model constitutes the basis for
individualised learning opportunities, and is used throughout the whole adaptation
process to store and retrieve user information. Typically, for every individual user,
an instance of the user model is created which holds the user’s parameter-value for
each of the topics in a domain. The user model is continuously updated throughout
the interaction of the user with the system.

2.2.2.1 Scalar Models

Scalar models follow a very basic approach in the sense that a user’s knowledge
is represented by a single value which can range on a more or less fine-grained
scale. Scales can be quantitative (e.g., between 0 and 100) or qualitative (e.g.,
from novice to expert) depending on the type of modelling approach. Scalar models
focus on user’s knowledge only and are typically ramped up and maintained by self
assessments and user tests. The main advantage of a scalar model is its simplicity.
There is only one value to be calculated per user which is then used for adaptation.
At the same point, this is also the main disadvantage: They are very unprecise,
and users with different knowledge in single aspects (e.g., subtopics) of the learning
domain will receive identical recommendations.

2.2.2.2 Structural Models

Structural models overcome the drawback of ‘one value for the whole domain’ by
utilising domain models which can be separated into distinct parts. For each part, an
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individual value representing a user’s knowledge can be calculated. Thus, structural
models provide more fine-grained information about the user. The most popular
form of structural models are overlay models (Brusilovsky and Millan, 2007). Over-
lay models create a layer on top of the domain model (the overlay) to store the
user’s knowledge for each part of the domain. The first (original) overlay models
represented knowledge in the same ways as scalar models do: They used a binary
value (‘known or not known’) to represent the user’s knowledge about a certain
concept. With overlay modelling, the domain model is considered to be the ‘expert
knowledge’ and the overlay reflects the current knowledge of a user as compared to
that expert knowledge. The granularity of knowledge which can be represented in
an overlay model depends on the structure of the underlying domain model. For
domain models providing relations between concepts, it would be possible to rea-
son about a user’s knowledge for concepts where no information is available yet
(knowledge propagation).

Beyond the original overlay models a variety of extended models have been
developed over time. Weighted overlay models allow knowledge to be stored as a
range of values (e.g., on a scale from 0 to 1). Another way of representing the
amount of knowledge is the use of bayesian models or uncertainty models (e.g.,
based on fuzzy sets). A different approach are bug models which are dedicated to
also store ‘incorrect’ knowledge users might have about concepts. Another promising
approach is to create richer models by adding additional overlays which could for
example reflect a user’s interest or knowledge from different sources. Stacking up
several layers is often referred to as multilayer overlay model.

2.2.2.3 WIL Specifics

For WIL, the Document Space and domain model will most likely cover a different
areas of an organisation. Thus, scalar models will lead to very rough estimations
about a user’s knowledge and may not be appropriate to support them on a task-
based level. It is very unlikely that a user is e.g., an expert of a whole learning
domain especially for large domains.

In order to address the challenge of real-time learning it is important to have
several indicators of knowledge distributed over the whole domain. Having only a
single knowledge indicator would lead to more or less the same knowledge resources
for all concepts. Therefore, the scalar model can offer a very limited way of adap-
tation only, and a structural user model, or even an overlay model, should be given
the preference.

As I will describe in Section 3.3.1, WIL domains are often ‘enterprise models’
that describe the domain from different perspectives (concepts, tasks, etc.). The
structure of the enterprise model may serve as the basis for an overlay user model
in an adaptive WIL system.
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2.2.3 Observations

In order to provide personalisation at any point in time, the User Model needs to
be continuously maintained. The observation component of an adaptive system de-
scribes the way and information which is tracked and collected from a systems’ users.
Compared to the other basic components, Observations are all about the runtime
behaviour of an AHS. There are several ways to diagnose user skills and maintain
a user model. Knowledge represented in the user profile can be elicited explicitly
from the user but it can also be acquired implicitly from inferences made about
the user (Benyon and Murray, 1993). In my view, as explained in Lindstaedt et al.
(2009b), implicit acquisition means tracking naturally occurring actions (Jameson,
2003). Naturally occurring actions include all of the actions that the user performs
with the system that do not have the express purpose of revealing information about
the user. These actions may range from major actions like adding a resource to a
collection to minor ones like scrolling down a page. Examples for explicit observa-
tions are questionnaires, quizzes to test the knowledge of certain subset of concepts
of the domain model. Implicit observations on the other hand, record user actions
such as opening a document, browsing through a web page, creating an annotation,
etc.

2.2.3.1 WIL Specifics

Systems adapting to the work context should try to automatically identify the cur-
rent work task to then reason about the resources which might help in accomplishing
this task. Such systems can be considered as a special form of context-adaptive sys-
tems. Existing context-adaptive systems adapt to, for example, the computational
capabilities or the current location of the user.

The question for WIL user models is how to keep track of the variation of
knowledge over time. Because knowledge increases and decreases over time, levels
of knowledge may also change and have to be taken care of by WIL user model.
The following four questions summarise important aspects for a WIL user model:

How can knowledge about concepts be identified?

How can the current work context be identified?

Which kind of user behaviour is relevant for learning and forgetting?

How can changes in knowledge be recognised?

All questions are tightly related to the type of user model chosen for a WIL
system.

2.2.4 Adaptation

The adaptation component contains the functionality for actually making a sys-
tem adaptive. The characteristics of the adaptation component can range from
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offering documents which fit best for the user’s knowledge state to changing the
way how content is presented to users. One very powerful technique to maximise
learning transfer is to suggest optimised learning paths, i.e. sequences of learning
goals (Karampiperis and Sampson, 2005). More details on adaptation methods and
techniques can be found in Section 2.3.

2.2.4.1 WIL Specifics

In order to support WIL in real-time, the system should adapt to the user’s task at
hand and to his or her background knowledge in any situation. Further, to maximise
learning transfer, the system should suggest optimised learning paths through the
company’s document space. As learning at work happens to a large extent through
social interaction (Eraut, 2004), the system should be able to suggest knowledgeable
people who can provide help.

2.3 Adaptation Techniques

In the previous sections I described the basic components of an adaptive system
with the user model building the basis for most kinds of adaptation. Now the main
questions is “What can be adapted in an adaptive system?”. This section investi-
gates in detail how various kinds of adaptation can be realised. Brusilovsky (1996)
distinguishes two general types of adaptation: content-level adaptation or adaptive
presentation, and link level adaptation or adaptive navigation support. These types
will be described hereinafter.

