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Abstract 

This thesis is concerned with the ways light-weight ontologies can support scrutability for large user 

models and the user modelling process. It explores the role that light-weight ontologies can play, and 

how they can be exploited, for the purpose of creating and maintaining large, scrutable user models 

consisting of hundreds of components. We address problems in four key areas: ontology creation, 

metadata annotation, creation and maintenance of large user models, and user model visualisation, 

with a goal to provide a simple and adaptable approach that maintains scrutability. Each of these key 

areas presents a number of challenges that we address. 

Our solution is the development of a toolkit, LOSUM, which consists of a number of tools to support 

the user modelling process. It incorporates light-weight ontologies to fulfill a number of roles: aiding 

in metadata creation, providing structure for large user model visualisation, and as a means to reason 

across granularities in the user model. In conjunction with this, LOSUM also features a novel 

visualisation tool, SIV, which performs a dual role of ontology and user model visualisation, 

supporting the process of ontology creation, metadata annotation, and user model visualisation. 

We evaluated our approach at each stage with small user studies, and conducted a large scale 

integrative evaluation of these approaches together in an authentic learning context with 114 students, 

of whom 77 had exposure to their learner models through SIV. The results showed that students could 

use the interface and understand the process of user model construction. The flexibility and 

adaptability of the toolkit has also been demonstrated in its deployment in several other application 

areas.  
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Chapter 1  

Introduction  

This thesis explores the way light-weight ontologies can support scrutability for large user models and 

the user modelling process. That is, we are interested in approaches to create and interact with user 

models in a way that exploits light-weight ontologies for the purpose of scrutability. 

We start with two motivational scenarios that demonstrate the uses of user models in authentic 

environments and illustrate why scrutability is an important aspect, and then we discuss why and how 

light-weight ontologies can be exploited to support user modelling with large user models. 

1.1 Motivation  

The first scenario describes a university course where much of the learning takes place online, 

supplemented with weekly face to face contact with instructors. In fact, the course described in this 

scenario is similar to the context in which we conducted our large scale evaluation, and forms an 

introduction to it. The second scenario describes a possible situation in a ubiquitous computing 

environment. 

1.1.1 A Course in User Interfaces 

This scenario involves a university course on user interface usability and design. The course is taught 

over one semester with learning material delivered through a website. Students are required to log into 

the website to access the learning content. 

The course is organised into learning topics; each object teaches a number of low level concepts all 

relating to usability or design. The learning topics contain online lectures: visual (text and images) 

slides augmented with audio narration. The narration provides a much more in-depth explanation of 

the information on the slide than the content of the visual material. An example of a slide is shown in 

Figure 1.1. Essentially, this is similar to a typical use of slides as an adjunct to the verbal presentation 

of the lecturer in a lecture theatre. Each learning topic has between one and three online lectures.  
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Each learning topic also has an associated weekly face to face tutorial session that contains activities 

related to the online lectures. The nature of the website means that students can access any of the 

learning topics at any time, and can always review past learning objects if they need to. Keen students 

can also access learning topics ahead of the recommended week, moving ahead of the minimum rate 

of progress. 

The course website gives us a perfect environment in which we can capture data about the studentsô 

progress through the semester through simply observing the log data of accesses made to the web 

pages of the learning objects. Additional information about student progress comes through the marks 

accumulated through assessments each week. The assessment marks are graded by a tutor after 

students attend the tutorial session. Now let us consider the following scenario: 

Suppose it is Week 6, half way through the semester. A student in the course, Jane, 

has unfortunately fallen behind in the tutorial sessions because she failed to attend 

the recommended learning objects for Week 5. She decides to examine her profile, 

accessible through the web site. 

Her profile can be seen in Figure 1.2. It lists the learning topics in the course in a 

hierarchical structure and a summary of the concepts taught under each topic. Next 

to each concept is a score given as a percentage. This score is generated as a 

combination of the number of times a student has accessed the web page and the 

marks received from assessments (in this case, marks from the tutorial sessions). 

In turn, each topic also has a score associated with it aggregated from the scores of 

Figure 1.1: A screenshot of one of the learning topics, showing a particular slide on Cognitive Walkthrough and 

controls to listen to the audio.1 
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the concepts under it as well as from lower level topics in the hierarchy. For 

example, the general topic of Usability has the subtopics Empirical Usability and 

Predictive Usability. 

Jane notices that the topic Predictive Usability has a low score. Upon further 

investigation, she sees that it has three subtopics: Cognitive Walkthrough, GOMS 

Analysis and Heuristic Evaluation. Both Cognitive Walkthrough and Heuristic 

Evaluation have low scores, which in turn is causing the low score for Predictive 

Usability. Jane realises that these topics were online lectures she had skipped, the 

cause for the low score in her user model. She now attends the two online lectures. 

Janeôs User Model

Usability

Empirical Usability (0.76)

Monitoring (0.80)

Think Aloud (0.00)

Predictive Usability (0.30)

Cognitive Walkthrough (0.10)

GOMS Analysis (0.83)

Heuristic Evaluation (0.20)

 

Figure 1.2: Janeôs user model showing a hierarchy of concepts and the scores associated with them. 

Janeôs User Model

Usability

Empirical Usability (0.76)

Monitoring (0.80)

Think Aloud (0.00)

Predictive Usability (0.75)

Cognitive Walkthrough (0.71)

GOMS Analysis (0.83)

Heuristic Evaluation (0.78)

 

Figure 1.3: Janeôs user model showing a hierarchy of concepts and the scores associated with them, showing 

her user model after reviewing learning material. 
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When she checks her profile again, it appears as in Figure 1.3; she notices that her 

score for Predictive Usability has risen to because she has spent time viewing the 

learning objects. 

Jane is now happy with the progress she has made so far in the semester. She now 

decides to try working ahead by attending next weekôs recommended learning 

topics. There is a single topic recommended for next week: Think Aloud. She 

examines her user profile again and sees the topic Think Aloud as a sub-topic of 

Empirical Usability. She decides to access this learning topic, as she has recently 

attended the other topic, Monitoring. 

This scenario has much in common with blended e-learning, featuring a conventional learner 

management system. The critical difference is that Janeôs course also has a learner model, and all 

parts of the blended course are linked to it. So, for example, her ñattendanceò at online lectures is 

reflected in the learner model.  

Here, a scrutable, open user model provides a way for students to reflect upon their progress and 

learning during the course. The course described in this scenario will be referred to in the rest of the 

thesis, and will be described in more detail in Chapter 3. 

1.1.2 Shopping for Cameras 

Crazy Camera Bargains specialises in all sorts of cameras and photography equipment, in particular 

digital cameras. They provide an innovative service where people with PDAs or Smart Phones can 

export personal information to the shop via wireless technology and receive personalised 

recommendations for products. The following scenario describes a customerôs possible interactions 

with the system: 

Bob is planning a trip to Japan and has decided he needs to purchase a digital 

camera. He is travelling as part of a business trip to attend a conference, so he will 

not have much time for sightseeing. Bob needs a light compact camera that he can 

quickly pull out and take photos of interesting sights as well as photos of 

colleagues at the conference. 

Bob accesses his user information on his PDA and decides to share some details 

that the shop can use to give him personalised recommendations. Bob decides to 

share his dates of travel, dimensions of a preferred camera, as well as a price range 

among other things. Bob decides not to share certain personal details such as the 

destination or purpose of his travel, or his name and contact details. 
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The shop receives the information from Bobôs PDA as he enters the store and the 

shop system creates a set of recommendations. Bob is presented with a list of 

recommended cameras on his PDA as well as their locations in the shop, all within 

the size and price ranges Bob prefers. In addition, the store has inferred that he is 

leaving the country soon and also lists a duty free price for all the cameras, as well 

as some peripheral products he might consider purchasing such as camera bags, 

spare batteries, and an international power adapter for the battery charger. 

Bob selects a camera he likes, as well as a camera bag and a spare battery. He 

decides not to purchase an adapter as he has one already. Bob goes back to his 

PDA and exports his contact details from his user information that is then used by 

the store to generate an invoice and the appropriate warranty information.  

Once the transactions are complete, Bob sets all his recently shared information to 

private again and leaves the store with his new purchase. 

This scenario illustrates the potential benefit if users have an easy way to manage their user models in 

a situation where inferences can be made about them from the information they share out. 

1.2 Motivation  

We will draw upon the scenarios above to illustrate our motivation for exploring how light-weight 

ontologies can support scrutability of large user models and user modelling. 

The need for scrutability and user control 

User adaptive systems employ collected and processed data about a user to perform adaptation. This 

data contributes to a user model, which is a knowledge source containing explicit assumptions about 

all relevant aspects of the user, that can be decoupled from the rest of the system (Kobsa and Wahlster 

1989).  

