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Preface 

Ubiquitous user modeling describes ongoing modeling and exploitation of user behaviour 
with a variety of systems that share their user models. These shared user models can either be 
used for mutual or for individual adaptation goals. Ubiquitous user modeling differs from 
generic user modeling by the three additional concepts: ongoing modeling, ongoing sharing 
and ongoing exploitation. Systems that share their user models will improve the coverage, the 
level of detail, and the reliability of the integrated user models and thus allow better functions 
of adaptation. Ubiquitous user modeling implies new challenges of scalability, scrutability 
and privacy.  

 
A key challenge for ubiquitous user modelling is user models integration. Different systems 
may represent the same information in different ways, using different syntactic and 
conceptual structures. Therefore means for negotiation and clarification of data among 
systems are required. This is fundamental not only to access information, but also to reuse 
information. 
 
Recently, suppliers of user profiles have shown an increased awareness of the need for 
standards for representing and exchanging user model data. At the same time we observe that 
dealing with syntactic and semantic heterogeneity of user models is pretty complicated, 
especially in an open environment like adaptive hypermedia and adaptive web-based systems. 
The issue is: how can semantic heterogeneity be handled for ubiquitous user modeling? How 
can the Semantic Web technologies be employed to cope with such heterogeneity? 
 
These issues are the focus of the workshop. We deal with both theoretical and practical 
aspects of integrating user models from various sources, across different domains and 
different representations. The goal of this workshop is to bring together academic and 
industrial researchers from these communities to discuss the most innovative approaches to 
ubiquitous user modeling, to enhance the exchange of ideas and concepts, to determine the 
veins the research should proceed, and to go one step further towards personalization in 
ubiquitous computing. We expect that as a result of the workshop, new research directions 
will be defined and new collaborations among the workshop participants will be formed. 
 
 
 
The papers accepted for presentation at the workshop represents the above diversity of topics 
in that area, they vary from abstract, theoretical frameworks to systems architectures, in 
various specific application areas. 

 

The organizers: Shlomo Berkovsky, Francesca Carmagnola. Dominikus Heckmann, Tsvi 
Kuflik and Antonio Krüger 
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Abstract. The integration of adaptive educational systems is changing from an 
interesting research problem into an important practical task. One of the major 
challenges that need to be accepted on the way is the development of 
mechanisms for student model integration. In this paper we propose an 
approach for aligning overlay models of students’ knowledge collected by 
different educational tools relying on different domain representations. The 
approach is based on common protocols for evidence communication and 
manual mapping of underlying domain models. This approach has been applied 
for integration of two existing educational systems in the framework of 
undergraduate Java course. 

1   Introduction 

Over the last 10 years, a range of adaptive systems migrated from research labs to real 
life. Web recommender systems [1], mobile tourist guides [2], and adaptive e-learning 
systems [3] are now used by hundreds of real users. In some application areas the 
“density” of practical adaptive systems is reaching the point where several adaptive 
systems are available. Yet, in most of the cases, these systems do not compete, but 
rather complement each other offering unique functionality or content. This puts the 
problem of using several adaptive systems in parallel on the agenda of user modeling 
community. This problem has been explored over the last few years by several 
research teams, which considered it from several prospects: cross-system 
personalization [4], user model ontologies [5], and user modeling servers [6]. 

The main challenge of using several adaptive systems in parallel (or, as we may 
also say, a distributed adaptive system) is making the whole more then the sum of its 
parts. In this context, it means that each of the system should have a chance to 
increase the quality of user modeling and adaptation using integrated evidence about 
user, which was collected by all participating system. So far, it looks like the most 
popular approach to solving this user model integration problem is translation [7] or 
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mediation [8] from one user model to another. However, in a number of cases 
translation of the whole user model from one representation to another can be a 
relatively costly approach. For example, if two adaptive systems are used not in a 
sequence, but in parallel, the user models on both sides are being constantly updated. 
Thus, to take the joint information about the user into account, each of the system will 
need to translate the user model from another system before every adaptive decision is 
made. 

A very good example of this situation is a distributed adaptive E-Learning system. 
In such a system, a student can work with educational activities provided by several 
systems. Each of the involved systems receives evidences about user knowledge and 
attempts to build the student knowledge model. To make this model reliable, each of 
the involved systems should take into account evidences about the student produced 
during her work with all systems. However, as our experience of work with 
distributed system shows, a student can switch from one system to another many 
times even within a single session [9]. To avoid multiple translation from one user 
model to another within the same session, we explored an alternative approach to user 
modeling in distributed adaptive systems, which we call evidence integration. With 
this approach, adaptive systems do not exchange user models, but instead exchange 
evidences received while working with the same student. In this case, the problem of 
user model integration becomes the problem of evidence integration. While evidence 
integration is a relatively simple task in some domains (i.e., user’s ratings for a 
specific movie can be easily taken into account by multiple recommender system), it 
is not the case in E-Learning. In E-Learning, each educational activity (i.e., problem, 
quiz, or example) is typically described in the terms of a system’s internal domain 
model. Using this knowledge and information of student success or failure while 
working with the activity, the user modeling component updates student knowledge 
model. In a rare case where the component systems share the same domain model 
[10] integrating evidences from two or more adaptive systems is a relatively simple 
problem. However, in reality two adaptive systems developed for the same domain 
(such as Java programming of SQL) have very different domain model. In this case 
evidence integration become a real problem, which requires some kind of translation 
from one domain model to another. 

This paper presents a practical example of distributed user modeling, which 
involves two e-learning systems with considerably different domain models for Java 
programming language. The goal of our work is to stress the problems of distributed 
user modeling in the field of E-Learning and provide an example of conceptual and 
architectural integration, which was used in a real college-level course. 