2.3.1 Adaptive Presentation

According to Bunt et al. (2007) Content-level adaptation or adaptive presentation
comprises two steps namely (i) selecting the content (what), and (ii) presenting the
content to the user (how). The first step focuses on finding the best possible content
out of a repository, e.g. a company’s content management system. A simple selection
mechanism could select a single document from a directory containing an arbitrary
list of documents. A more sophisticated algorithm could investigate the structure
of a document to identify relevant paragraphs for a user. The second step, content
presentation, aims at selecting the best way of presenting the content to the user.
For example, an expert writing a company’s financial statement might be presented
with very detailed information about exceptions on taxation, while a novice user
in the same situation would receive content providing her with an overview about
creating financial statements in general.

2.3.1.1 Content Selection

The adaptation of content may vary in terms of the level of granularity which is used
to select content. A quite simple way of selecting content is the so called page-variant
approach (Kobsa et al., 2001) where each page is available in different versions (e.g.,
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from a very general overview pages to very in-depth aspects). An example of page-
variant systems is KBS Hyperbook (Nejdl et al., 1998) which selects page variants
based on the actual goal and knowledge of a user. The adaptation mechanism selects
one of these versions based on user characteristics and presents it to the user. This
approach works very well for simple adaptation rules requiring only few versions of
each page. For complex adaptations, this approach gets unmanageable because of
the vast number of different pages needed.

To overcome the problem of the direct dependency between adaptations and
the number of page versions, the approach of fragment-variants(Bunt et al., 2007)
focuses on a more fine-grained level of detail. The idea is to combine fragments
(e.g., paragraphs of text or an image) and present them to the user. In contrast
to page-variants, there is no need to have several versions of a single page; instead,
a pool of fragments is used which can be dynamically linked together to form a
page. Two well-known methods to create such fragmented pages exist: pages build
from optional fragments, or pages created from a given structure. The adaptation
mechanism for optional fragments selects from a fixed number of fragments to fill
up the slots in a page. In the second method, a page is defined by its structure. For
each structural element, a number of fragments exist to choose from. This approach
is used, for example, in the AHA system (De Bra et al., 2002) to create pages based
on the user’s current knowledge. The requirement to have the pool of fragments
in advance, applies to all approaches. Beyond selecting page-variants or fragments,
recent research has also investigated more complex content selection mechanisms
(Bunt et al., 2007). The basis for all of these approaches is to utilise additional
metadata (e.g., domain models, user preference models or Bayesian networks) to
reason about the content.

2.3.1.2 Content Presentation

In the previous section I have described how content is selected in adaptive sys-
tems. Thus, the content has been selected which should be presented to the user.
The second step of the adaptation process deals with the ‘how’-aspect of adaptive
presentation. When presenting content to users, two aspects are essential:

e Selected Media: The type of media in order to achieve media adaptation

e Amount of contextual information: The amount of additional information
which is placed around the main content to provide the context the content is
associated with

Media Adaptation. In media adaptation, the aim is to select the best type of
presentation medium to convey the content to the user. Types of media can be text,
images, videos, spoken language (podcasts), etc. Bunt et al. (2007) identified five
factors to be considered:
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e User-Specific Features: user preferences (prefers videos over text), abilities
(lack of language skills), accessibility issues (e.g. visually impaired users should
be presented with audio rather than text)

e Information Features: depending on the type of information, certain types of
media are better suited to convey information (e.g. quantitative overviews as
a chart rather than a table of numbers)

e Contextual Information: the media type is chosen depending on the environ-
ment the user is in

e Media Constraints: the combination of different media types should fit to-
gether (e.g., videos with subtitles)

e Limitations of Technical Resources: selected media types depend on the tech-
nical infrastructure (e.g. desktop computer vs. Smartphone, available band-
width, surrounding noise, etc.)

The AVANTI system (Fink et al., 1998) is an example of a system which adapts
media to user characteristics (e.g., audio is used to convey information to visually-
impaired users) and technical limitations, by reducing the number of images in
situations with low bandwidth.

Context Adaptation. While media adaptation focuses on the type media to
choose, context adaptation takes into account additional context information to be
presented along with the actual content. Adapting the presentation to the context
of content is making a trade off between focusing on the actual content to convey,
and additional information the content is embedded in (Tsandilas and Schraefel,
2004). The following techniques result in different types of context adaptation:

e Conditional Text: content is divided into several parts which can be individ-
ually displayed depending on the level of knowledge (or other characteristics
of the user)

e Strechtext: contextual information can be uncollapsed by clicking on “hot
words”; depending on e.g., the knowledge level, certain parts of the strechtext
are uncollapsed by default. Strechtext is used in systems such as MetaDoc
(Boyle and Encarnacion, 1994) or KN-AHS (Kobsa et al., 1994)

2.3.2 Adaptive Navigation Support

Adaptive navigation support aims at guiding users through the content of an adap-
tive system by linking content in a sequence which best possibly fits the user. Al-
though the following techniques are not limited to web content only, their success
is closely related to the concept of hypermedia. Links offer an ideal entry point to
adapt the order in which content is presented.

The most popular navigation support techniques are the following:
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e Direct Guidance is a simple technique which highlights the most useful next
link in a list of links, or dynamically adapt the target of a link. Highlighting
a link in a list of links offers more freedom to users because all other links
remain visible as well.

e Adaptive Ordering takes a list of links and sorts them based on different
properties of the user model. A simple example would be to put all visited
links at the end of the list, and not visited links on the top. A clear limitation
of this approach is the need for a list of links. It is hardly possible to sort
links e.g., which are embedded in a paragraph. Brusilovsky (1996) proposed
this technique for information retrieval applications. Additionally, it may not
be clear to users why links have been re-sorted when they visit the same page
at a different time.

e Adaptive Hiding is probably to most widely used technique to guide users
through content. The idea is to hide links which contain information a user
is not yet ready to understand. Hiding is based on data stored in the user
model, and is not limited to lists of links. As for the previous approaches, it
lacks to indicate that there is some more ‘hidden’ information available.

e Adaptive Annotation tries to annotate links with additional information
which can be useful to the user. Annotations can be visualised by changing
the color of a link, or by attaching small icons to them. The most popular form
of annotation are colorings of visited links in most standard web browsers. In
these web browser the user model is the history of visited links which is used to
differentiate visited from not-visited links. Adaptive system can apply much
more sophisticated heuristics based on the various data in the user model.

2.4 Example Systems

In this section I will introduce three of the most prominent adaptive systems which
have been developed and used over the last decade. ISIS-Tutor, the first system
is one of the first adaptive hypermedia systems merged with a intelligent tutoring
system. The second system, NetCoach, is also based on a I'TS but is already a web-
based system. Finally, AHA! is an adaptive course system which has been widely
used for teaching students at universities.