This thesis is concerned with making the user model scrutable (Kay 1999). It is important that users 

are able to inspect and understand the user model and have a sense of control over what is done with 

the information held within. The two scenarios described above illustrate this: 

¶ Jane needs to be able to relate what she sees in her user profile to what is taught in the course. 

Jane realises that the concepts in the user profile are categorised under the course topics and 

knows that she can visit the relevant learning objects when there are concepts she does not 

understand. 
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¶ Bob keeps personal information on his PDA. This information includes details of his tasks 

(such as his trip details) as well as preferences (his specifications for a camera). Bob can 

inspect this information and control what is shared with the store. 

The European Union Data Protection Directive (1995) defines personal data as information relating to 

a person who can be identified or is identifiable from this information ñin particular by reference to an 

identification number or to one or more factors specific to his physical, physiological, mental, 

economic, cultural or social identityò. Article 12 also states the userôs right to obtain: 

ñcommunication in an intelligible form of the data undergoing processing and of 

any available information as to their sourceñ 

ñas appropriate the rectification, erasure or blocking of data, the processing of 

which does not comply with the provisions of this Directive, in particular because 

of the incomplete or inaccurate nature of the dataò 

User models should be considered personal data (Shreck 2001), and under the EU directive, they 

should be accessible to the user. There is also growing recognition among commercial organisations 

and companies regarding privacy, user control and knowledge of their personal data. Prabhakar 

Raghavan, current head of Yahoo! Research1 states (Farber 2005): 

ñUsers should have control of what data is collected or given up and knowledge of 

what is done with itò 

ñGiving every person their clickstream doesnôt make a lot of sense ðmost donôt 

want it ð but they should have knowledge and control.ò 

In 2007, Google Inc.2 made a press release regarding their data retention policies, stating that beyond 

possible legal requirements for retention of user identifiable search logs, any data used in 

personalisation services would be at the control of the user (Fleischer and Wong 2007): 

ñIn the future, it's possible that data retention laws will obligate us to retain logs 

for longer periods. Of course, you can always choose to have us retain this data 

for more personalized services like Search History. But that's up to you.ò 

These are compelling examples of the importance and value of user data. They also highlight the 

importance of users being able to understand their own data to enhance their own experiences, for 

example, the abovementioned personalised services provided by Google.  

                                                      
1 http://research.yahoo.com/ 
2 http://www.google.com/intl/en/press/ 
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Scrutability becomes especially important when user models are very large, consisting of hundreds or 

even thousands of components. Inference can be something that becomes very complex due to the 

number of components involved, creating considerable challenges to maintain the scrutability of the 

user model. There is a need to explore ways to structure and visualise user models to make the user 

modelling process in these situations more explicit and understandable. 

Ontologies to structure user models 

An ontology is defined as an explicit specification of a conceptualisation. It is a shared understanding 

between the system and users of the objects, concepts and their relationships (Gruber 1993).  

There is a role for ontologies in providing structure to a user model. In cases where the user model 

does not have a suitable structure to organise the components in the model, an ontology should be 

extremely useful, both because it can provide such a graph structure and because that structure should 

make sense to the user, in terms of the meanings of the concepts modelled.  

¶ Janeôs course has a hierarchical structure over the learning objects, which in turn helps 

categorise the concepts within them. The user profile that Jane views utilises the structure of 

the course to display the information in her profile. 

 

¶ The information that Bob shares is used by the store to generate recommendations. There is a 

structure to the product catalogue in the store and that structure allows the system to find 

items related to Bobôs personal information. 

This thesis proposes the use of light-weight ontologies to structure user models. In the scenarios we 

can see that both Janeôs user model and the product catalogue for the camera store are both 

hierarchical in nature, and can be considered light-weight ontologies. We are interested in light-

weight ontologies because of their prevalence in many systems, and the ease at which they can be 

created. 

Ontologies and reasoning about users 

Ontologies also can be used for reasoning. By knowing a subset of facts within the domain, new facts 

can be produced by inference. We can use inference on user models with an ontological structure to 

find out new facts about the user.  



8 

User models typically consist of components, each a single piece of information or belief about the 

user. Even though the user model may be very large with hundreds or even thousands of components, 

it is important that the system maintains scrutability, particularly in reasoning about the data, whether 

it is by the user modelling system or other users who might have access to data from the user model. 

Therefore, it would be extremely useful for users to be able to explore possible inferences that can be 

made about them by an agent from their partial user model. This is important because even though the 

partial user model may only contain a subset of data, many inferences can be made about the user 

based on an underlying ontology. 

This is especially true in Bobôs case where he wants to keep certain details of his trip as well as 

personal contact information private. The store can still provide adequate recommendations even with 

partial information about Bob by making inferences. Figure 1.4 illustrates this. In this case, Bob has 

chosen only a subset of components from his user model (top right) to be shared out. The system 

allows him to inspect possible inferences that can be made about him from this information (bottom 

right). 

Ontological inference is very important in environments where evidence feeds into the user model at 

different granularities. A typical example of this is in e-learning environments, where course 

materials typically teach fine-grained concepts that contribute to higher level learning goals. It is 

important to be able to model both coarse and fine grain concepts in the learner model, so that learners 

can see their overall learning progress and goals through the coarse grained concepts, and also 

Bobôs Public Model Camera Store Ontology 

Jul 26 21:28:54  

Jul 26 21:29:40  

Jul 26 21:35:01  

Jul 26 22:08:17  

Jul 26 23:19:55  

Jul 26 23:35:36  

 

Bobôs User  Data 

Inferences about Bob 

Bobôs User Model 

Figure 1.4: An illustration of Bobôs user model (middle) created by mapping his user data (bottom left) to an 

ontology (top left), the information he has chosen to make public (top right) and the things that can be inferred 

about him from the public information (bottom right). 
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determine what elements of work contribute to these high level goals through the fine grained 

concepts (McCalla and Greer 1994). 

In the scenario where a learning system was modelling Janeôs learning of usability and user interface 

design, the granularity of the learning material plays an important role in the distribution of evidence, 

as seen in the screenshot of her user profile in Figure 1.2. The more general concept Usability has no 

direct evidence sources (and thus no value associated with it), but the finer-grained concepts all have 

direct evidence sources and values based on learning evidence. Ontological inference plays a role in 

reasoning about Janeôs knowledge of the higher level concept Usability. 

Figure 1.5 illustrates how Janeôs learner model is created by overlaying her usage of the course 

material to an ontology of the course subject matter, in this case the field of Usability. Her learner 

model contains some concepts that have accreted evidence directly from an evidence source (coloured 

in shades of pink) and others that have no evidence because they are coarse-grained (coloured white). 

Ontological inference allows the system to reason about Janeôs knowledge of these concepts; this is 

based on her knowledge of the concepts that have direct evidence (the white concepts have become 

pink on the middle right illustration of her learner model after ontological inference). 

1.3 Identification of Key Problems 

To support the scrutability of large user models and the user modelling process with an approach 

based on light-weight ontologies, such as in the scenarios involving Bob and Jane, there are a number 

Ontology of Usability 

Jul 26 21:28:54  

Jul 26 21:29:40  

Jul 26 21:35:01  

Jul 26 22:08:17  

Jul 26 23:19:55  

Jul 26 23:3 5:36  

 

Janeôs Usage  Data 

Janeôs Learner Model  

Inferences about Janeôs 

Knowledge 

Figure 1.5: An illustration of Janeôs learner model (middle) created by mapping her usage of the learning 

concept (bottom left) to an ontology of the course concepts (top left) where there is no evidence for the high 

level concepts. Inference allows Jane to get an overview of her knowledge in these concepts (middle right). 
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of challenges in different areas that must be addressed. A graphical representation of these challenges 

is shown in Figure 1.6. 

The four boxed components are core to our approach to ontology-supported user modelling. The user 

(blue box at the top) interacts with a visualisation driven interface to a large user model, as described 

in the previous section. Problems that must be overcome are associated with each core component via 

the black lines. Our approaches to address these problems using other core components are shown 

with the blue lines.  