The rest of this paper is structured as follows. Section 2 describes the details of two 
educational systems for Java programming domain developed by different research 
teams and relying on different domain models: Java-Problets and QuizJET. Section 3 
discusses the problems we had to overcome while integrating these two systems on 
the level of their domain and user models. Section 4 presents the implementation 
details of the integration mechanism. Section 5 finishes the paper with discussion and 
plans of future work. 
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2  QuizJet vs Problets: Two Systems and Two Domain Models 

2.1  Ramapo College’s Problets 

Problets (www.problets.org) are problem-solving tutors on introductory programming 
concepts in C/C++/Java/C#. They present programming problems, grade the student’s 
answer, and provide corrective feedback. Problets sequence problems adaptively [11], 
and generate feedback messages that include the step-by-step explanation of the 
correct solution [12]. Students can use Problets for knowledge assessment and self-
assessment, as well as for training problem-solving skills. The reified user interface of 
Problets emphasizes the use of mental models students need to maintain, when 
solving the problems [13]. Fig. 1 presents the student interface of a Problet on if/if-
else Statements in Java. The bottom-left panel contains the simple Java program. The 
students need to evaluate the program and answer a question specified in the top-left 
panel. The system presents student’s answers in the right-bottom panel, and indicates 
the correct and incorrect answers by marking them in green, and red correspondingly. 
The detailed help on how to use the system, submit the answers and read system’s 
feedback messages can be always opened in the right-top panel of the Problet 
interface. 

 

Fig. 1. A Problet on if/if-else Statements in Java. 

Problets rely on the concept map of the domain, enhanced with pedagogical 
concepts called learning objectives, as the overlay student model [14]. Each learning 
objective is associated with the proficiency level calculated based on the student’s 
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answers. The student model provides the basis for adaptive decisions made by the 
tutor, by associating a proficiency model with each learning objective. The system 
propagates the proficiency values to the top levels of the concept hierarchy. At any 
moment of the tutoring session, a student can observe the current state of her/his user 
model. Fig. 2 demonstrates an example of the user model snapshot for the if/if-else 
Statements in Java. 

 

Fig. 2: A part of domain hierarchy on if/if-else Statements in Java. Learning objectives are 
associated with each concept in the hierarchy. 

2.2  University of Pittsburgh’s QuizJet 

QuizJET (Java Evaluation Toolkit) is an online quiz system for Java programming 
language. It provides authoring and delivery of quiz questions and automatic 
evaluation of students’ answers. A typical question in QuizJET is a simple Java 
program. The students need to evaluate the program code and answer a follow-up 
question, which can take one of two forms: “What will be final value of the marked 
variable?” or “What will be printed by the program to the console window?”. Upon 
evaluation of the student’s answer QuizJET provides short feedback specifying the 
correctness of the answer and the right answer in the case a student has make a 
mistake. 

Fig. 3 demonstrates the student interface of QuizJET. The Java programs 
constituting QuizJET questions can contain one or several classes. For switching 
between classes QuizJet implements tab-based navigation. The driver class containing 
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the main function (the entry point to the program) is always placed in the first tab, 
which also presents the question itself, processes the student’s input and presents the 
system’s feedback. 

The important feature of QuizJet is parameterized questions. One or more numbers 
in the code of a driver class are dynamically replaced with a random value every time 
the question is delivered to a student. As a result, the students can practice QuizJET 
questions multiple times, and every time the question will be different and have a 
different correct answer. 

 

Fig. 3: An example of QuizJet question on Decisions in Java accessed through the Knowledge 
Tree Learning Portal. 

Every QuizJET question is indexed by a number of concepts from the Java 
ontology. A concept in a question can play one of two roles: it acts either as a 
prerequisite for a question (if it is introduced earlier in the course), or as a question 
outcome (if the concept is first introduced by this question). Fig. 4 presents an extract 
from the Java ontology. 

3   Integration: The Conceptual Side 

Both Problets and QuizJet questions rely on conceptual content models that 
provide detailed representation of underlying domain knowledge. In order to provide 
consistent interpretation of the evidence reported by these two types of learning 
content, perform unifying user modeling and implement adaptive mechanisms taking 
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into account student’s work with both systems we need to integrate the underlying 
domain models on the level of concepts constituting them. 

 

Fig. 4: An extract from the Java ontology. 

The general task of domain model alignment potentially involves resolution of 
multiple model discrepancies on the two principle levels. The language–level 
mismatches, such as different syntax, expressiveness, or varying semantics of used 
primitives, need to be resolved in the first place. However, the more important are the 
model-level mismatches that occur due to the difference in structure and/or semantics 
of the domain models. Resolution of this kind of discrepancies involves dealing with 
such problems as: 
� Naming conflicts (the same concept is defined in two models by different terms or 

the same term defines different concepts); 
� Different graph structure (the models choose to connect relevant sets of concepts in 

different ways) 
� Different scope (two models cover parts of the domain that only partially intersect 

or the scope of one model includes that of another model); 
� Different granularity (the size of concepts differ across the models; a single con-

cept of one model represents a piece of domain knowledge covered by several con-
cepts of another model); 

� Different focus (the models examine different modeling paradigms or adhere to 
different modeling conventions). 
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This list does not include the mismatches specific for the formal models employing 
advanced modeling primitives, such as typed relations and axioms (e.g. same entity 
can be modeled as a concept and as an attribute). In our study, we did not have to deal 
with this kind of discrepancies, neither we were resolving the language-level 
mismatches. Each of the problems listed above, however, occurred multiple times, 
while we were integrating the Java ontology and the learning objective models used in 
Problets. 

Unlike QuizJet questions that are indexed with the concepts from the same 
ontology, each Problet relies on separate model of learning objectives. These models 
cover 6 large topics of Java programming language: (1)Arithmetic Expressions, (2) 
Relational Expressions, (3) Logical Expressions, (4) if/if-else Statements, (5) while 
Loops, (6) for Loops. 

The combined scope of these topic models is several times narrower than the one 
of the Java ontology. At the same time the granularity of Problets’ models is much 
higher. The total number of concepts in the Java ontology is about 500; the 
cumulative number of nodes in the Problets’ models is more than 250. The most 
important problem we had to deal with is the difference on the modeling approaches 
(or different focus of modeling) used in Java ontology and Problets’ domain models. 
Every learning objective models application of a concept in a particular learning 
situation (e.g. different objectives model the simple if clause in the if-else-statement 
and the simple if clause in the if-statement). In other words, a learning objective can 
be described as a concept put in a context. To properly map the context of a learning 
objective most of the time we had to connect one learning objective to several 
concepts from the Java ontology. To prevent too aggressive evidence propagation to 
the concepts modeling context of learning objectives, while mapping we also 
provided weights (from 0 to 1) that define how much knowledge of a particular 
concept define the proficiency of the learning objective. An example of mapping a 
learning objective into concepts is given by the Fig. 5. This terminal learning 
objective from the Selection topic defines the application of if-else statement, when 
the condition part of the statement evaluates to true value. To properly match this 
particular situation, we need to use three concepts from the Java Ontology. The 
assigned weights indicate that the main concept is still IfElseStatement, although the 
evidence of mastering this learning objective will slightly contribute to the knowledge 
of concepts RelationalOperator and True. 