2.4.1 ISIS-Tutor

The ISIS-Tutor is an integrated learning environment based on the concepts of
a intelligent tutoring system (ITS). It was developed by Brusilovsky and Pesin
(1994) as tutoring system for users working with the information retrieval system
CDS/ISIS/M (in short ISIS). ISIS provides a programming language which allows to
access format records stored in the information retrieval system and to format the
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results. To support users in learning more than 50 commands and parameters, ISIS-
Tutor provides a learning environment around the ISIS-System and its programming
language. The core components of ISIS-Tutor are the model component storing a
domain and a student model, a tutoring component offering personalised learning
guidance, a hypertext component delivering the learning content, and a learning
environment where users can select a sample record, apply a formatting string, and
see the resulting output without affecting real data of the ISIS system. Users can
execute all commands step by step to explore changes caused by a command.

2.4.1.1 Document Space

The document space of ISIS-Tutor consists of the domain model and the learn-
ing learning material linked to it. The domain model contains all concepts of the
programming language to be taught. It is structured into a directed graph where
edges denote prerequisite relations between concepts. Learning material is linked to
concepts of the domain model and thus building the document space of ISIS-Tutor.

2.4.1.2 TUser Model

The user model (called student model in ISIS-Tutor) is an overlay model of the
domain model described as part of the document space. At any point in time, the
student model reflects which concepts of the domain model the user has mastered,
was not able to master, or has not learned about at all. For each concept, an integer
counter reflecting the level of mastery, is stored. The student model can be accessed
by all components of ISIS-Tutor to adapt their behavior according to the current
integer value available for a concept. The complexity of adaptation depends on the
number of knowledge states a component can distinguish. A knowledge state is
defined as a range of integer values the counter of a concept could be assigned. For
example, a simple module could only differentiate between two states ‘known’ and
‘unknown’ with one threshold value. The ‘known’-state could be mapped to values
greater then 5, whereas the ‘unknown’-state would range from 0 to 4. Brusilovsky
and Pesin (1994) argue that this thresholding technique offers a flexible way of
adapting to concepts of different levels of difficulty and different classes of users.

2.4.1.3 Observations

To understand how observations take place, we have to take a short look at the
tutoring component first. New users users start with an empty student model.
ISIS-Tutor tutor presents the user with a problem related to a concept. In short,
mastering the problem means to master the concept. If there are no unsolved
problems for a concept, the tutoring component presents a new concept to the
user. Every time a teaching operation is completed, the student model is updated.
Thus, the student model is automatically updated by different components while
working with ISIS-Tutor. The hypermedia component, for example, tracks a users’
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navigation through the learning learning material and updates the concepts in the
student model.

2.4.1.4 Adaptation Component

In ISIS-Tutor, the tutoring component is responsible for generating the adaptation.
The main adaptation parameter is the current knowledge state of a user which
is stored in the student model. Depending on this knowledge state, the tutoring
component marks links with different colors (see Section 2.3.2 and Brusilovsky and
Pesin, 1998). These color-coded links inform users which content is e.g., ready for
learning or has already been learnt.

2.4.1.5 System Architecture

ISIS-Tutor was designed as an environment for learning the print formatting lan-
guage of the information retrieval system CDS/ISIS. Although ISIS-Tutor connects
to the CDS/ISIS to retrieve data base records, it is designed as a standalone appli-
cation. ISIS-Tutor was written in the programming language ISIS-Pascal.

2.4.2 Net Coach

NetCoach (Weber et al., 2001) is a web-based intelligent tutoring system which en-
ables teachers to author adaptive learning courses without programming knowledge,
and offers students a personalised way of learning. It is the successor of a long history
of adaptive tutoring systems: ELM-ART II (Weber and Specht, 1997), ELM-ART
(Brusilovsky et al., 1996), and ELM-PE (Weber and Méllenberg, 1994). Compared
to printed textbooks or a lot of e-learning courses, NetCoach offers courses which
are adapted to the user, adaptable by the user, interactive and communicative.

2.4.2.1 Document Space

The document space of NetCoach consists of four parts: concepts, documents, test
items, and a training criterion. Concepts are connected through a prerequisite
relation which defines the sequence in which concepts should be presented to a users.
Documents and concepts are linked to each other with a one-to-one mapping, and are
themselves structured in a section sub-section style (part-of relation). Prerequisite
concepts can be specified by teachers when designing the course. If no prerequisite
concepts are defined, the default sequence given by the document structure will
be used. Test items are questions to assess the user’s knowledge contributing to a
concept. NetCoach uses test groups (a number of test items) to infer the knowledge
of a concept. With a test item it is not only possible to infer the knowledge of a
single concept, but also concepts related through the prerequisite relation. The last
part of the document space are training criterions assigning a numerical value to
each concept. The criterion specifies the number of test items need to be solved
successfully solved to mark a concept as ‘known’.
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2.4.2.2 TUser Model

The user model of NetCoach is built on top of the concepts contained in the docu-
ment space, and is implemented as an overlay model with four layers:

e First Layer: Stores for each concept whether the associated page has been
visited.

e Second Layer: Stores which exercises and test items which have been done.

e Third Layer: Identifies concepts which have been inferred to be known by a
user; inference is based on links between concept and data stored in the first
layer.

e Fourth Layer: Identifies concepts which have been set by the user as known.

2.4.2.3 Observations

Observations in NetCoach are tightly bound to the four layers of the user model,
and thus can be divided into four different sources of observation. When a user
walks through pages of a course, all page accesses result in an update of the first
layer. A user’s work on exercises and test items is used to update the second layer
of the user model. The third layer is updated by an inference mechanism which is
indirectly steered by page accesses. The last source of observation is explicit input
from a user about concepts which are already known.

2.4.2.4 Adaptation Component

NetCoach’s adaptation component implements ‘curriculum sequencing’, a special
type of adaptive ordering, to provide students with a course adapted to their needs.
To guide students through this course, NetCoach makes use of adaptive annotation
(see Section 2.3.2) to hide or show links depending on their current user model.

2.4.2.5 System Architecture

NetCoach is designed as a web-based client-server architecture. The server is based
on CL-HTTP, which has been implemented with the programming language Com-
mon Lisp, and supports HI'TP 1.1. The server maintains the content, user models,
and NetCoach authoring tools to create adaptive courses. Users do only need a stan-
dard web browser to connect access courses hosted on a NetCoach server. NetCoach
server runs on Linux environments, Mac OSX, and Windows systems. The author-
ing tools support the creation of courses from static HTML pages, Flash content,
HTML with Javascript, and other plugins.
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2.4.3 AHA!