We now define and describe each of these core components in Figure 1.6 along with their associated 

problems and challenges: 

Issues relating to the user model and user modelling  

The overall goal of this thesis is to address the scrutable user model interface problem. We have 

highlighted this problem in pink in Figure 1.6. When users interact with their user model, there is a 

real challenge in making it easily understandable, explainable and accountable. We want to be able to 

provide an interface that allows users to access and explore their user model as well as the underlying 

processes for system beliefs. When we are dealing with a large amount of information coming from 

both the user model and the domain content, the importance of an effective interface to support 

scrutiny of the user model and user modeling process is paramount. We now briefly discuss 

Granularity

(Granularity problem)

Interface

(Metadata annotation

problem)

Fanout

(Fanout problem)

Enhancement

(Restricted ontology

problem)

Construction

(Ontology construction

problem)

Interface

(Ontology interface

problem)

Interface

(Scrutable user model

interface problem)

Maintenance

(Evidence normalisation problem,

Evidence combination problem)

Vocabulary

(Metadata vocabulary

problem)

Definition

(User model definition problem)

Ontology User ModelMetadata

Visualisation

User

Figure 1.6: Problems and goals associated with scrutable user modelling based on light-weight ontologies. 
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underlying issues with user modelling that we must overcome in the process of providing such an 

interface. 

One of the most common ways to represent a user model is an overlay model, where components in 

the user model are mapped to a domain model (VanLehn 1988). The user model is typically an 

unstructured bag of concepts, each having a value representing user knowledge. In this thesis, we are 

interested in creating overlay models where light-weight ontologies are used as domain models. This 

way, the ontology can be exploited for both scrutability of the user model and also reasoning about 

users. 

We now examine the different evidence sources that are widely available in user modeling 

environments, in particular, learning environments. Our goal is to build scrutable user models, so it is 

important that we carefully consider the characteristics of the different evidence sources available for 

reasoning about the user. Ideally, even after possibly complex processing of the evidence, a user 

should be able to understand how the evidence source contributes to their user model. We now refine 

this notion of evidence, identifying three important properties which play a critical role in user 

modeling. They are all particularly important because they interact with potential roles for ontologies. 

Table 1.1 shows a (non-exhaustive) list of evidence typically available in a blended e-learning 

environment. The table summarises some important properties of each of the evidence sources. 

The granularity column indicates the grain size that is typical of the learner model evidence from that 

source. For example, in the scenario with Jane accessing online lectures, the evidence is fine grained 

because a single lecture slide, with its associated audio, typically teaches a very specific set of fine-

grained concepts. Similarly, a single multiple choice question tends to be very fine grained (e.g. a 

question on single digit addition). However, a combined grade for several multiple choice questions 

on a variety of different concepts relating to a particular topic is coarse-grained (e.g. a multiple choice 

quiz on single digit arithmetic involving addition and subtraction). We can see that widely available 

sources of learner modelling evidence in blended e-learning contexts have a range of granularity. 

Table 1.1: Summary of widely available evidence. 

Examples of sources Granularity  Purity  Reliability  

Logs of online lecture ñattendanceò Fine High Low 

Final course mark Coarse Low High 

Multiple choice question on a single concept Fine High High 

Grade for weekly class quiz involving several multiple 

choice questions 
Coarse Medium High 

Semester long group project Coarse Low Medium 
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The second column shows the purity of the evidence, meaning whether the single piece of evidence 

includes different aspects. For example, a student answer to a sophisticated and complex task may 

require several skills and an incorrect answer may be caused by problems in any of these and so, the 

purity of the evidence is low and they are multi-faceted. An example of this from Table 1.1 is a 

semester long group project that asks students to design a website and build a prototype from a set of 

requirements. Here, the students must demonstrate knowledge of both screen design and requirements 

analysis concepts, as well as web programming skills. Marks from such a project would generate 

evidence across several different components in the user model that represent different conceptual 

aspects of the project. 

There is also a relationship between purity and grain size, in that very fine grained evidence will tend 

to have high purity.  It is easier to build reliable learner models from very pure evidence. In a system 

that can capture marks for individual multiple choice questions (which would be fine-grained and 

pure), a mapping can be made between each question to a concept in the user model. In contrast, a 

system that can only capture aggregated marks from a multiple choice quiz (which can be seen as 

coarse grained and impure) will have to map a single mark to multiple user model concepts that the 

quiz examined. 

The final column indicates the reliability of each evidence source. For example, evidence based on the 

time spent listening to online lecture slides is of quite low reliability for many reasons. We certainly 

cannot tell whether the learner actually listened to the audio. Nor can we tell whether accesses were 

actually due to a student allowing another to use their account.  All the sources of noise in this 

evidence source make it of low reliability.  Similarly, the reliability of marks from a group project is 

not highly reliable unless the contributions from each member are honestly stated and accurate. By 

contrast, examination marks are generally highly reliable; with high likelihood they represent the right 

person and because the grading and recording of examination marks are done especially carefully.  

Based on these issues, and also illustrated in Figure 1.6, there are a number of challenges related to 

user modelling that we need to overcome in this thesis: 

¶ Definition: overlay models typically consist of a bag of concepts that represent components in 

the user model, with these mapping back to the domain model. We need to be able to choose 

a suitable set of concepts that are representative of the task, context and domain for which we 

are creating user models. We call this the user model definition problem. In our approach 

shown in Figure 1.6, we aim to draw upon the concepts used as metadata to define the user 

model. 
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¶ Maintenance: user models contain system beliefs about users generated from evidence 

collected about users, from different sources, in a domain or context. An important problem is 

the process taken to update the user model with new evidence. We want this process to be 

simple enough to be able to explain it easily to users, and also flexible enough to allow 

customisation to match user preferences or interaction styles. Importantly, we need to 

consider the issues of purity, reliability and granularity as discussed above. There are two 

important issues that arise relating to reliability and purity: 

 

¶ The evidence normalisation problem: define how the available data from the different 

types of evidence sources contribute to concepts in the user model, addressing the issue of 

varying types and amounts of evidence from the evidence sources. An impure source of 

evidence will teach several concepts. Therefore, we must be able to feed evidence into all 

relevant concepts based on this type of evidence source. 

 

¶ The evidence combination problem: we must deal with issues of varying the reliability 

and number of evidence sources when aggregating the evidence across different sources 

to determine a value in the user model. We must be able to distinguish between reliable 

and unreliable sources of evidence and combine them accordingly. 

 

¶ Granularity: the granularity problem relates to the way evidence sources contribute data 

to the user model and the fact that there may be components in the user model that have 

little or no evidence, but we would still like to reason about them in a useful fashion. We 

call this the granularity problem. 

Issues relating to ontologies 

We categorise ontologies into two types: heavy-weight and light-weight. Heavy-weight ontologies 

tend to have formal groundings and axioms that can be verified using logic. A light-weight ontology 

is usually a hierarchy of concepts related by taxonomic is-a relationships. There may also be non-

taxonomic relationships. The relationships are not formalised in logic such as the ones in heavy-

weight ontologies.  

This thesis is primarily concerned with the application of light-weight ontologies for scrutable user 

modeling. Thus, there are some additional requirements specific to this purpose. These are scrutability 

and the ability to support a reasoning layer specific to user evidence. There are a number of 

challenges as indicated in Figure 1.6 that must be addressed for the ontologies to be used in our 

approach: 
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¶ Construction: creating ontologies is challenging; we require a source of knowledge of the 

domain we are trying to model (either through experts or documentation); a process by which 

we can identify the concepts and relationships that make up the ontology, and a way to 

represent the ontology. For the purpose of this thesis, we are particularly concerned with 

scrutability, and need an ontology construction process that can facilitate this need. We call 

this the ontology construction problem. 

 

¶ Enhancement: an ontology, as initially created may not contain all the concepts and 

relationships necessary for the task intended. It is imperative that ontologies be easily and 

quickly updatable; this, however, introduces the challenge of being able to enhance the 

ontology without compromising its integrity. We call this the restricted ontology problem. 

 

¶ Interface: we require an effective interface for viewing and exploring the ontology as well as 

in the aforementioned construction and enhancement processes. We also explore how the 

interface can be applied to the other core areas of metadata annotation and user modelling. 

The blue line to this problem from the Visualisation component in Figure 1.6 indicates our 

goal to utilise visualisation techniques to contribute a solution to this challenge. We call this 

the ontology interface problem. 

Issues relating to metadata 

Metadata is information about information. It provides a structured, machine-readable  description of 

content in unstructured or semi-structured information sources that is machine understandable (Swick 

2000). This is usually achieved through the use of annotations to the content from a set of 

standardised terms (the metadata vocabulary). 

As this thesis is concerned with the application of light-weight ontologies for user modelling in real 

domains, there is a need to support markup of metadata for the domain content. This needs to be done 

in such a way that the user modeling system can interpret the metadata and relate the content it 

describes to components in the user model. There are several challenges relating to metadata in this 

context, as shown in Figure 1.6: 

¶ Vocabulary: structured metadata needs a common vocabulary of descriptive terms that can be 

used to describe domain content. The vocabulary must be verbose enough to describe the 

content in the domain adequately. We call this the metadata vocabulary problem. This 

problem has been widely recognised in the context of information retrieval (Furnas, Landauer 

et al. 1987).  
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Our approach, as seen by the blue line to this challenge in Figure 1.6, is through the use of 

ontologies, as they readily provide a vocabulary of metadata terms through their explicit 

specification of concepts that exist in a domain. Ontology enhancement techniques can 

provide added benefit in directly affecting and improving the terms in the vocabulary when 

the source ontology is improved with additional terms or clarifications. 