 
Fig. 5: An example of learning objective to concept mapping 
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4   Integration: The Implementation 

To verify the practicality of the described approach we have administered a pilot 
study in the framework of an undergraduate Java course in the School of Information 
Sciences at the University of Pittsburgh. Both QuizJet quizzes and Ramapo College 
Problets are available to students via Knowledge Tree portal (Fig. 3). Knowledge 
Tree provides user authentication and authorization. It uses folder-document 
hierarchy to organize educational content. There are 6 Problets and 44 QuizJet 
questions are available to students of the introductory Java course taught at the School 
of Information Sciences, University of Pittsburgh. 

 

Fig. 6: Evidence propagation in CUMULATE [15]. 

Every time user submits an answer to the QuizJet question or Problet they notify 
user modeling server CUMULATE [15]. The notification is done via an HTTP 
request. Parameters of the request adhere to a simple protocol. Each report to user 
modeling sever should carry timestamp, group and user IDs, application and learning 
object the user worked with, and the result of the interaction (i.e., success, failure). 
Once evidence of new user action arrives, CUMLATE “propagates” it and updates 
overlay domain model of user knowledge. Special inference agents perform such 
propagation. Each agent is configured to deal with evidence from one or more 
external applications. Once new evidence arrives an agent is activated. For each 
learning object the agent retrieves corresponding metadata – concepts of the domain 
model (aka knowledge components). Based on the weights of the concepts for a 
particular learning object result of the interaction the agent updates assertions 
regarding user mastery of the concepts (Fig. 5). Note that the evidence propagation 
approach to user modeling applied by CUMULATE allows to take into account user 
work with both adaptive and non-adaptive learning objects – as long as concept-level 
metadata for these objects is provided by the content developer or any other 
stakeholder. 

In the case of QuizJet and Ramapo Problets, the learning activities served by the 
systems are indexed with concepts of Java domain ontology described in section 3. 
This index along with weights (significance of each concept for the learning object) is 
cached by CUMULATE. The same inference agent handles evidence coming from 
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both QuizJet and Ramapo Problets. This agent increases the mastery level of the 
corresponding concepts in the case of successful interaction (correct answer) and does 
nothing otherwise. Since ontology mapping ensures that QuizJet and Problets use the 
same pool of domain concepts, successful interaction with quizzes and Problets have 
an identical effect on the level of student knowledge of domain concepts. Users work 
with either QuizJet quizzes, Ramapo Problets, or a combination of the two is reflected 
in the user model. The current “integrated” state of the user model is available for all 
approved components (including QuizGuide and Problets) and can be used to provide 
a more precise adaptation. 

5   Discussion 

In this paper we have proposed a lightweight solution for integration of user 
modeling information collected by different educational systems. The resulting 
infrastructure allows two applications developed by different research teams and 
relying on considerably different domain models to be used by the students of the 
same course. The applications separately collect the evidence about student 
knowledge and communicate it to the user modeling server, which allows us to 
support more holistic user models. 

As the first step of the further investigation of this approach, we plan to evaluate 
the results of the pilot study conducted in the undergraduate Java course. The focus 
will be made on the assessment of the predictive validity of the obtained user models. 

Although, the reported evidence is not currently used for adaptation, the necessary 
protocols have been implemented on the user modeling side. The Ramapo team is 
modifying the Problets in order to retrieve the aggregate user models from the 
CUMULATE server. On the University of Pittsburgh side a similar role will be 
played by the QuizGuide adaptive service [16].  

We are also going to apply this solution in other learning domains (C, C++, SQL) 
and integrate with other adaptive systems, e.g. Canterbury University’s constrained-
based tutors [17] and University of Malaga’s SIETTE [18]. 

References 

1. Schafer, J.B., Frankowski, D., Herlocker, J., Sen, S.: Collaborative filtering recommender 
systems. In: Brusilovsky, P., Kobsa, A., Neidl, W. (eds.): The Adaptive Web: Methods 
and Strategies of Web Personalization. Lecture Notes in Computer Science, Vol. 4321. 
Springer-Verlag, Berlin Heidelberg New York (2007) 291-324 

2. Krüger, A., Baus, J., Heckmann, D., Kruppa, M., Wasinger, R.: Adaptive mobile guides. 
In: Brusilovsky, P., Kobsa, A., Neidl, W. (eds.): The Adaptive Web: Methods and 
Strategies of Web Personalization. Lecture Notes in Computer Science, Vol. 4321. 
Springer-Verlag, Berlin Heidelberg New York (2007) 521-549. 

3. Brusilovsky, P., Peylo, C.: Adaptive and intelligent Web-based educational systems. 
International Journal of Artificial Intelligence in Education 13, 2-4 (2003) 159-172 

4. Denaux, R., Dimitrova, V., & Aroyo, L. Integrating Open User Modeling and Learning 
Content Management for the Semantic Web. In: L. Ardissono, P. Brna & A. Mitrovic 

9



(eds.), Proceedings of the 10th International Conference on User Modeling (UM'2005) 
(pp. 9-18), Edinburgh, Scotland, UK: Springer. 

5. Dolog, P., & Nejdl, W. (2003). Challenges and Benefits of the Semantic Web for User 
Modelling. In: P. De Bra (ed.), Proceedings of the AH2003 workshop, Budapest , 
Hungary. 

6. Niederée, C., Stewart, A., Mehta, B., & Hemmje, M. (2004). A Multi-Dimensional, 
Unified User Model for Cross-System Personalization. In: Proceedings of the Workshop 
on Environments for Personalized Information Access at AVI'2004 (pp. 34-54), Gallipoli, 
Italy, from http://www.di.uniba.it/avi2004/e4pia/EPIA2004_proceedings.pdf 

7. Sosnovsky, S., Dolog, P., Henze, N., Brusilovsky, P., Nejdl, W.: Translation of overlay 
models of student knowledge for relative domains based on domain ontology mapping. In: 
Luckin, R., Koedinger, K.R., Greer, J. (eds.) Proc. of 13th International Conference on 
Artificial Intelligent in Education, AI-ED 2007. IOS (2007) 289-296 

8. Berkovsky, S., Kuflik, T., Ricci, F.: Cross-technique mediation of user models. In: Wade, 
V., Ashman, H., Smyth, B. (eds.) Proc. of 4th International Conference on Adaptive 
Hypermedia and Adaptive Web-Based Systems (AH'2006). Lecture Notes in Computer 
Science, Vol. 4018. Springer Verlag (2006) 21-30. 