AHA! (De Bra and Ruiter, 2001) is an adaptive learning system which originated
from the field of teaching university courses. It aims to provide an alternative to the
‘one course fits all students’ by offering web-based courses adapting its content to
the student’s knowledge state. The development of the first version started in 1996,
and is currently available in its third version (Bra et al., 2004). A course in AHA
(also referred to as a AHA application) is defined as a set of concepts with certain
requirements and links between them. A single concept could be represented as
webpage but could also be more general, and may link to a number of other concepts.
The author of a course can specify ‘requirements’ for each concepts, which AHA!
uses for adaptation. AHA! is still applied for delivering adaptive courses such as a
course on business English (Héver and Faltin, 2008). In parallel, basic concepts and
lessons learned from work into AHA! have flown into the GRAPPLE-IP Project?.

2.4.3.1 Document Space

The Document Space of AHA! v3.0 is built from two main elements: concepts and
pages. Concepts are defined by a name, a description, and one or more attributes.
Attributes can contain persistent (data from user model) and temporary information
(only available during a teaching session). Concepts can be seen as metadata of
pages. Attached to each concept is a requirements expression used by the adaptation
component to decide which concept to present for a current user’s knowledge state.
The content of a course is contained in pages which themselves are linked to concepts.
Pages are stored in HTML format providing a convenient way of displaying in web
browsers, and allowing to add metadata (e.g. rules for inclusion of a fragment) as
XML tags.

2.4.3.2 User Model

The user model of AHA! V3.0 is designed as an overlay model (see Section 2.2.2.2).
The document space with concepts linked to pages builds the basis for the user
model. The overlay itself consists of persistent and non-persistent attributes linked
to concepts. The most important persistent attribute is the one storing knowledge
levels. The knowledge level in AHA! can be increased and decreased by visiting
a page. Additionally, AHA!’s propagation rules allow to update a set of concepts
with a single page visit. Non-persistent attributes are an exception as they are
temporarily (for a session) stored only. The following Section 2.4.3.3 will explain
how non-persistant attributes are used for observing a user’s activities in AHA!.

2.4.3.3 Observations

Observations in AHA! are based on the non-persistent access attribute in the user
model. When a user logs into a course in AHA!, each access attribute of a concept

Zhttp://www.grapple-project.org/
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will be initialised with the value false. When a user walks through the course, all
pages which have been visited are marked. That is, all access attributes of concepts
belonging to a visited page will be set to true. At the end of a session (user logs out),
any access attribute which was set to true will be be used to update the persistent
knowledge level attribute in the user model.

2.4.3.4 Adaptation Component

The Adaptation component of AHA! v3.0 is driven by a user’s selected page in the
first place (navigation support), and by XML content in a page in the second place
(content presentation). To accomplish these adaptations, AHA! utilises two adap-
tation techniques: Adaptive Navigation Support (see Section 2.3.2) and Adaptive
Content Selection (see Section 2.3.1.1).

Adaptive Navigation Support: Before a page is presented to a user, all links
contained in this page will be evaluated. A link will be shown under two conditions:
the link has not been visited, and the requirements expression of the concept linked
to the page is fulfilled.

Adaptive Content Selection: After having defined the links to other pages,
the content of the page itself is selected. A page in AHA! can be constructed with
static and dynamic content fragments which is surrounded by XML tags containing
rules for inclusion/exclusion. The final page is constructed by taking the static
content and including all dynamic fragments which fulfill the rules.

2.4.3.5 System Architecture

AHA! v3.0 is designed as a client-server system which uses http-requests to exchange
information. Clients are web browsers installed on computers run by users, and a
Apache Tomcat web server. The server runs a number of Java servlets containing
the actual functionality of AHA!. Data about users and concepts is stored in a
MySQL database. The execution flow is as follows:

e A user opens a HTML page of AHA! in her web browser (A http-request is
sent to a servlet)

e The request is processed by a servlet running the adaptation engine

e The web server sends back the adapted web site

AHA! is licensed under GPL v2.0.

2.5 Summary and Outlook to Next Chapter

Being able to compare systems on a logical basis allows to identify possible overlaps
as well as missing functionalities for the case of WIL. In this chapter, three different
aspects have been covered. First, I have described the four basic components of
adaptive systems (Document Space, User Model, Observations, and Adaptation
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Component). Clearly, all these components are involved when designing user model
services for adaptive WIL support. For each of the four basic components, I have
identified and discussed specific requirements for the case of WIL. Second, I have
presented different techniques of how adaptation can be realised. Third, I reviewed
three of the most prominent adaptive systems and described in detail how these
systems implemented the four basic components. Comparing the implementation
of these systems with the discussion of ‘WIL Specifics’ in Section 2.2 it becomes
obvious that these adaptive systems support only a subset of functionality to run in
a WIL environment (see Table 2.1).

Table 2.1: WIL Specifics compared to the functionality of example adaptive systems:
ISIS Tutor, NetCoach, and AHA!

Example System

WIL Requirement ISIS Tutor Net Coach AHA!
Document Space

Automatic Update of Document Space no no no
Different document formats no no no
Real work documents no no no
Observations

Support of current work task no no no
Automatic user model maintenance no no no
Adaptation

Recommendation of knowledgeable people no no no
Support of learning path yes yes yes
User Model

Structural User Model available yes yes yes
System Architecture

Configuration of different domains no yes yes
Client/Server Architecture supported no yes yes

To conclude, this chapter dealt with existing adaptive systems and a discussion
of what could be re-used and what is missing in order to support WIL with regard
to user modeling and user model services. In a next step, now the question shall be
answered what else is needed to enable adaptive work-integrated learning. What are
the concrete requirements for the WIL user model and user model services that can
be derived from WIL theory? This question shall be looked at in the next chapter,
and conceptual design solutions shall be proposed.






CHAPTER 3
Adapting Work-integrated
Learning

In this chapter, theoretical considerations of WIL are being discussed, and requirements
are derived for designing a WIL User Model and WIL User Model Services. Part of this
work has been published in the following papers and reports co-authored by me: APOSDLE
Consortium (2010b); Lindstaedt et al. (2008b, 2009b).

Having described the basic components of a learning system needed to provide
adaptive support, the question remains how a WIL system must actually look like
in order to be most useful. How much and what kind of learning guidance do people
engaged with workplace learning desire, need, and actually use?

3.1 Theoretical Considerations for WIL

A number of design and usability challenges have to be considered in order to actu-
ally bring the benefits of adaptation to the individual user in a WIL setting. Jameson
(2003) has identified predictability & transparency, controllability, unobtrusiveness,
privacy, and breadth of experience as critical challenges for adaptive systems. In
line with Jameson (2003), I will use the term obtrusiveness to refer to the extent
to which a system raises the user’s attention. For WIL environment design, unob-
trusiveness and privacy constitute the hardest challenges. I will elaborate these two
aspects in Section 3.1.1 and in Section 3.1.2. In addition, I will highlight the role of
learning from knowledgeable colleagues in the context of WIL in Section 3.1.3.