¶ Interface: metadata annotation is a time-consuming and tedious task, especially when one has 

to annotate a large collection of documents. Providing a good interface can help make the task 

easier and faster. However, there are two challenging issues associated with this. Firstly, the 

metadata vocabulary can be very large and those people who need to define the metadata will 

need a way to retrieve relevant terms easily and quickly. Secondly, the content to be 

annotated may involve multimedia objects such as audio or video; in that case we cannot rely 

on traditional text processing techniques to identify keywords. We call this the metadata 

annotation problem. We believe visualisation of an ontology can aid users in the metadata 

annotation process, as seen by the blue line to this problem in Figure 1.6. 

Issues relating to Visualisation  

A visual interactive interface of information that aids and amplifies peopleôs cognition of data (Card, 

Mackinlay et al. 1999). For this thesis, the use of a visualisation and visualisation techniques underpin 

our approach to addressing the interface challenges with respect to the ontology, metadata and user 

model components, as indicated by the blue lines from the visualisation component in Figure 1.6. In 

particular, we are concerned with the use of ontology visualisation as a basis for creating scrutable 

interfaces. There is a problem relating to this that we must address: 

¶ Fan-out: Even though ontologies lend themselves naturally to visualisation as a graph 

structure, there are issues when there is a large variance in the amount of connections into and 

out of each node in the graph. There is a dual challenge in being able to create ontologies that 

minimise this variance, and visualisations that are flexible enough to display ontologies that 

have a large variance in the number of connections for each node. We call this the fan-out 

problem. 
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Summary of problems and challenges 

Table 1.2: Summary of problems and challenges. 

 

1.4 Light -weight Ontologies for Scrutable User Modelling (LOSUM) 

Our approach and solution presented in this thesis is the Light-weight Ontology-based Scrutable User 

Modelling (LOSUM) toolkit. Together, this not only provides a complete system, but also a collection 

of tools that utilise light-weight ontologies for the purpose of scrutable user modelling. In particular, 

we apply the user model visualisation tool, Scrutable Inference Viewer (SIV), for a number of 

important roles in our approach, as suggested in Figure 1.6. 

Figure 1.7 shows a broad overview of our approach featuring four core data components in our system 

in light blue. The directed arrows between these show the information flow. The actual application 

components utilised in LOSUM are shown in dark blue boxes on the outer edges. We describe these 

below and how LOSUM aims to address the problems indicated in Figure 1.6. 

User Model Visualisation 

An important goal of LOSUM is to be able to provide an interface for users to scrutinise user models 

that have large number of components in environments such as those described in the scenarios for 

Bob and Jane. We believe this is important, as user models are complex data structures that should be 

able to be explained or interpreted by users of the system who might not have a deep understanding of 

the modelling process. 
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In LOSUM we address the scrutable user model interface problem with an interface called the 

Scrutable Inference Viewer (SIV). We chose a visualisation approach to aid users in scrutinizing 

and understanding the information in these large user models. It provides scrutability by exploiting the 

scrutable nature of an underlying light-weight ontology to both structure the user model components, 

and also as a way to perform ontological reasoning. 

SIV is incorporated into both the ontology and metadata components of LOSUM which we describe 

below. It is this flexibility of SIV that makes it a core component of LOSUM and also our approach to 

addressing many of the aforementioned problems. 

Ontology 

The ontology plays a central role in LOSUM, and is shown on the bottom left of Figure 1.7; in 

particular, it gives an underlying structure to the user model visualisation and also the ability to 

perform inference on the user model. At the same time, it forms the basis for a metadata vocabulary. 

However, as shown in Figure 1.6, there are a number of issues and problems that deserve attention. 

The first is the ontology construction problem. Although it would make sense to utilise a ready made 

ontology, such as a product hierarchy described in the Camera Shopping scenario, this may not be 

available for the domain being modelled. LOSUM addresses this by including a tool called Mecureo 

that can construct light-weight ontologies for user modelling from existing glossary and dictionary 

sources (Apted and Kay 2004). Mecureo has been designed to create scrutable ontologies, in the sense 

the ontological reasoning can be explained by references back to the source dictionary. 
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The restricted ontology problem is another issue that must be addressed. We need a way to enhance 

ontologies constructed from glossary sources, to take into account terms used in definitions but not 

defined in the dictionary or glossary. In the User Interface course scenario, such terms might be the 

concepts that are core to the domain, but are at a level too fundamental to be included in a specialised 

glossary. An example of this might be the concept novice user, which might not be included in a 

specialised glossary on usability evaluation techniques. Such concepts are often fundamental to a 

teaching context, and thus it is crucial that they are identified and defined early on in the process. 

LOSUM tackles the restricted ontology problem during the metadata annotation stage. An interface 

has been added to the metadata annotation system to allow users to define new metadata terms and 

definitions for them, thus treating them as part of a new user defined glossary. This user defined 

glossary is then processed with the original glossary or dictionary in the same fashion by passing it 

through Mecureo to generate a new ontology incorporating the new terms. 

The fan-out problem is addressed in a similar way to the restricted ontology problem. There are two 

main problems here. The first is in the case of concepts that have little or no relationships to other 

concepts in the ontology. In this case, since the ontologies are generated through automated 

techniques, the most straightforward approach is to enhance the definitions for the concepts that have 

a low number of relationships to other concepts in the ontology. The second problem arises when 

concepts have a lot of relationships. LOSUM provides a solution on the interface level where 

relationships can be filter out on the display.  

The ontology interface problem is addressed through the use of SIV as a way to visualise the 

ontology. It is important to provide an effective visualisation of the ontology, to easily identify any 

problems with the automatically-generated relationships early on. SIV provides both an efficient and 

broad overview of the ontology, and also allows for exploration and scrutiny of the concepts and 

relationships. Therefore SIV plays an important role in both the ontology creation process, and also in 

managing the fan-out issues described above. 

Content and Metadata 

We require the content to be annotated with metadata. Metadata annotation is a time-consuming and 

tedious task, especially when the content being annotated is multimedia.  

The content and metadata components of the system are indicated on the top left boxes in Figure 1.7. 

We can see the outward arrows from these components to the user model: metadata allows systems to 

map user interests or knowledge from their user models to the content itself (User Model Definition 

arrow), thus providing a way to easily accrete evidence about user behaviour to specific components 

in the user model (Evidence arrow). The inwards arrow in Figure 1.7 shows that ontologies can play a 
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role in the definition of metadata because they not only provide a common understanding of the 

domain, but also a common vocabulary that can be used in the annotation process. 

In the context of the thesis work, the User Interface Design and Programming (UIDP) course taught 

here at the University of Sydney provides learning content that require annotation. LOSUM addresses 

the metadata annotation problem through a novel interface that incorporates the SIV visualisation tool 

to allow users to explore the ontology in the annotation process. This tool is called Metasaur. 

Ontology visualisation during the annotation process can help user cognition in the discovery of 

metadata concepts that might be appropriate for the markup of a particular piece of content. Metasaur 

also incorporates the interface to add new concepts to the domain glossary and address the restricted 

ontology problem as mentioned above. 

User Model 

User models are stored in a user modelling system that provides a way for evidence to be accumulated 

and stored, and also a framework for the interpretation of this evidence to form system beliefs. In 

addition, the user modelling system provides user model data to client applications and tools. LOSUM 

incorporates the Personis user modelling server (Kay, Kummerfeld et al. 2002), with a set of custom 

resolvers to process the evidence. Personis stores user models, and provides functionality to accrete 

and resolve evidence that is stored with each model. 

The user model maintenance problem involving the maintenance of user models based on usage of 

existing systems is a challenging task. We explore a process to construct individual and group user 

models from web log and assessment data. We want the whole process to be simple enough to explain 

it easily to users, and also easily customised to match their preferences or learning styles. This process 

takes into account the reliability, purity and granularity of the different evidence sources. There are 

two important issues that arise, with the approaches described implanted as resolvers in Personis: 

¶ The evidence normalisation problem: we deal with impure and varying amounts of evidence 

from a single source by introducing a relative measure. Evidence pouring into the user model 

is compared and normalised against a standard user model. This ensures that data is 

comparable between different user models where there is a varying amount of evidence 

generated for each user. 