9. Brusilovsky, P., Sosnovsky S., Lee, D.H., Yudelson, M., Zadorozhny V., & Zhou X. 
(2008). An open integrated exploratorium for database courses. In: E. Menasalvas & A. 
Young (eds.) Proceedings of 13th Annual Conference on Innovation and Technology in 
Computer Science Education (ITiCSE’2008), Madrid, Spain, June 30 – July 2, 2008 
(accepted). 

10. Trella, M., Carmona, C., Conejo, R.: MEDEA: an Open Service-Based Learning Platform 
for Developing Intelligent Educational Systems for the Web. In: Proc. of Workshop on 
Adaptive Systems for Web-based Education at 12th International Conference on Artificial 
Intelligence in Education, AIED'2005. IOS Press (2005) 27-34. 

11. Kumar, A.N. A Scalable Solution for Adaptive Problem Sequencing and its Evaluation. In 
Proceedings of The 2006 International Conference on Adaptive Hypermedia and Adaptive 
Web-Based Systems (AH 2006), Dublin, Ireland, June 21-23, 2006. 

12. Kumar, A.N., Explanation of step-by-step execution as feedback for problems on program 
analysis, and its generation in model-based problem-solving tutors, Technology, 
Instruction, Cognition and Learning (TICL) Journal, Vol 4(1). 

13. Kumar, A.N., A Reified Interface for a Tutor on Program Debugging, Proceedings of 
Third IEEE International Conference on Advanced Learning Technologies (ICALT 2003), 
Athens, Greece, 7/9-11/2003, 190-194. 

14. Kumar, A.N. Using Enhanced Concept Map for Student Modeling in a Model-Based 
Programming Tutor. International FLAIRS conference on Artificial Intelligence, 
Melbourne Beach, FL, May 11-13, 2006, 527-532. 

15. Brusilovsky, P., Sosnovsky, S. A., & Shcherbinina, O. (2005). User Modeling in a 
Distributed E-Learning Architecture. Paper presented at the 10th International Conference 
on User Modeling (UM 2005), Edinburgh, Scotland, UK, July 24-29, 2005 

16. Brusilovsky, P., Sosnovsky, S., & Shcherbinina, O. (2004). QuizGuide: increasing the 
educational value of individualized self-assessment quizzes with adaptive navigation 
support. In J. Nall, & R. Robson (eds.) Proceedings of World Conference on E-Learning 
(E-Learn 2004), Washington, DC, USA, November 1-5, 2004, 1806-1813 

17. Mitrovic, A., Martin, B., Suraweera, P. Constraint-based tutors: past, present and future. 
IEEE Intelligent Systems, special issue on Intelligent Educational Systems, vol. 22, no. 4, 
pp. 38-45, July/August 2007. 

18. Conejo, R., Guzman, E., and Millán, E. (2004) SIETTE: A Web-based tool for adaptive 
teaching. International Journal of Artificial Intelligence in Education 14 (1), 29-61. 

10



User Model Interoperability in a SOA Environment

Federica Cena and Furnari Roberto

Dipartimento di Informatica, Università di Torino
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Abstract. The paper presents an approach to achieve User Model (UM) inter-
operability among UM-based applications on the Web. In order to enhancethe
interaction capabilities of such systems, we use Web Service technologies for
syntactic interoperability and Semantic Web languages for semantic interoper-
ability, together with negotiation techniques based on dialogue. The paper de-
scribes a Service Oriented Architecture(SOA)-based framework where a central
UDDI registry, enhanced with UM specific capabilities, is used to support and
promote the cooperation between UM-based applications.

1 Introduction

Interoperability of User Model (UM) knowledge plays a crucial role when services ac-
cess take places in an open and dynamic environment like the Web. The opportunities
both for the final users and for the applications for sharing user knowledge are well
known: on the one hand, users do not need to waste time training each new system they
deal with, on the other hand, the adaptive systems are able toreach a deeper understand-
ing of users. In fact, sharing User Models enables applications to cover more aspects
of the user profile, increasing, at the same time, the level ofdetail and the reliability
of user data. All this additional information about the userleads to adaptation results
which are more appropriate for her [14].
In realizing interoperability, a primary problem is how a system can find other systems
available to cooperate (discoveryissue). Once a partner has been found, interoperability
implies the ability to i) exchange information, which requires to agree on the format of
the exchanged data (syntactic interoperability) and ii) to use such knowledge, which
requires to correctly interpret the data (semantic interoperability). The UM exchange,
in particular, could require non trivial pattern of communication between the requestor
and the provider. For instance, if the systems do not share the same knowledge mod-
els, they may need to clarify the requested user feature (e.g. the provider is not able to
correctly understand the requested information), or they may need to negotiate about
the response when the exact one is not available or is not considered satisfying by the
requestor. In these situations, the interacting systems could use some form ofconver-
sation, a complex interactions among two parties, which may evolvein different ways,
depending on the state and the needs of the two participants.
The paper proposes a solution to support the UM interoperability process on the Web,
exploiting Web standards for interoperability, i.e. Web Service technologies for syn-
tactic interoperability, and Semantic Web paradigm for semantic interoperability. On
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the one hand, the loosely coupled structure and the well accepted standards underlying
Web services represent a solution to the integration of UM knowledge and personaliza-
tion services from various systems, for the sake of cross-system personalization. On the
other hand, resources from the Semantics Web, such as ontologies, metadata and spec-
ification languages, can provide semantic interoperability, since they are based on open
standards and have been developed to allow common understanding among distributed
systems in open environments.
In our work we propose a framework, based on the main principles of Service Oriented
Architecture (SOA), which can be exploited by applicationsthat want to share UM
knowledge. We enhanced the SOA paradigm to handle the peculiar needs of the UM
interoperability context, giving a sound environment where it is possible to implement
existing approaches for interoperability (such as the dialogue approach of [5]) and new
solutions.

The paper is structured as follow. We first present in Section2 a scenario motivating
the relevance of the discussed problem. Then, in Section 3, we present our approach,
describing in details the proposed framework. Section 4 presents the framework in ac-
tion dealing with the scenario. Section 5 concludes the paper discussing the benefits of
our solution in comparison to existing solutions.