3.1.1 TUnobtrusive User Model Maintenance

As described in Section 2.2.2, the user model constitutes the rationale for individ-
ualized learning opportunities of each worker. Many adaptive systems build user
models in an intrusive manner: in order to maintain valid user models, they require
explicit feedback from the user and often at a significant level of user involvement
(Adomavicius and Tuzhilin, 2005). In systems that support learning it is often nat-
ural to administer tests of knowledge or skill. The main advantages of testing are
that it can be used in many domains and it is easy to implement. However, testing
is highly obtrusive and cannot be applied to WIL for many reasons including the
absence of the one correct solution for most work tasks. Thus, ideally, each user’s
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knowledge and skills should be determined based on his or her normal work activ-
ities. Various approaches have been suggested for automatically maintaining user
competency profiles in organizational databases, e.g. based on document authorship
or name-concept co-occurrences (for overviews see Maybury, 2006; Yimam-Seid and
Kobsa, 2003). A theory-based approach has been proposed, for instance, by Ley
(2003) who suggest inferring employee competencies from past task performance.

The problem with automatically diagnosing competences is that deriving in-
formation about user expertise from user interaction with the system (e.g., from
document authorship, communications, e-mails) may lead to an inaccurate user
model. That is, inaccurate information may be represented in the users’ profiles
and as a consequence, the adaptation is ‘wrong’. Thus it is important that users
have the possibility to access and edit their user models. Such functionality has been
presented in the context of research into open learner models (e.g., Bull and Kay,
2007). A further advantage of open learner models is that they enable reflection,
the planning of individual learning, or monitoring one’s own learning progress.

Another challenge for user model maintenance is that users learn from diverse
sources (emails, document repositories, portals) and that there is no central learning
system. Therefore, user activities have to be collected from interactions with these
different sources. A way to address this challenge has been suggested e.g., with the
CUMULATE server by Brusilovsky (2004).

Summing up these considerations, user models for supporting work-integrated
learning should (i) be as unobtrusive as possible, that is, the efforts for users for
maintaining their profiles should be minimized, (ii) and they should be accessible to
its users in order to improve accuracy, and to support reflection and learning, and
(iii) they should be able to collect data from various sources and integrate them.

3.1.2 Privacy

Another requirement for WIL Systems is the aspect of privacy. Privacy is highly
important when deploying systems in real work environments, and may be a knock-
out criteria if not addressed throughly. To enforce user privacy in a WIL system
which maintains a user model, appropriate organisational and technical measures
have to be applied. Enhancing privacy in adaptive systems is a quite complex task as
it depends on the organisational environment, data collected, privacy regulations etc.
Additionally, there is no standard approach to enhance privacy in adaptive systems
(Wang and Kobsa, 2007) but rather of a lot of different approaches developed in
various fields of research (e.g., Spieckermann and Cranor, 2009). For my thesis I
want to highlight the importance of user privacy, but do not investigate it in more
detail.

3.1.3 Finding Knowledgeable People

In line with Billett (1993), I understand learning at work as the acquisition of
knowledge and skills as a function of participation in authentic tasks, with support
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and guidance from other more skilled users. What becomes obvious in this definition
is that (work-integrated) learning is social in nature. It is widely acknowledged that
knowledgeable colleagues are one of the most important sources of knowledge for
workers.

For instance, Kooken et al. (2007) in their workplace learning study observed
four “solution categories” of persons seeking help at their workplaces: interpersonal
help seeking, seeking help from paper based written material, seeking help from
digital written material and practical application (‘trial and error’). According to
the authors, of these strategies, interpersonal help seeking is the one that is applied
most frequently (in 70% of the cases). Finding knowledgeable people, however,
can often be difficult for several reasons. First, the number of workers within an
organization may be too large to know the fields of expertise of everyone. Second,
even if workers work together in one and the same office, they are often not aware of
what their colleagues are working on. Third, competency databases, if available, are
often outdated because manually maintaining these databases is costly. In addition,
such competency databases often comprise rather coarse-grained competencies (e.g.
‘programming skills’). This may result in the situation that most of the questions
that occur are posed to a relatively small group of ‘experts’, even though other
persons also might have been able to provide support. Therefore, in order to support
learning at work, people recommendation is a powerful means.

3.2 Requirements from Theoretical Considerations

In the introduction of my master’s thesis (Chapter 1) the following challenges were
mentioned: Real-Time Learning, Real Knowledge Resources, and Real Computa-
tional Environment. Starting from these three challenges, three high level require-
ments can be formulated:

e Theory-Requirement 1 (TR1): The WIL System should support the user
in an adaptive manner during his or her everyday work

e Theory-Requirement 2 (TR2): The WIL System should re-use resources
within the organisational repository as learning content

e Theory-Requirement 3 (TR3): The WIL System should be embedded in
and interact with a user’s normal work environment

TR1 can be further refined based on the theoretical considerations from Sec-
tion 3.1.

e Theory-Requirement 1.1 (TR1.1): The WIL System should adapt learn-
ing to the task at hand and the background knowledge of its users

e Theory-Requirement 1.2 (TR1.2): The user model of a WIL system
should be maintained in an unobtrusive manner.
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e Theory-Requirement 1.3 (TR1.3): A WIL System should take care of
privacy regulations of the environment being placed in.

TR2 includes both document resources and ‘human resources’ and can be further
refined based on the theoretical considerations from Section 3.1 as follows

e Theory-Requirement 2.1 (TR2.1): The WIL System should be able to
identify and recommend relevant documents within the organisation.

e Theory-Requirement 2.2 (TR2.2): The WIL System should be able to
identify and recommend knowledgeable people within the organisation.

Theory-Requirement TR3 can be refined as follows:

e Theory-Requirement 3.1 (TR3.1): The WIL System shall be able to
interact with standard software that is used at the workplace

3.3 Conceptual Design of a WIL UMS

This section will present a conceptual architecture for designing an adaptive system
for the use in working environments which integrates working and learning aspects
in one place. Foundations of such an architecture have been discussed in Chapter 2
and Section 6.1. In the following, I will describe:

e WIL user model structure and maintenance
e Recommendations supporting WIL

e Different types of WIL user model services

3.3.1 WIL User Model Structure and Maintenance

As explained in Section 2.2.2, the user model is crucial for realising adaptivity.
Various types of user models exist (structural models, feature-based models, etc.).
The question arises how the user model of an adaptive WIL system should look
like. Research into organizational structures has identified that many companies
create and maintain different types of formal models, so called enterprise models of
their work domain (Fox and Gruninger, 1998). According to Ghidini et al. (2009),
the three most popular models are work domain models (typically represented as
an ontology), process or task models (typically represented as a workflow or process
model), and competency (or skill) structures (typically represented as a simple list or
matrix). Such models provide a comprehensive representation of the whole domain,
i.e. they capture the entire knowledge of the workplace. Based on these insights,
it seems obvious to structure the WIL user model as an overlay (see Section 2.2.2
of existing enterprise models of the workplace domain to be supported with the
adaptive WIL system.