¶ The evidence combination problem: we must deal with the issues of varying reliability and 

number of evidence sources when aggregating the evidence across different sources to 

determine a value in the user model. We introduce a scrutable weighting formula for each 

evidence source so they can be combined in a way that takes into account their reliability; 
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The granularity problem is addressed through the use of ontological reasoning to infer about 

components or concepts in the user model that do not have direct sources of evidence. An important 

issue is that reasoning in light-weight ontologies cannot use the same methods as formal ontologies: 

either the ontology must be repaired, or non-standard reasoning methods have to be applied (Huang, 

Harmelen et al. 2005). In LOSUM, we have developed a method for light-weight ontological 

inference called the onto-increment approach that takes into account ontological relationships with a 

particular emphasis on scrutability of the reasoning process. 

1.5 Contributions 

The contributions this thesis provides to the field of user modelling are: 

¶ LOSUM, an implementation of a toolkit that utilises light-weight ontologies to support the 

user modelling process and in particular, large user models that comprise of hundreds of 

components. Chapters 3 to 7 describe the elements of LOSUM. 

¶ SIV, a visualisation tool that shows how light-weight ontologies can be used to structure and 

visualise a large user model, addressing the scrutable user model interface problem and also 

the ontology interface problem. Chapter 3 describes the user view of SIV in the context of a 

learning domain; Chapter 4 discusses the implementation of SIV and the flexibility of its 

design to allow it to operate in a number of different roles.  

¶ Metasaur, an interface for annotation of content, illustrating our approach to the metadata 

annotation problem through the inclusion of SIV as an ontology visualisation tool to aid users 

in discovering metadata terms, and also as an interface to address the restricted ontology 

problem in a practical way. 

¶ The use of light-weight ontologies to address a number of problems encountered in the user 

modelling process and the scrutability of large user models, as shown in Figure 1.6, and 

demonstrated in the LOSUM toolkit mentioned above. These are:  

o the issue of common vocabularies for metadata terms and user model components in 

the user model definition problem; 

o the granularity problem in which we utilise the ontology to support reasoning across 

granularities in the user model; 

o the interface issues associated with the metadata annotation problem and the 

scrutable user model interface problem. 
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¶ Scrutable approaches to processing evidence based on comparison to a relative standard as a 

way to address the evidence normalisation problem, and a scrutable method to combine 

evidence across different evidence sources to address the evidence combination problem 

(Chapter 7). 

¶ An evaluation of actual use and usability in an authentic learning context of a course with 114 

students, of whom 77 had exposure to their learner models through a configuration of 

LOSUM called UI-SIV (Chapter 8). 

¶ A demonstration of the flexibility and power of LOSUM as a toolkit for constructing user 

models from light-weight ontologies by its deployment in several applications (Chapter 9). 
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Chapter 2  

Background 

This thesis explores the ways that light-weight ontologies can support scrutable user modelling. This 

chapter presents a review of research relating to this thesis, and how they address the problems 

identified in Chapter 1. The review is divided into two main areas:  

¶ Ontologies in user modelling: discussing light-weight ontologies and their role in helping 

define metadata and user models. 

¶ Scrutable User Modelling: examine different user modelling systems, and then specifically 

user model visualisation tools. 

The core components from the system are indicated in italics. Many of the systems and approaches 

described here address one or more of these core areas; we indicate how they relate to the work done 

in this thesis. 

2.1 Ontologies and User Modelling 

This thesis is concerned with the use of ontologies, in particular, light-weight ontologies in user 

modelling. We are interested in ways to create ontologies easily, and have them readily usable to both 

structure user models and also play a role in defining or describing domain content as well as 

reasoning about the user.  

Although ontologies have their roots in the field of artificial intelligence, they have also  attracted the 

attention from other fields such as knowledge management, information retrieval and electronic 

commerce (Fensel 2001). Ontologies have also been applied to the field of user modelling, which 

itself overlaps many of the aforementioned fields. In these systems, ontologies provide a crucial link 

between the domain content, user models and adaptation. For example, in information retrieval, 
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ontologies can aid in the provision of more personalised results based on individual interests and 

knowledge based on information in a user model (Luca and Nurnberger 2004). 

This section begins with an examination of the role of ontologies in the Semantic Web, and the 

technologies to support them. We then examine methods to construct ontologies using ontology 

learning techniques, ontological reasoning and follow up with a discussion on the relationship 

between ontologies and metadata. During our discussion we will highlight relevant systems or 

applications that relate to user modelling, and in particular we focus on the use of light-weight 

ontologies. However, we will discuss heavier-weight ontologies as appropriate due to the ease at 

which they can be simplified into light-weight ontologies, such as the approach taken in (Tallon 2005) 

where relationship types in the heavy-weight ontology are simplified. 

2.1.1 Ontologies and the Semantic Web 

The Semantic Web (Berners-Lee, Hendler et al. 2001) is a vision that aims to imbue machine 

understandable meaning into content on the World Wide Web, where software agents can roam web 

content and perform useful tasks for humans. For this to happen, structured collections of information 

and sets of inference rules must be available for computers to use for automated reasoning. One effect 

of the Semantic Web vision is that it has promoted the use of ontologies and new standards to support 

automated reasoning and interoperability between web applications and agents.  

The Semantic Web has implications for the work done in this thesis. Primarily, there are a number of 

standards and languages that have emerged that can support light-weight ontologies. Along with this 

are tools and applications that can potentially be exploited in our exploration of ways to utilise light-

weight ontologies in scrutable user modelling. 

OWL  

The Ontology Web Language, OWL (McGuinness and Harmelen 2003) is a recommendation put 

forward by the W3C as an ontology language for the web. OWL extends, and can be viewed as an 

application of, RDF and RDF Schema by adding a layer of formal semantics. RDF Schema allows us 

to express classes and properties, as well as hierarchical relationships. OWL increases the 

expressiveness by allowing things such as property constraints, equivalence, and quantifiers to be 

defined. 

There are three versions of OWL that are of varying complexities: 
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¶ OWL Lite is designed to support tasks that require a classification hierarchy or taxonomy. It 

only supports a subset of the OWL language constructs, and is designed to allow for simpler 

tool support.  

¶ OWL DL supports all the OWL language constructs but places certain restrictions on how 

they can be used. This is to guarantee computational completeness and decidability, meaning 

that all OWL DL conclusions are not only computable but also will finish in a finite time. 

Every legal OWL Lite ontology is also an OWL DL ontology. 

¶ OWL Full allows for complete expression of the OWL language. There are no constraints on 

constructs (for example, classes can be instances of other classes). Unlike OWL Lite and DL, 

it does not guarantee computational completeness or decidability. Every legal OWL DL 

ontology is also an OWL Full ontology. 

In practice, OWL Lite or OWL DL are usually employed based on the task and purpose, as 

implementations of reasoning support for OWL Full currently do not exist. For the purpose of this 

thesis, we are most interested in OWL Lite as a language to model light-weight ontologies. Although 

the language provides supports for constructs that go beyond that of simpler conceptual and semantic 

networks, the availability of editors such as Protégé (Noy, Sintek et al. 2001) and toolkits such as Jena 

(Carroll, Dickinson et al. 2003) make it appealing. 

Topic Maps 

The XML  Topic Map (XTM)  standard (Pepper and Moore 2001) provides another method for 

knowledge structures to be serialised and exchanged on the web, similar to both OWL and SKOS. It is 

a way of serializing the ISO/IEC Topic Map specification (Biezunski, Bryan et al. 1999) which 

comprises of three main concepts: 

¶ Topics: the concepts or subjects of the domain being modelled. 

¶ Associations: relationships between the topics in the domain. 

¶ Occurrences: individual instances of a topic. 

Topic Maps have been compared to a structure similar to an index in the back of a book: the index 

lists topics, and each topic lists page numbers which are occurrences. This metaphor gives an 

indication of the way Topic Maps can be used to organise and retrieve information, by finding the 

desired topics in the Topic Map and then examining their occurrences. The additional semantic 

information provided through association relationships mean that we can find related topics with ease 

as well. 
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Topic Maps are relevant to this thesis in two ways. First, they provide both a semantic overview of a 

domain, and are, for all intents and purposes, a light-weight domain ontology. Secondly, by being able 

to specify occurrences directly in the Topic Map structure, they provide metadata for the content they 

reference. 

SKOS 

The Simple Knowledge Organisation System (SKOS) is a standard for the specification of knowledge 

organisation systems such as thesauri and taxonomies (Miles and Brickley 2005). SKOS centers on 

the idea of having a collection of defined concepts (called a concept scheme) with relationships 

providing semantics to further define and link them. SKOS has four pairs of directed relationship 

types. These are:  

¶ BroaderGeneric and NarrowerGeneric: subsumption relationships. 

¶ BroaderInstantive and NarrowerInstantive: instance-of relationships. 

¶ BroaderPartitive and NarrowerPartitive: hierarchical part-of relationships. 