2 Motivating scenario

UbiquiTO [6], a mobile tourist recommender system for the city of Turin, lacks some
important information about its user Mary. Thus, it is not able to provide an effective
personalization. A possible solution (avoiding to bore Mary by directly asking her for
the missing information) is to exchange information about her with other UM-based
systems working in a similar context. First of all, UbiquiTOshould find out systems
which store such information. With the existing solutions,UbiquiTO has no means to
automatically discover other systems. This means that UbiquiTO’s developers need to
explicitly encode this information in the system. For example, UbiquiTO knows about
iCITY [4], a social recommender of events occurring in Turin. In order to start a col-
laboration, it has to contact it, and to reach an agreement onthe protocols to be used in
the communication. Since UbiquiTO and iCITY do not share exactly the same repre-
sentation of the domain, some interpretation problems may occur. For example, when
the requested user feature is not represented in a common wayin the two systems, some
form of conversation can be useful to clarify the meaning of the used terms.

As it can be seen in the scenario, one of the main obstacles forinteroperability is
that an application needs to discover other applications able to interoperate (i.e. the
discovery issue) and needs some mechanisms and protocols that must be used tointer-
operate (i.e. thesyntactic interoperability issue). Theoretically, all the agreements have
to be taken in a Peer-to-Peer way, which is time consuming andrequires a big overwork
when dealing with a large number of services.
Another problem is related to thesemantic interoperability issue: if the knowledge
model is shared, and thus the involved services agree on the meaning of terms, it is pos-
sible to exploit simpleatomic communication(where a system merely asks for the value
of a property and the other system provides it) by means of standardrequest/response
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invocation. Instead, when the knowledge models are note shared, atomic communica-
tion is not sufficient since systems have to agree on the meaning of each single prop-
erty. Conversationcan be used in order to negotiate the meaning (i.e. finding similar
concepts, reasoning on concepts in order to find an agreement[10]) and also to approx-
imate the response when an exact one is not available. The requirements for atomic
communication and conversation are different: for the former, systems must only know
how to ask for the desired property; for the latter, in addition to the previous infor-
mation, systems must also know how to structure the conversation, how to express a
message, and the allowed order of messages.

3 The SOA Framework

Taking into account previous considerations, in our visiona framework supporting UM
interoperability has to offer tools and facilities to: i) support the discovery of systems
offering the desired information; ii) provide shared ways to describe the different inter-
operability capabilities of applications (both syntactically and semantically); iii) sup-
port atomic communicationandconversation. Moreover, it is important to respect the
privacy policies of the involved services, protecting the UM features and the sensible
data.
The framework we propose has the following features. It is based on Web Services and
Semantic Web standards and it provides a centralized and shared definition of the tools
supporting communication. It uses a UDDI (Universal Description Discovery and In-
tegration) [1] registry which stores information about allthe available services. In this
central registry each service declares, beside its WSDL (WebService Definition Lan-
guage) interface, the supported syntactic and semantic communication tools. To take
part in the framework, applications must use Web Service standards as a basic com-
munication protocol. They must expose their services by means of a public interface
described in WSDL, accessible via HTTP by means of SOAP (Simple Object Access
Protocol) messages1. Systems have also to refer to an external ontology regardless of
the inner knowledge representation. Finally, systems are required to use a mechanism
like OpenId (http://openid.net) to provide a common user identification.

3.1 Conversation model

A novelty of the framework is the ability to support complex interaction in form of
conversation. The framework is designed to support the implementation of complex
interactions using different techniques and models. In this paper we exploit the dia-
logue model presented in [5] (based on Dialogue Games [11] and Speech Acts the-
ory [12]), since it was specifically conceived for UM interoperability. This dialogue
model adapts the diagnostic learning dialog model of [8] to UM interoperability con-
text. The basic dialogue primitive in the model is the SpeechAct (SA). Each SA is
represented as a couple<move, statement>. A moveis a domain-dependent verb ex-
pressing the system intention (e.g. to inquire, to deny, to accept, to inform, etc). A

1 Simple Web Service wrapper can be used to provide WSDL interface to existing UM-based
applications.

13



statementabout the User Model is represented as a triple<property,value,belief>: for
example,<interestArt,0.8,0.2> means that the value of the property “interest in art” is
high with low certainty.
The building blocks of the model are thedialogue games: templates describing the
communication behaviour the systems can follow to reach a particular goal. A dialogue
game is activated when itspreconditionsare satisfied and is defined by the combination
of:

– conversation protocol: conversation expressed in terms of messages exchanged be-
tween two roles, i.e. the allowed moves in SA and how to order them, from the
different point of view of the requestor and responder;

– focus strategies: strategies to collect the concepts that can be discussed ina conver-
sation;

– scope strategies: strategies to select from the focus the concepts to be used as state-
ments in the SAs;

The model was instantiated in the UM interoperability context in [5], where three main
goals were identified: i) to clarify the request; ii) to approximate the response; iii) to
explain the response. Three dialogue games were then definedto reach such goals.
TheClarification Gamesupports the goal of refinement of the request. The responder
can use this game to restrict the request’s context to disambiguate the concept, when
systems do not share the same knowledge model. The rationaleof the game is the use
of concept properties to disambiguate the meaning of the requested User Model fea-
ture.
The Explorative Gamesupports the goal of approximation of concepts by collecting
information about the concepts and relations in the knowledge base to find an approxi-
mate answer, when an exact one is not available or it is but theassociated belief is too
low. The rationale of the game is that if there is not the valueof the requested concept,
the values of related concepts can be used instead.
TheExplicative Gameclarifies why a particular user feature value or belief is present.
This dialogue game can start when there is a discrepancy in the participants’ beliefs that
need justification.