3.3. Conceptual Design of a WIL UMS 27

In order to provide adaptive functionality throughout the interaction of the user
with the system, it is necessary that the user model is continuously maintained. As
described in Lindstaedt et al. (2009b), a number of interesting approaches to user
model maintenance have been suggested in other adaptive systems. For instance,
researchers interested in adaptive hypertext navigation support have developed a
variety of ways of analyzing the user’s navigation actions to infer his or her inter-
ests or to propose navigation shortcuts (e.g., Goecks and Shavlik, 2000). Schwab
and Kobsa (2002) came up with an unobtrusive approach for user learning interest
profiles implicitly from user observations only. The problem is that such approaches
for diagnosing user interest cannot easily re-used for diagnosing user knowledge and
skill (which is necessary for maintaining WIL user models).

In Lindstaedt et al. (2009b), a paper of the research group in which my thesis
was written, we have suggested to tackle the challenge of user model maintenance
by observing naturally occurring actions of the user which are then interpreted as
Knowledge Indicating Events (KIE). KIE denote user activities which indicate that
the user has knowledge about a certain topic. Examples for KIE include executions
of tasks which involve that topic, communication with other users about that topic,
and the creation of documents which deal with that topic. All types of user inter-
action with the system may serve as KIE. KIE thus are based on usage data. This
approach goes into a similar direction as the work of Wolpers (2008), who suggest
using attention metadata for knowledge management and learning management ap-
proaches. In order to interpret usage data (KIE), each of the KIE must be related
to one or several concepts in the user model. This allows relating user actions to
knowledge and skills and drawing conclusions about the user’s knowledge level.

3.3.2 Recommendation

From use cases and requirements, two types of recommendations can be derived that
seem to be specifically relevant for supporting WIL, namely

e Learning Goal and Content Recommendation, and

e People Recommendation.

3.3.2.1 Learning Goal and Content Recommendation

One of the main goals of a WIL system is to provide a user with learning content
in a highly adaptive manner. For the selection of learning content, the WIL system
should take into account the actual learning need of a knowledge worker. As has
been explained in detail elsewhere (e.g., Ley et al., 2010a), performing a task is
the main objective of a knowledge worker. This means the learning need of the
user is typically associated with the task he or she wants to perform. The actual
learning need of a user in a concrete situation shall be determined by requirements
of a task at hand, and by a knowledge worker’s existing knowledge and skills, which
has originated from previous learning and working experiences.
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According to APOSDLE Consortium (2010b), three steps have to be performed
in order to provide adaptive learning support to a user: (1) building a task-based
learning history, (2) performing learning need analysis, and (3) computing learning
paths. In the following these will be described in more detail.

With regard to building a task-based learning history, it was suggested to ap-
proximate a user’s knowledge state based on tasks the user was engaged with in the
past. The learning history for each user would consist of a collection of learning
goals related to these tasks which approximates the most likely knowledge state of
the user (see for more details APOSDLE Consortium, 2010b). This step can be
seen as a special case of the KIE approach, here, the only KIE is the task a user has
performed.

In order to provide the best possible support for a worker who tackles a certain
task, the worker’s learning need has to be specified. The second step, performing
learning need analysis, can also be applied if multiple KIEs exist: If there is a direct
link of tasks and learning goals in the enterprise model (competence model), there
is an opportunity to compare the requirements of a task (in terms of learning goals)
with the knowledge state of a worker.

In the third step, a learning path is computed for all the learning goals. A
learning path is a ranked list of learning goals to be acquired by the worker in order
to be able to perform the task. One of the main assumptions in technology enhanced
learning derived from pedagogical principles and theory, is that the learning process
can be improved through guidance (Schmidt, 2005). If the enterprise model depicts
a prerequisite relation between learning goals, this information can be exploited in
the learning goal ranking. If no such prerequisite relation exists, other algorithms
need to be designed.

Starting from a raked list of learning goals, the organisational data base can be
queried in order to find relevant resources that may support the user in performing
his or her task. ‘Scruffy methods’ for finding relevant content using associative
retrieval have been described in Lindstaedt et al. (2008a).

3.3.2.2 People Recommendation

In work-integrated learning, recommending knowledgeable persons means finding
people within the organization who have expertise related to the current (learning)
goal of a user. Similar functionality has been realized by expert finding systems.
For instance, the MII Expert Finder (Maybury et al., 2002) analyses documents and
resumes authored by a company’s employees to build up a name-topic mapping for
recommending experts. Extracting information from outgoing emails, stored chats
and profiles and user details from directories are utilized in the SmallBlue system
(Lin et al., 2008) to provide a ranked list of persons based on a search query. Both
the MII Expert Finder and SmallBlue are designed as centralized systems which
collect all information in a central repository to apply algorithms for recommenda-
tion. A decentralized approach was presented by Vivacqua and Lieberman (2000)
who developed expert-finding agents running on a developer’s computer and inves-
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tigated java code written by this developer. To find an expert, an agent asks other
agents on a network about the expertise they can provide and applies a similarity
model to compile a list of knowledgeable users. For a comprehensive overview of
other approaches to non-commercial expert finders see, e.g., Yimam-Seid and Kobsa
(2003).

Maybury (2006) reports on the challenges of expert finding systems and gives an
overview of how these challenges were addressed in existing commercial products.
All systems described in the review provide a simple keyword-based search interface
to find experts. Recommended experts can be filtered and/or ranked according to
different properties such as years of experience or number of publications. Most
of the systems in the report utilize a variety of sources (databases, email servers,
document management systems) to extract indicators of expertise from text. Ad-
ditionally, most of the tools provide ways to specify personal expertise profiles or
keywords manually. Only a few of them include some kind of behavioral processing
for instance, by analyzing search queries, access to documents, or contributions to
portals. In all the described systems, users do not have the possibility to access and
edit information about their own skills and competencies automatically extracted
by the expert finder tools.