¶ RelatedHasPart and RelatedPartOf: associative part-of relationships. 

SKOS has been used in several systems to represent domain ontologies, usually in conjunction with 

heavy-weight ontologies represented in OWL. Two examples of this use of SKOS are the Semantic 

Blogging (Cayzer 2004), and Semantic Web Portal (Reynolds, Shabajee et al. 2004) projects3. 

In the field of e-learning, SKOS has been employed in a student modelling architecture (Winter, 

Brooks et al. 2005) as the representation for course topic ontologies. SKOS is used to model course 

ontologies for different courses, and it was chosen over LOM (Hodgins 2002) which was better suited 

for capturing the relationships between material learning objects rather than pedagogical relationships 

between course units. 

2.1.2 Ontologies to Structure Data 

In this section we describe two different systems that utilise the aforementioned semantic web 

technologies to structure data. Both are directly relevant to the work done in this thesis: GUMO is an 

upper level ontology for user modelling ï it can be used as a starting point for ontology-based user 

models. TM4l utilises topic maps as a way to explore learning content ï here the ontology is used as a 

direct navigation tool to facilitate the discovery of learning resources for students. 

                                                      
3 Both part of the Semantic Web Advanced Development project at http://www.w3.org/2001/sw/Europe/ 
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GUMO 

An example of the application of OWL in user modelling is the General User Model Ontology, 

GUMO (Heckmann, Schwartz et al. 2005). It forms an upper level ontology for user models to 

facilitate exchange of user model data between different adaptive systems. GUMO focuses on typical 

dimensions about users that are modelled in adaptive systems, such as knowledge or beliefs. It leaves 

more general domain models to other ontologies such as SUMO. 

GUMO is defined in OWL, and represents its statements about the user in the form of situational 

statements composed of two parts: main part information consisting of auxiliary, predicate, range and 

object attributes, and metadata information consisting of attributes such as creator, evidence and 

confidence. Each statement is designed to representing some dimension of the user model (Heckmann 

2003). These statements are the foundation of the User Modeling Markup Language, UserML 

(Heckmann and Krueger 2003) for providing a common syntax for the serialisation and exchange of 

user models. 

Recent work utilises GUMO to support ubiquitous user models in the SPECTER system (Kröner, 

Heckmann et al. 2006). SPECTER has relevance to the work done in this thesis not just through the 

use of an ontology-based user model, but also through its focus on scrutability. In addition, users are 

able to not only scrutinise the memories in their user model and fine tune it for a better personalisation 

experience in the future, but to also share them out. This is analogous to people recounting events they 

have experienced to family and friends. 

TM4L  

In the area of e-learning, the TM4L (Dicheva and Dichev 2006) system aims to use Topic Maps to 

provide more targeted access to learning resources for learners. There are two main components of 

TM4L: the editor component and the viewer component: 

¶ The editor component emphasises reuse of learning content by providing facilities for authors 

to build or extend Topic Maps and relate them to the content they create. In addition, the 

TM4L Topic Maps link back to both the Dublin Core (DCMI Metadata Terms 2005) and 

LOM (Hodgins 2002) metadata standards.  

¶ The viewer component is designed to allow users to not only access learning resources 

through the exploration of TM4L Topic Maps, but to also encourage exploration of the 

semantic structure between different topics. It does this by allowing different views of the 

Topic Maps: tree view, graph view and text view.  
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¶ The use of the Topic Map itself as an educational tool makes TM4L novel. It has been 

designed so that the different views show information that tries to capture the userôs intent for 

using that view. For example, the graph view aims to show an ontological overview of the 

topics and associations, and does not show occurrences of topics. 

Recent work on TM4L proposed a notion of context as an extension to the Topic Map standard 

(Dicheva, Dichev et al. 2006). Users are able to specify contextual information or descriptors as part 

of their current task or goal to provide more relevant results to their queries. It also aids in the 

scrutability of the queries themselves. The current research on TM4L continues to investigate the use 

of contextual descriptors and ways to combine querying and browsing when searching digital 

collections. 

2.1.3 Ontological Reasoning 

One of the important issues we identified is the use of ontologies to aid in the reasoning about users, 

in particular, as a way to approach the granularity problem. Granularity of content is a prominent 

aspect of web based systems: the majority of content in such systems usually represents lower level 

concepts in the domain (De Bra and Calvi 1998).  

For example, a website that teaches C programming will not usually have a page with metadata tag C 

Programming; instead there will be pages that describe lower level concepts such as pointer, 

argument, main function, etc. However, an instructor might still wish to infer about a learnerôs overall 

knowledge of C Programming from the web log evidence of their page visits. Therefore the ontology 

must support the user model in being able to reason about higher level concepts where there is little or 

no direct evidence (i.e. the granularity problem). It also must support reasoning about concepts that 

are not explicitly defined in the metadata set. This is especially important in student modelling 

systems where higher level concepts represent core learning goals of the student, such as the C 

Programming course example. 

There are many ways we can reason about the domain we have modelled using the ontology. The 

structure and representation method of the ontology itself plays a large role in the implementation 

performance, accuracy and gestalt acceptance of the reasoning. In research areas such as information 

retrieval, it is sufficient to use lexical ontologies to model users in order to expand on search queries 

(Luca and Nurnberger 2004).  

This thesis is concerned with the reasoning strategies that would be appropriate for ontologies used in 

user modelling. In classic philosophy and artificial intelligence, there are two main methods of 

reasoning that can be employed, being deductive and inductive. We now briefly describe both types of 

inference and their use in user modelling. 
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Deductive Inference 

Deduction or deductive arguments are defined as ones that, given a set of premises that are true, then 

the conclusion must also be true (Copi 1968). Using deductive reasoning in ontologies, new facts 

about the domain can be generated that must be conclusively true because the premises or statements 

that exist in the ontology are true. This relies on a representation of an ontology that has a high degree 

of formality, enabling deductive reasoning. It also requires a relatively complete model of the domain 

that includes higher level, fundamental concepts. Early designs in expert systems used representations 

such as predicate calculus and description logics that have well defined rules for stating propositions 

and making deduction.  

OWL is a good example of a Description Logic ontology language. User modelling systems that make 

use of OWL also aim to make use of the reasoning support it provides. 

Inductive Inference 

In contrast to deduction, inductive logic does not provide an assertion of truth to the conclusion. It 

provides a way to deduce that the conclusion is probably true based on the evidence supporting the 

premises (Copi 1968). The inherently evidence-based reasoning of user modelling makes inductive 

logic a natural approach to make inferences about users. 

Classical examples use Bayesian probabilities to illustrate inductive logic, and there are many existing 

systems that use this method to reason about users, for example, (Zapata-Rivera and Greer 2000; 

Conati, Gertner et al. 2002).  

2.1.4 Ontology Learning 

Ontologies are not simple to construct, this is widely recognised by many approaches and techniques 

that address the ontology construction problem. A common approach is to utilise domain experts or 

existing ontologies as a starting point. These approaches usually ensure that the resulting ontologies 

are well constructed ontologies that conform to formal theory. The IEEE Standard Upper Merged 

Ontology, SUMO, (Niles and Pease 2001) is an example of an ontology that people can use and 

extend as required
4
. On the opposite end of the spectrum are tools and approaches to construct 

ontologies automatically from existing sources. It is these types of ontologies that are of interest to us 

in this thesis.  

The field of ontology learning aims to find techniques and solutions that allow us to construct 

ontologies automatically or semi-automatically from existing content utilizing machine learning and 

                                                      
4 Extensions and implementations of SUMO can be found at http://www.ontologyportal.org/Pubs.html 
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natural language analysis techniques (Perez and Mancho 2003). There are several reasons why this is 

desirable: 

¶ Semantic web based applications require a way to construct domain ontologies  cheaply so 

that the application can be built reasonably quickly (Maedche and Staab 2001).  

 

¶ Existing content describing the domain is often freely or cheaply available. This content is 

usually either text-based, such as domain documents, glossaries or dictionaries, or from 

structured data such as a database or XML schema. 

¶ Having access to an ontologist or domain experts is rare. This poses a serious problem for 

building or extending formal ontologies such as ones based on Cyc, as the domain modelling 

process becomes an expensive endeavour. 

Four evaluation approaches to automatically constructed ontologies are presented in (Sabou 2005). 

These are: extraction performance by comparing the extracted terms to a manually crafted lexicon of 

the terms; evaluation by a domain expert or group; domain coverage by comparison to a manually 

constructed Gold Standard; and a task based evaluation to see how appropriate the ontology is for 

particular tasks. The last three approaches have the goal of evaluating the ontology in a qualitative 

manner. A broader overview of analogous approaches applied to ontologies in general is presented 

and discussed in (Brank, Grobelnik et al. 2005). 