3.2 Overview of the framework architecture

Each UM-based application running in our framework is aWeb Service(see figure
1) and has to provide the basic WSDL operation to support atomic communication to
share UM knowledge (e.g.getValueOf(property,..), and the interface to correctly interact
with a central registry,Enhanced User Model UDDI Registry(EUMUR). This is a an
UDDI registry (used as a standard discovery tool) adapted and enhanced according to
the peculiarity of the UM context. Beside the declaration ofall the services cooperating
in the framework, here we can find the definition of all the tools that can be used as
model for the communication between services. EUMUR has three main components:
theCommunication Tools, theServices Declaration, and theSearch Network Buffer.
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Fig. 1.Framework Architecture

Communication Tools. This component contains the list of supported mechanisms for
enable different kinds of enriched interactions.
Conversation Protocolstores the description of all the conversation protocols used in
the framework. For each conversation we have: (i)convID, a unique identifier in the
framework; (ii) role1 Interaction Protocol, describes the complex sequence of mes-
sages that a Web Service playing the role1 has to implement inorder to respect this
conversation protocol; (iii)role2 Interaction Protocol, describes the sequence of mes-
sages from the role2 perspective.
Focus Strategy Declarationdescribes strategies to browse through ontology concepts.
In particular we have: (i)focuStratID, a unique identifier; (ii)strategy, described as
semantics-based query over the (RDFS or OWL) ontology.
Dialogue Game, the schema for a dialogue game (see section 3.1) that contains: (i)
gameId, a unique identifier; (ii)precondition, a set of conditions that make the imple-
mentation of this game significant; (iii)convId, a reference to the Conversation Protocol
used in this game; (iv)focusStrategyId, a reference to the Focus Strategies exploited in
this game; (iv)scopeStrategies, the list of strategies used in this game to select between
the concepts retrieved by the focus strategies.

Web Services Declaration.It contains the list of Web Services available in the frame-
work associated with the declaration of the supportedCommunication tools. For each
UM-based Web Service we have the following fields:ServiceName(the name of the ser-
vice);Wsdl reference(the reference to the WSDL file describing the operations offered
by the service);Ontologies(the list of all the ontology schemes the service refers to);
Conversation protocol(the list of conversation protocols the service can implement);
Focus strategies(the list of focus strategies the service is able to exploit); Games(the
list of dialogue games the service is able to play).

By means of this central registry an application looking forpartners to exchange
user knowledge can immediately know if each candidate Web Service shares the same
ontology, and which kind of protocols, strategies and gamesit supports. Note that the
Conversation Protocolsand theFocus Strategiesare conceived as independent tools,
that can be implemented also out of the context of a Dialogue Game.
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Search Network Buffer. It is a shared network space able to automatically match
service requestors with service providers of specific UM knowledge. The interaction
model is managed according to thepublish/subscribepattern and the data exchanged
represent requests of user features and responses of availability of values for the re-
quested features. In details,

– all the servicessubscribeto the SNB asking to be notified (as a provider) when a
certain kind of request arrives into the buffer (subscr(r′

x
) in figure 1);

– when a service (acting as a requestor) looks for some user information, itpublishes
a request to the buffer describing the desired feature (publish(rx) in figure 1);

– the SNB notifies (notify(rx) in figure 1) all the subscribed services according to the
request features;

– all the notified services look at the received request, and, if able to satisfy it, they
reply to the SNB declaring their availability (just declaring that they have the re-
quested data);

– the requestor servicereadsfrom SNB which are the available services, checks the
Service Declarationto know the features of those services, and it can directly con-
tacts each provider service to ask for the desired information.

In the SNB neither UMdimensionsnor valuesare shared, since the buffer just hosts
requests (and answers) of collaboration. The exchange of UMdimensions and values
will take place in a peer-to-peer way, so, the requestor service is free to select which
tools to use for the interaction (according to its internal policies), while the provider can
apply its own privacy policies for data access.
The format of a SNB request is:(Sender, Action, Kind, Ontology, Focus, Object, User),
whereSenderis the name of the requestor,Action is the constantinquiry, Kind is the
typology of the request:byUri (if it refers to a specific ontology) orbyLabel(if ex-
pressed by means of a label);Ontologykeeps a reference to the supported ontology;
Objectcontains theURI or theLabelof the requested concept;Focuscontains the focus
strategy id used by the requestor uses;User refers to the user the request is referring
to. For instance, when UbiquiTO needs information about theconceptconc#134re-
ferring to the ontologyTourismTO, it invokes the following operations on the SNB:
publish(iCITY,inquiry,byUri,TourismTO,null,conc#134,user456)and in this case all the
services previously subscribed by means of operations likesubscribe(MyName, inquiry,
byUri, TourismTO)will be notified by the SNB.

4 The Framework in Action

In this section, we applied our model to the scenario depicted in section 2. Each ser-
vice in the scenario should respect the framework requirements, i.e. to provide a WSDL
interface, to declares the ontologies, the interaction protocols, the focus strategies and
the dialogue games it supports in theService Declarationin EUMUR. Furthermore,
each service must be subscribed to the SNB to publish and readinformation from it.
UbiquiTO, to provide personalized services to its user Mary(us897), needs her in-
terest2 in the conceptconc#345Bof the domain ontologyTourismTo. In order to ver-

2 We assume that all the applications involved in the framework refer to the Public General User
Model Ontology (GUMO, http://www.ubisworld.org/) for the definition of the UM features.
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ify which systems may provide it, UbiquiTO publishes a request into the SNB:pub-
lish(UbiquiTO,inquiry,byUri,TourismTo,null,conc#345B,us897). iCITY, subscribed for
this kind of request is notified about the request and, since it has the requested value,
answers to the call. UbiquiTO, looking at the registry, retrieves the iCITY WSDL ref-
erence, so it can directly ask it for the needed user feature,by means of the operation
getValue(byUri,conc#345B).

In a second moment, UbiquiTO, since it has to suggest to the user some relevant
artistic places to visit, needs to know the user preference about the concept labeled as
church3 in its ontologyArt . Since no systems share such ontology, it submits to the SNB
the byLabelsearch request:publish(UbiquiTO,inquiry,byLabel,art,null,church,us897).
iCITY, subscribed to this kind of requests, answers offering its availability since it has
the labelchurch in its ontologyTour-guide; thus iCITY contacts UbiquiTO. However
in Tour-guide the label is associated to two different concepts:churchas place to visit
andchurchas place for religious celebration. Looking at the Service Declaration, iCITY
finds that UbiquiTO is able to play theClarification Game(see 3.1) (clariG in the Fig.2)
that can be used to refine the request. Thus it asks UbiquiTO tostart an instance of this
game: iCITY, following the focus strategy prescribed by thegame, inquires for the dis-
tinctive properties of the concept labeled aschurch. For instance, iCITY could produce
the SA <UbiquiTO, UbiquiTO, inquiry, celebrationtime> sincecelebrationtime is
a discriminating feature for religious places. If UbiquiTOreplies with a<UbiquiTO,
iCITY, deny>, iCITY may ask for other relevant properties (such as form ofworship,
priest’s name, etc), in order to be able to deduce which concept the label refers to.