Yimam-Seid and Kobsa (2003) provide an in-depth analysis of the expert finding
problem, and give an overview over existing noncommercial systems in this domain.
The authors present what they call an Intuitive Domain Model of Expert Finding
systems. The model is a faceted classification scheme to describe expert finders. The
following facets are distinguished: expertness deduction operation (e.g., document
authorship), expertise indicator source (e.g., authored documents), expertise indi-
cator extraction operation (e.g., domain knowledge driven), expertise model (e.g.,
query- time generated), query mechanisms (e.g., explicit query for expert), match-
ing operations (e.g., exact/overlap matching) and output presentation (e.g., ranked
list of names).

In line with the Intuitive Domain Model, the following considerations have to be
made when designing expert recommendation for WIL:

1. What are the criteria based on which user expertise is inferred by the system?

2. What are the user interactions with the system (i.e. operations) from which
the expertise of the users can be derived?

3. How is the expertise derived from the user interaction with the system?
4. What is the underlying model of expertise?

5. How can users seek for experts within the system?

6. How does the system respond to a request for an expert?

7. How is the result presented to the users?
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With regard to (1), in WIL, expertise can manifest itself in various ways, such as
the authorship of documents or publications, or the acquisition of projects. These
criteria of who is an expert may also vary in different organizations. Typically,
workers at their workplaces are subjected to time pressure. Thus, in order to derive
information of who is an expert, the challenge in WIL related to (2) and (3) is that
the system can identify expertness as unobtrusively as possible in order to not dis-
turb the users instead of helping them. To define who is an expert in a domain, an
underlying model of expertise is needed. Often, organizations have models about
concepts of the learning domain and their relationships. Such centralized organi-
zational models can then serve as the basis for identifying the level of expertise of
individual employees in each of the concepts in the enterprise model (4). Two differ-
ent scenarios are conceivable in WIL how users could want to seek for experts within
the system (5): First, a user might want to learn about a specific topic. Then, he or
she could access the expert finding system and search for a knowledgeable colleague
who can provide help in this topic. The second scenario is that a user does not
know what he or she is looking for. Instead of active search, the expert finder could
recommend a knowledgeable person who addresses the knowledge need of a user by
taking into account the users’ context. In such a system, no active search of the
user is necessary, the system knows what information a user needs in a learning
situation. It is especially this second scenario that seems relevant for WIL. How the
system responds to a request for an expert, (6) and how the result is presented to
the users, (7) are design decisions that are not specific to WIL systems.

3.3.3 WIL User Model Services

At this point, the question arises how to exploit the information in the WIL user
model and to provide adaptive functionality described in Section 3.3.2.

As has been explained in a paper of the working group in which this thesis was
written (Lindstaedt et al., 2009b), integrating learning support into work practices
does not only mean running a WIL system and applications already deployed in
organizations side by side, but also the possibility to extend and enrich existing
applications. In order to meet this requirement, a service oriented architecture
(SOA) approach to WIL user model design and maintenance based on the OASIS
reference model! is proposed. With the term WIL user model services, I refer to all
kinds of WIL functionality that maintains and utilizes the data stored within the
WIL user model.

The SOA approach has at least four advantages for WIL: First, the paradigm
of SOAs allows to split adaptive functionality into different subgroups (services)
that can be used independently from each other. Second, services can easily be
integrated in existing applications which make them especially attractive for the
WIL situation. Third, services are formally described and thus it is easier to have
an overview of service functionality, protocols, etc. Fourth, existing services can be
used for implementing new services (service mashups).

"http://www.oasis-open.org/committees/soa-rm
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In the following, four types of WIL services are presented that are related to the
user model of an adaptive WIL system and to the WIL system’s adaptivity. These
shall be termed WIL User Model Services (WIL UMS):

e Logging services
e Production services
e Inference services

e Control services

3.3.3.1 Logging Services

Logging services are responsible for updating the WIL user model with observed
KIEs, and thus provide the basis for all other services. Sensors connected to may
different applications within the work environment send detected user activities
(such as task executions, collaboration events, titles of opened documents) to logging
services to be added to the user model. Preprocessing of incoming user activities are
handled here. This could involve the transformation of user activities into a format
required by the user model, or enriching incoming data with timestamps and other
system related information.

3.3.3.2 Production Services

Production services make the stored KIE available to other services within the WIL
system. Service consumers could either be other server-side services, or clients which
e.g., visualise KIEs to support predictability and transparency of the adaptation.
Based on the specific requirements of clients or other consumers, production services
could filter or aggregate KIEs to provide specialised views on the data. For example,
one service could produce a list of all tasks executed by a single user. A client
consuming this service could then provide a timeline-based visualisation of task
executions over time. Different views on the data also offer a way to retrieve usage
data associated with a specific enterprise model. Besides providing predefined views
to filter usage data, production services could also allow to query the user model
with individual parameters.

3.3.3.3 Inference Services

Inference services process and interpret KIEs to draw conclusions about different
aspects of users, such as levels of knowledge or learning opportunities. Inferences
may then be utilised to adapt the functionality of the service itself, or by providing
the outcome to other services. A WIL user model should allow to generate inferences
in different ways: For example, heuristics could be directly applied on KIEs to
generate aggregated information about users. Exploitation of KIEs with regard to
enterprise models, or a hybrid approach by combining heuristics with enterprise
models, could also lead to inferences.
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3.3.3.4 Control Services

Control services provide ways to control KIEs stored in the WIL user model. Con-
trolling usage data is important for handling privacy issues and imprecise KIEs
collected in the user model. Privacy issues could be addressed by applying certain
privacy policies of organisations on logging and production services. An example
would be a policy about data retention, demanding the deletion of KIEs after a
certain period of time. The aspect of imprecise data can be addressed by presenting
users with an overview of KIEs associated with them. Based on this overview users
could then use a control service to manually delete or modify the collected data.

3.4 Summary and Outlook to Next Chapter

In this chapter, I have derived requirements from WIL theory. A first focus was on
the question of how to structure and maintain the WIL user model. The structure
of the WIL user model is crucial because it determines what can be stored in a
user model, the maintenance is important for having up-to-date information. Then,
recommendations in WIL have been identified to be important for finding people,
and finding learning goals and learning materials. To sum up, three kinds of func-
tionality seem to be extremely relevant for supporting WIL: Unobtrusive user model
maintenance, recommendation of learning goals and content, and recommendation
of knowledgeable people. Integrating learning support into work practices does not
only mean running a WIL system and applications already deployed in organiza-
tions side by side. Instead, it is important that there is the possibility to extend and
enrich existing applications. Hence, the approach suggested in my master’s thesis is
to build on some general principles of the SOA paradigm. Following this paradigm,
four types of user model services were proposed (Logging Services, Production Ser-
vices, Inference Services and Control Services) at the end of this chapter that are
needed in order to implement the desired functionality.