There are many systems that utilise automatically constructed ontologies and ontology learning 

techniques. The majority of these are based on the learning of ontologies from text such as domain 

documentation. A comprehensive survey of ontology learning methods and tools is available (Perez 

and Mancho 2003), though in this section we highlight a number of systems that have approaches 

amenable to this thesis. 

Energy Data Collection System 

The Energy Data Collection (EDC) system (Ambite, Arens et al. 2002; Hovy 2003) is an example of a 

system that utilises not only light-weight ontologies, but also ontology learning techniques. The EDC 

system aims to allow users to search across multiple energy-related data sources. This system accesses 

data from several different databases by utilising different domain ontologies that are mapped to an 

overarching ontology. The system is structured as follows: 

¶ The overarching ontology used is SENSUS (Knight and Luk 1994), consisting of 70,000 

nodes. SENSUS itself is an extension of WordNet (Miller, Beckwith et al. 1993). WordNet is 
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a semantic network that identifies lexicographical relationships between words, and is a 

common reference or starting point among many ontology learning approaches. 

¶ The smaller domain ontologies are automatically generated from specialised glossaries by the 

GlossIt ontology learning system (Klavans, Davis et al. 2002).  

¶ The documents in each domain are identified and extracted. These are mapped to the terms in 

the automatically constructed domain ontologies.  

The system is novel in that it combines an existing upper level ontology with automatically 

constructed domain ontologies using light-weight ontological relationships. They are termed 

ñgenerally associated withò (GAW) links, and are designed to be semantically vague. Although the 

GAW links cannot provide automated inference on the ontology, they do allow users to readily form 

queries to search across several domains using terms that are most familiar to them in their own 

domain of expertise or knowledge. 

ConceptNet 

ConceptNet (Liu and Singh 2004), part of the MIT OpenMinds5 project, is an example of an 

automatically created ontology that has been used in a number of different applications (Lieberman, 

Liu et al. 2005). Rather than concentrating on linguistic relationships such as those found in WordNet, 

ConceptNet provides relationships to represent commonsense knowledge about concepts. 

ConceptNet has been created by parsing a set of common sense phrases (assertions) gathered from 

thousands of contributors via the Web. It consists of a connected graph of over 300,000 nodes, built 

from roughly 1.6 million assertions. There are 20 relationship types grouped into 8 thematic areas 

such as affective relationships (e.g. MotivationOf), functional relationships (e.g. UsedFor) and 

relationships for dealing with things (e.g. PartOf).  

An extension to the OpenMinds project at MIT is StoryNet for capturing case-based common sense 

reasoning by computers. ComicKit (Williams, Barry et al. 2005) is one such tool that allow people to 

interactively build computer understandable stories via a comic book like interface with ConceptNet 

powering the available expressions, objects, and actions on the menus. 

                                                      
5 http://commonsense.media.mit.edu/ 
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2.1.5 Ontologies and Metadata 

There is a need to be able to mark up domain content in adaptive systems. Jeffery points out that 

metadata is of great utility in providing dynamic optimisation, flexibility and integration of distributed 

heterogeneous information, as well as providing benefit to the end-user cognition (Jeffery 1998).  

The metadata vocabulary problem is concerned with the discovery of a suitable set of terms that can 

be used for metadata annotation. Ontologies provide one solution to the metadata vocabulary 

problem. There is a close link between ontologies and metadata. One of the goals of ontologies is to 

promote semantic interoperability between different systems as they form a common understanding of 

a domain or conceptualisation and also provide a controlled metadata vocabulary. That is, the 

available terms for describing content exist in a pre-defined set, or in this case, a pre-defined ontology 

or semantic structure. Metadata can also be part of the semantic structure through explicit 

relationships. For example, instances in OWL or occurrences in Topic Maps are ways to relate 

resources (such as a web page) to concepts in an ontology through an explicit relationship. 

The work in this thesis utilises a vocabulary provided by the concepts in light-weight ontologies. We 

are concerned with ways to easily and quickly annotate content with metadata. This section explores 

how metadata is used and created. 

The Relationship between Metadata and User Modelling 

Metadata provides a mechanism for adaptive systems to relate the domain content to user models in 

an explicit manner. For example, an online bookstore has a page for each book, with metadata 

information such as author, publisher, type of book, subject matter and year of publication. The 

system can infer that a user might like a particular genre based on the subject matter of the books they 

have browsed, which provides evidence stored in their user model. The following are examples of 

user modelling systems that rely on metadata as a link between the content in the domain and the user 

model itself. 

The AHAM reference model for adaptive hypermedia systems (De Bra, Aroyo et al. 2004) has three 

major components: the user model, the domain model, and the adaptation model. Each web page in 

the hypermedia system contains metadata keywords that map to concepts in the domain model and the 

user model. When a user requests a page, the system checks concepts related to the concepts that are 

associated with the page, as well as the value of the concepts in the user model. Adaptation is then 

performed based on rules that utilize this information, and the user model is possibly updated. 

(Kearney, Anand et al. 2005) describe a system that aims to gain deeper insight into usersô behaviour 

and improve recommendations by including a domain ontology in conjunction with the visit history to 
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produce a better interest profile. The system takes advantage of the inherent metadata associated with 

content on an online movie retailer website to form mappings between content on unique URLs to the 

domain ontology, such as movie title, director and actor. 

Recent work in museum tour guides have also utilized domain models as a basis for recommending 

exhibits, paths and tailored information to visitors. The system, Ec(h)o (Hatala and Wakkary 2005), 

utilises a domain ontology to form a mapping between the physical exhibits, the themes of an 

exhibition, delivered audio content and a user model featuring a set of interests based on the concepts 

in the ontology. 

2.1.6 Metadata Annotation 

The task of annotating existing documents and creating metadata is challenging and non-trivial - it is 

hard to be thorough and consistent. In addition, the task is both demanding and boring, especially in 

systems with many existing documents and a large metadata term vocabulary (Thornely 1999). 

The task of classifying information on the web is unlike traditional information classification 

problems (Shirky 2005). This is primarily due to the large number of documents, the lack of 

centralized coordination, and a population of users that are mainly novice or casual.  

In (Mathes 2004), three sources of metadata creation are described: 

¶ Professionally created: where classification schemes are designed by dedicated cataloguers or 

domain experts. This is often expensive and timely to produce, and unwieldy for a fast 

changing environment such as the web where new content is created at a rapid pace. At the 

same time, the eventual users of the system are not involved in the metadata creation process. 

¶ Author created: where the author of content is the one who defines the metadata for it. 

Although cheaper and more scalable to produce than professionally created metadata, it 

suffers from the same problem that the eventual users are not directly involved in the creation 

of the metadata. 

¶ User created: the users of the system are the ones involved in defining the metadata for the 

content. This may be implicit (where the metadata is created in the background as users use 

the system, such as through stereotype user modeling approaches) or explicit (users actively 

take part to define the metadata terms through manual interaction). 

An additional source of metadata creation is machine created metadata. Utilising techniques for 

document classification, it is feasible to automatically generate metadata annotations for documents. 

One problem with an automated method is the quality of the metadata. Human intervention or a semi-
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automated process may be required to ensure the quality of annotations. This is similar to the 

drawbacks of ontology learning techniques for creating ontologies. At the same time, with the use of 

multimedia learning objects, automated approaches which are usually more suited to text become 

more difficult to employ with the existence of sound and visual content. 

The most feasible approach for creating metadata, in the context of e-learning, is author created 

metadata coming from a controlled vocabulary. In a learning domain where users do not have 

sufficient mastery of the material, it is not appropriate to utilise user-created metadata.  

Although our own approach utilises author created metadata, the remainder of this section provides a 

discussion of different metadata authoring systems that use various techniques as we can apply the 

research in this thesis to domains outside of e-learning. 

del.icio.us 

A recent trend, in many websites designed for users to organize or share information, has been the 

ability for users to add their own metadata tags to resources. Allowing users to categorise the content 

they access through tagging, and the ability to aggregate tags provides a pragmatic solution to the 

classification of web content. This metadata is not only designed to categorise their own resources, 

but also shared for others to see. 

The social bookmarking site, del.icio.us6 is an example of an online service employing user created 

metadata utilising the tagging and sharing paradigm. We focus our discussion on del.icio.us in this 

section as it is typical of these sorts of online services. Other prominent sites that feature this 

paradigm are Flickr7 and You Tube8, for the sharing of photos and videos respectively. 

In del.icio.us, each user has their own account to keep track of their bookmarks. Users can input their 

bookmarks directly on the website and provide corresponding tags and descriptions, or via browser 

extensions that allow them to bookmark and tag web pages as they are accessing them.  