5 Conclusion and Related Work

The paper deals with the interoperability among UM-based applications in order to ex-
change user model knowledge. The main contribution of our work is the proposal of
i) an environment based on Web Services and Semantic Web standards, ii) a powerful
discovery mechanism, ii) the support of conversations as means of negotiation. Two
main kinds of UM interoperability solutions have been proposed in the literature: cen-
tralized [15] and decentralized [14]. Our intention is to exploit the advantages of the
distributed approaches (such as flexibility in managing privacy) [14] providing a cen-
tral shared point used as a warranted reference to cooperation. A similar model to the
Search Network Buffer has been proposed in [7] in order to share UM fragments by
means of a central repository. Other approaches propose a similar solution in a totally
decentralized perspective, such as [13], applying agent-based technologies in ubiqui-
tous environment.
We propose a mixed solution where the publish/subscribe pattern is just used as a cen-
tral point for automatic user feature discovery, and where there is not a shared user
model description and the exchange of user knowledge takes place in a peer-to-peer
way. Another interesting mixed solution for UM interoperability is proposed by [3].
The author suggests the exploitation of a central registry to find out those web systems
storing the requested user feature. Systems are required tomake each UM available to

3 In this example we suppose that applications use a shared vocabulary ofterms.
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other systems through a RDFS representation. The exchange of UM valuesis held ac-
cording to a p2p modality. To solve semantic heterogeneity,systems lead a Similarity
Measure Algorithm, which follows the word sense disambiguation theory to compute
the semantic similarity among user model data.
Ontologies as basis for interoperability are used in particular in the learning environ-
ment. We can mention [2], which proposes an ontology-based framework where the
UM exchange among several UM Servers is realized by means of aset of Ontology
Server. The usage of ontology is also exploited in [9], whichpresents an architecture
where a central general repository (GUC) maintains user models described by means
of different user application-views, i.e.UM instances associated with several schemes.
The issue of semantic interoperability is reached by means of facility offered to ap-
plications for the ontologies mapping. Instead in our approach, semantic conversations
are used to reach an agreement over not shared concepts. However, a similar form of
semantic agreement can be implemented in our framework as well: for instance, an
ontologies-mapper Web Service can be easily integrated in the architecture by means
of the publish/subscribe mechanism.
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Abstract. This paper presents an approach to exploit widely used tag
annotations to address two important issues in user-adaptive systems in
the cultural heritage domain: the cold-start problem and the integration
of distributed user profiles. The paper provides an example of re-use of
user interaction data (tags) generated by one application into another
one in similar domains for providing cross-system recommendations.

1 Introduction

The Web 2.0 phenomenon, coined by O’Reilly Media in 2004 [10] introduced
various social applications enabling online collaboration and encouraging the
participation and contribution of spontaneous social networks. According to Ya-
hoo! “the future of the web is about personalization...weaving the web together
in a way that is smart and personalized for the use.”[2]. User modeling that
support personalization for a single application are reasonably well understood.
However, contemporary users typically roam in a distributed information world,
in which also a range of devices play a role when they interact with the informa-
tion. Although the experiences become more engaging, more targeted and more
effective across multiple applications, these are still “digital islands” in terms of
personalized experience - not truly interconnected in a way that allows users to
capitalize on the full potential of a distributed multi-application environment.
The user data collected by different systems is fragmented over all of them and
the user profile is inherently distributed and often not consistent.

The focus of this paper is to illustrate an approach to realize personalization
in distributed and interactive environments. We show how existing fragments of
user data in the form of tags can be brought together with the help of explicit
semantics, and in this way allow for an adequate personalized experience across
the boundaries of particular applications and devices. This poses a considerable
number of technological demands. Working in a distributed setting implies that
personalization has to consider both data-integration issues (how is information
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from different applications and devices related) as well as context-modeling issues
(in which space/time/mode are statements about a user valid). In this paper we
look at the data-integration issues, as a first step in reaching the end goal.
Concretely, we provide a method for extracting, conceptualizing and linking
user tags contained in public RSS files generated in the interaction of users with
a social recommender system iCITY [3]. The tags are mapped to art-related
concepts used in the personalized museum applications CHIP. Note that RSS
files are offered by the majority of social applications and provide a real, even
though a limited, solution to the interoperability challenge in distributed context.

One of the advantages of the approach we take is its potential for overcoming
the “cold start problem” in user-adapted systems. It not only provides applica-
tions with user data even if they have not used the system yet, but it also does
not load the user with yet another “interest filling in” activity. Additionally,
both systems get a more exact view on the user’s interests.

The paper is structured as follows: section 3 describes the functionality and
architectural specifics of iCITY and CHIP systems. These are further elaborated
in section 4 as interoperability aspects, such as conceptualization of iCITY tags
and storing such tags in the CHIP user profile. Finally, in section 5 we draw
conclusions and future work trends.

2 Related Work

Users are increasingly involved in multiple Web 2.0 environments, such as Face-
book.com, Flickr.com, Del.icio.us, etc. Most of those services maintain a different
identity, e.g. login information, preferences or profile of users but there is a lim-
ited integration of these user profiles between different applications and still not
a methodological approach of how to assess the users experience and improve in
an evolutionary way the provision of the services.

Social tagging is of utmost relevance to the Cultural Heritage domain, which
may be of help: (i) to bridge the gap between the professional language defined
by domain experts and the popular “un-trained” language; (ii) to encourage
individuals to find personal meanings/perspectives in public collections by la-
beling the cultural heritage resources (e.g. artworks); and (iii) to create public
engagement with cultural heritage collections. Projects that explore this chal-
lenge, such as the Steve Museum [12], demonstrated the effectiveness of social
tagging in engaging visitors and for the museum to understand what users con-
sider as relevant. The Powerhouse Museum [6], proved that user tagging and
folksonomies can improve navigation and discoverability through the museum
collection.