In a next step, these general conceptual design principles for WIL User Model
Services will be applied to a real adaptive system (APOSDLE) to be used in real
work environments thereby integrating working and learning aspects in one place.
For this system, existing use case descriptions will be analysed, and further require-
ments for WIL User Model Services will be derived. The main contribution of the
next chapter will be the conceptual architecture of WIL User Model Services of a
concrete adaptive WIL system.



CHAPTER 4

Conceptual Design of the
APOSDLE WIL-UMS

In this chapter, the adaptive WIL system APOSDLE is introduced, and the conceptual
architecture of the APOSDLE User Model, and User Model Services is being described.
Part of this work has been published in the following papers and reports co-authored by me:
Aehnelt et al. (2008); APOSDLE Consortium (2010b); Beham et al. (2009, 2010b); Lind-
staedt et al. (2009b).

The conceptual foundations presented in the previous chapters will now be applied to the
case of a real WIL system. My work on the conceptual design and prototypical implementa-
tion was done in close collaboration with the EU-Project APOSDLE!. The main outcome of
the APOSDLE project is the APOSDLE system (Advanced Process-oriented Self-directed
Learning Environment) aiming to support knowledge workers during their daily work. The
APOSDLE system includes intelligent services that automatically detect the work context
of a user, services that recommend resources and learning episodes. Because of its many
benefits described in Section 3.3.3, the paradigm of a service-oriented architecture was used
for APOSDLE.

Before I will describe in detail the implementation work of my master’s thesis, it is
necessary to understand the functionality of the APOSDLE system.

4.1 Goals of APOSDLE

One of the core goals of APOSDLE is to improve the productivity of knowledge workers
during their every day work by supporting them with relevant resources directly at their
workplaces. Compared to other intelligent tutoring systems or adaptive educational sys-
tems, APOSDLE puts a strong focus on incorporating as much as possible existing resources
available in organisations, rather than creating new learning resources. The APOSDLE
approach (Lindstaedt et al., 2006) is to support learning and teaching episodes tightly in-
tegrated into the work processes by taking into account the work context, such as the task
at hand, and the prior knowledge of the knowledge worker. Workers are provided with
resources relevant to their work context, thus raising their own awareness of learning sit-
uations, content, and people that may be useful for learning at that point in time. This
context-aware knowledge delivery takes place within the usual work environment of the
users. Thereby, APOSDLE takes into account the three challenges of WIL introduced in
Chapter 1: Real-time learning, real resources and real computational environment.

"http://aposdle.org
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4.2 APOSDLE Scenario

The following scenario shall illustrate the core functionality that the APOSDLE system
should provide:

Georg recently joined a mid-sized consultant agency in the field of innovation manage-
ment. His main job is to consult clients to find new innovations on top of their products.
Although he already has some background knowledge on consulting, innovation strategies
and creativity techniques, he is considered as a beginner in his company. To support em-
ployees in doing their daily work, his company introduced the APOSDLE work-integrated
learning system. APOSDLE runs in the background of his laptop computer and collects
data about his interactions (mouse moves, opened documents, written emails, etc.) From
time to time APOSDLE informs Georg about documents available in the company’s docu-
ment store which could help him do his current task. Let’s see how this works in a concrete
work situation.

Georg was told to prepare a workshop with Carview - a company who is a client in the
automotive business building different types of rear mirrors for cars. Carview asked Georg’s
agency to help them finding new ideas and strategies to introduce new, innovative products.
Georg received some initial information about Carview and how to prepare such workshop
from the project leader Susan. He starts to investigate the workshop template to see which
items should be on the agenda. Additionally, he skims through the current product portfolio
of Carview. While reading a specification of a rear mirror, Georg receives a notification
telling him that APOSDLE ‘thinks’ he is working on preparing an innovation strategy, and
might need some additional information available within the company. Georg decides to
follow APOSDLE’s offerings afterwards. In his Windows task bar, an icon indicates that a
task was detected and that information is available. He clicks on the icon which opens the
APOSDLE client presenting him resources relevant for the task “preparing an innovation
strategy”. Georg finds not only documents and videos but also receives recommendations
of colleagues of other departments who have recently prepared similar workshops. At first,
he decides to open a document offering methods to collect strengths and weaknesses of his
client and their products. APOSDLE opens an extended PDF reader capable of highlighting
important sections (called snippets) inside large documents. Georg is directly guided to a
snippet introducing the SWOT analysis. A second snippet introduces another method to
find out how current products a positioned in different markets. Having this information,
Georg is now able to prepare the action point ‘Analysis the current situation’ proposed in
the template.

4.3 Use Cases for WIL Support

Use cases of real users are essential to develop systems that fit the requirements of real
environments. For my work, I could profit from a large-scale study applying a multitude of
participatory design methods Jones and Lindstaedt (2008) at the beginning of the APOS-
DLE project. The outcome of the study was an extensive set of use cases that is documented
in APOSDLE Consortium (2007a).

In the following, I will present these seven use cases which I have identified to be the
most relevant for knowledge workers interacting with an adaptive WIL system. The scope
of each use case is described by a short problem statement, a summary of the use case,
all actors involved, and preconditions which are mandatory for successfully carrying out a
use case scenario. Triggers specify events which have to be met to enter a certain use case.
The row ‘Success Scenario’ lists all steps of actors leading to a successful end state of a use
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case as outlined in the summary. Possible variations of the Success Scenario are listed as
“Extended Scenario”. Figure 4.1 presents an overview of general use cases relevant for the

modifies data in the user model
UCE: Modify user model
retrieves overview of activities stored in the user model
UCS: View user model

- - reads documents, discusses with other users, etc.
UC7: Performing learning
activities

APOSDLE User

contacts a recommended user |
UC3: Find knowledgeable users

utilise user context selects a task

utilise user context

selects recommended resources
UC4: Find resources

selects a learning goal

Figure 4.1: Use cases related to the functionality of APOSDLE’s user model. Rela-
tions between use cases show how they depend on each other.

design and development of a user model. The use case ‘Specify user context’ which contains
UC1 and UC2 is the entry point for users into the system. Based on a users’ context, a WIL
system provides relevant resources (UC4) and knowledgeable users (UC3). To investigate
the data a WIL system collects, users are able to view (UC5) and modify (UC6) certain
aspects of their user model.

4.3.1 UCI1: Specify the work context

Table 4.1 defines how users manually set their current task in the WIL Client, or how a the
WIL Client automatically detects the current task.

4.3.2 UC2: Specify the learning context

Table 4.2 describes how users select a learning goal for which the WIL Backend generates
a list of learning resources.

4.3.3 UC3: Find knowledgeable 