Bookmarks are shared; so for a particular bookmark, users can easily see how many other people have 

the same bookmark and what tags or descriptions they added. Users can also see the full bookmark 

list for other users, and the system also presents aggregated information such as the most popular or 

most recent tags. 

The benefits of user-created metadata, in the form of tagging, are the immediate savings in time and 

cost, as the task is distributed. When a new piece of content (in the case of del.icio.us, a bookmark) is 

                                                      
6 http://del.icio.us/ 
7 http://www.flickr.com/ 
8 http://www.youtube.com/ 
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added, the effort to add tags is minimised by the fact that the user can add free text. Other users can 

also tag the same object with their own tags, which may be different from the set of tags used by the 

original user who added the content. This leads to evolving metadata, which can adapt to changing 

user vocabularies, directly minimizing the cost of maintaining metadata in such systems. 

The use of free text does lead to some drawbacks of the system that would not occur in a controlled 

metadata vocabulary. Firstly, there is a lack of acronym and abbreviation control. For example, 

someone who uses the acronym sums to mean scrutable user models to describe a document is very 

different to someone who tags a mathematical document about sums for summation.  

Another problem is that without conventions for synonym or multi-word terms, we end up with a lot 

of redundancy in the vocabulary. For example, a page about user modelling could be tagged 

usermodelling or user_modelling by two different users. Similarly, the tags modelling and modeling 

could both be used depending on the spelling conventions used. 

However, even considering these drawbacks, the ease of use and implications from social networking 

indicate that these systems have made significant inroads into solving the metadata vocabulary and 

metadata annotation problems in contexts where there is a large user base. 

Annotea 

The Annotea system (Kahan, Koivunen et al. 2001) is built upon semantic web standards and 

technologies to allows users to collaboratively add metadata to web content. Similar to de.licio.us, 

metadata is stored on a server, and can be easily shared between users. Users can add descriptions, 

and also reply to descriptions left by other users.  

Annotea is novel in that users can control what metadata they want to see. This is because different 

communities of interest may have different metadata for the same content; the system allows users to 

choose the metadata most appropriate for their own interests or knowledge. 

SemTag 

The SemTag (Dill, Eiron et al. 2003) application does semantic annotation of documents, designed for 

large corpora (for example, existing documents on the Web). SemTag stores the semantic annotations 

on a server separate from the original document as it does not have permission to add annotations to 

those files. They have asked arbitrary users to check and approve large numbers of semantic links 

constructed as a means of evaluation. 
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AeroDAML  

AeroDAML (Kogut and Holms 2001) is a tool that automatically marks up documents in the 

DAML+OIL ontology language. The amount of automation can be varied to suit the level of user 

interaction. Technical users are more likely to use a semi-automated approach to annotating the 

metadata, where non-technical users might prefer an automatic approach. AeroDAML uses the 

WordNet upper level noun hierarchy as the ontology. 

LOMGen 

LOMGen (Boley, Bhavsar et al. 2005) is designed for the semi-automatic generation of metadata for 

learning objects. It combines word frequency counts over the learning object with a lookup to an 

existing dictionary to suggest keyphrases to describe the learning object. The dictionary used is 

FOLDOC, the Free Online Dictionary of Computing (Howe 1998). A graphical interface allows users 

to interact with the metadata to select the most appropriate terms for the learning object after the 

automatic keyphrase generation step. 

Figure 2.1 shows a screenshot of the LOMGen interface. Suggested keyphrases are shown on the left-

Figure 2.1: Screenshot of the LOMGen user interface for adding metadata to learning objects. 
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hand side. The user selects suitable keyphrases to describe the learning object by clicking the 

checkboxes. We can see the selected keyphrases OWL, semantic web, RDF, Internet, World-Wide 

Web, and resource description framework. Synonyms of the keyphrase can be entered on the right-

hand side text input boxes. In this case, the user has entered Web Ontology Language as a synonym of 

the selected keyphrase OWL. Users can also optionally add terms manually via the text input on the 

bottom left. The bottom right drop down box enables users to select a top level category for the 

learning object. 

LOMGen is similar to the approach we take in this thesis of using an existing dictionary or glossary to 

provide an initial metadata vocabulary for the learning objects. However, our approach involves the 

creation and use of a light-weight ontology first, with additional user defined metadata terms 

incorporated back into the source glossary and subsequently the ontology to enhance scrutability.9 

2.2 Scrutable User Modelling 

A scrutable user modeling system is one where users can not only examine the data in their user 

models, but also the processes that use that data for personalization. As argued by Kay (1999), there 

are a number of reasons why scrutability is desirable for user modelling systems: 

¶ In the spirit of supporting privacy legislation for electronic mediums (Kobsa 2002), it is 

important that systems allow users to have an active role in the way their personal data is 

used. One way to achieve this is to let users directly interact with and inspect their user 

model, possibly correcting or removing data they feel is incorrect or inappropriate. 

¶ A scrutable user model enforces programmer accountability in the assumptions that can be 

made about the user. It encourages more careful considerations in personalization choices 

made by the system, as well as the information collected about the user. 

¶ It allows users to check the correctness and validation of their model. Because individual 

users change over time (for example, changing tastes in movie preferences), it is important to 

allow users the ability to correct any inconsistencies they see in their model. For example, in 

(Self 1991), a method is described for the system to diagnose student models, and allow for 

correction of the model. Modal logics are introduced as an approach to achieve this. 

¶ Users can gain a better understanding of how the system behaves, thus enhancing the synergy 

between them. This is also related to the last point, where users who can directly see their user 

models have less reason to experiment with the system to determine what happens. Doing so 

could lead to incorrect data in their user model. 

                                                      
9 All images in this chapter are available in high resolution at http://www.cs.usyd.edu.au/~alum/thesis/02/ 
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¶ The idea of having open, scrutable user models of the learners in intelligent tutoring systems 

aid in reflection and provide additional educational benefits to both the instructor and the 

student (Bull and Pain 1995; Kay 2001). Because the ontology provides a foundational link 

between the user model and the domain content, it aids the userôs comprehension of their user 

model and the domain itself. 

2.2.1 Learner Modelling Systems 

Our review of user modelling systems is focused in the area of learner modelling, as this is the domain 

in which we conduct our evaluations. The systems described in this section are all examples of 

learning systems that feature an open learner model10. That is, learners can examine and explore their 

learner models in a direct manner, providing the aforementioned benefits of scrutability.  

Mr. Collins  

Mr. Collins, for COLLaboratively maintained, INSpectable learner model (Bull, Brna et al. 1995), is a 

system designed for teaching languages and features an open learner model. In Mr. Collins, the 

learner model is presented through structured text.  

Mr. Collins is designed to encourage learners to challenge their model, the aim being to be able to 

collaboratively construct and also correct the model and result in greater modelling accuracy. 

A negotiation process between the system and the learner occur when there are discrepancies between 

their beliefs about the learner model. Learners communicate with the system through menu choices. 

Through this back and forth dialogue, the learner model is collaboratively constructed and changed. 

                                                      
10 Many more open learner modelling systems are featured at http://www.eee.bham.ac.uk/bull/lemore/examples.html 

Figure 2.2: Screenshot of Mr. Collins, showing a text-based negotiation system between the learner and the 

system. 



39 

We can see an example of this in Figure 2.2, where the student is challenging the systemôs belief 

about the learnerôs knowledge of the rule positive main clauses. The student has asked the system to 

justify its belief that the studentôs knowledge of positive main clause is óunsureô, and the system has 

responded with evidence from the studentôs previous responses when answering questions related to 

this rule. 

An evaluation of Mr. Collins was conducted with nine adult students learning Portuguese, all with no 

previous knowledge of the language. The study showed that students not only inspected and suggested 

changes, but also appreciated the fact that the system would challenge them when they disagreed with 

the beliefs in the learner model. 

STyLE-OLM  

STyLE-OLM (Dimitrova 2003) is an interactive open learner system that emphasizes diagnostic 

dialogue between itself and the learner. STyLE-OLM uses conceptual graphs to structure the learner 

model. One reason for this is the advantage of having an inherent and comprehensible visual 

representation of the learner model. This can be contrast with a system such as Mr. Collins (Bull, 

Brna et al. 1995) which features a purely text-based interaction method. 

In a diagnostic process, the system and learner collaboratively construct conceptual graphs, with a 

structured text dialogue to enable the system to encourage learner involvement in the process. We can 

see a screenshot of this in Figure 2.3. As the conceptual graph is constructed, the learner is challenged 

with questions about the domain. In this case, the system is asking the user about the operation of 

capital_market.  

Figure 2.3: Screenshot of STyLE-OLM, showing the collaboratively constructed graph and dialogue. 