Furthermore, user tags could be extremely useful for adaptive web applica-
tions [9], e.g. to enrich and extend the user model [4]. Annotations can become
part of the user profile as “an indication of his perspective on the content col-
lection and interest in the annotated object” [13], thus, the systems can obtain
from the tags the user has inserted, knowledge about preferences, interests, etc.
Adaptive systems may use this “tag-enriched” profile for recommendations. No-
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tice that tagging, and more generally annotating, can be considered as possible
actions a user can perform on a social web site. As other kinds of usage data [8]
(clicking, buying, etc.) these actions represent an important feedback from the
user. In fact user usually tags to highlight and organize the items she is inter-
ested in, in order to retrieve them later. Thus the action of tagging is a stronger
indicator [8] for user interests than simply clicking on a link, and therefore should
be be analyzed in order to make interesting inferences on the user model.
To be able to exploit tags for improving the user model, systems are required to
understand the semantics of the tags. Suitable strategies borrowed from auto-
matic Word Senses Disambiguation (WSD) are applied. This involves matching
the context of a word instance with either information from an external knowl-
edge source (knowledge-driven WSD), or information about the contexts of pre-
viously disambiguated instances derived from corpora (data-driven or corpus-
based WSD) [7].

3 iCITY - CHIP User Interoperability Architecture

The section illustrates the main characteristics of iCITY and CHIP user-adaptive
systems and the interoperability aspects of their architectures (Fig. 1).

Fig. 1. iCITY-CHIP Interoperability Architecture

3.1 iCITY Tagging and Recommender System

iCITY is a social web-based, multi-device recommender system. It provides sug-
gestions on cultural events in the city of Turin, and allows users to insert new
events, to add information about events, to insert comments and tags. Rec-
ommendations are based on the user model enriched with tags, exploited to
infer user features (see [4]). The iCITY user model is an overlay of the iCITY
Event ontology, created as an RDFS transformation of the event classification in
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TorinoCultura4, a web portal managed by the municipality of Torino for inform-
ing citizens about cultural ongoing events in the city. This ontology contains links
both to WordNet5 synsets and domains. iCITY has a modular architecture for
extracting, maintaining, reasoning and exporting of user tags (Fig. 1(a)), which
can be shared with other applications via a RSS feed. The main components for
interoperability (Fig. 1(a)) are the Importer and Exporter Modules responsible
respectively for the extracting the tags from external sources and making user
tag available to other applications.
iCITY Importer Module. In the iCITY registration form, a part from user-
name and password, the user can provide the tags that best describe her and
her social web community. If the user provides web community accounts (e.g.
flickr.com, del.icio.us), the Importer Module retrieves the available RSS files con-
taining the set of tags provided by the user in those web communities [5]. The
Importer Module is able to extract these tags regardless of the format used to
represent them. Once all the user tags have been extracted, they could give in-
teresting information about user interest and knowledge. In order to understand
their meaning, the system looks for correspondences between the tags and the
synsets and the domains of the MultiWordnet database6

If one or more correspondences are found, they are linked to the Event Ontol-
ogy class/subclass. Thus, the system can reason on tags and increases the level
of inferred user’s interests related to the class the tag belongs to. However, this
approach is limited and suffers from several problems. Whether the tags could
not be directly mapped on the concepts in iCITY ontology iCITY loses some
important information.
iCITY Exporter Module. The Exporter Module generates, for every user, a
RSS file with the list of the events tagged by the user. For every event, the file
stores: the title, the URL , the description, the reference to the event category
and subcategory in the iCITY event ontology, the reference to the Wordnet
synsets and domains linked to the subcategory, and finally the list of the tags
associated by the user to the event. Notice that, the list of tags (< dc : subject >)
is expressed as a simple list of meaningless strings.

The only way to provide semantics to them for the receiver is exploiting the
reference to the category and subcategory the event belongs to in the iCITY
event ontology, and the reference to the WordNet domains and synsets7. In this
way, a recipient system can import the RSS file containing the tags used by a
particular user, and it can try to disambiguate the meaning of the tagged event

4 http://www.torinocultura.it/
5 http://wordnet.princeton.edu/
6 In MultiWordnet (http://multiwordnet.itc.it/), and Wordnet, each synset is anno-

tated with at least one domain label, selected from a set of about two hundred labels
which constitute the so-called WordNet Domains.

7 We provide two different synset IDs for every sysnet: the former is re-
ferred to the database location id shown in the online version of WordNet
(http://wordnet.princeton.edu/perl/webwn); the latter refers to the ID given to the
synsets in MultiWordet
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thanks to the information, provided in the RSS file, about the event subclass
they belong to and the references to WordNet domain and synset.

In the example, after tag disambiguation, the receiver could infer from the
tags a user interest in Art, and in particular contemporary art, or compute the
level of active participation of the user in the system depending on how many
tag the user inserts [4].

3.2 CHIP Artwork Recommender and Personalized Tour Guide

CHIP system (Cultural Heritage Information Personalization) allows users to
create their personalized museum experiences both with the virtual collection
on the Rijksmuseum Web site and in the physical museum space by using a PDA
mobile device. Our goal is to demonstrate how Semantic Web and user modeling
technologies can be deployed to enhance the personalized museum access.

For the semantic enrichment of the Rijksmuseum ARIA8 digital database
(750 master pieces), we used mapping of ARIA terminology to external vocabu-
laries and thesauri [1], namely the three Getty vocabularies9: Art and Architec-
ture Thesaurus (AAT), Union List of Artists Names (ULAN) and the Thesaurus
of Geographical Names (TGN), as well as the subject classification Iconclass10.
The use of common vocabularies provides the new data repository a relational
and hierarchical structure for reasoning and making recommendations.

Based on the semantic-enriched data model, we implemented three different
tools/components in the CHIP demonstrator: (i) Artwork Recommender, (ii)
web-based Tour Wizard, and (iii) PDA-based Mobile Tour.

– Artwork Recommender, a Web-based rating dialog for artworks/topics to
build a user profile, based on semantics-driven recommendations.

– Tour Wizard, a Web-based tool using the user profile to generate (semi)automatically
personalization virtual museum tours for each user.

– Mobile Tour, a PDA-based tool to map virtual tours into the physical mu-
seum space with constraints (e.g. available artworks, time); to give guidance
to users and to synchronize the user profile on the web and in the PDA.

To collect various user interactions from these different tools, we took an
open Web and ’non-intrusive’ approach to build a user profile with four differ-
ent categories of user information: personal, social, iteraction and ratings. (i)
personal category stores the user stable characteristics (e.g. name, age, gender,
mbox), which in a typical open Web context could be initialized by either im-
porting an existing FOAF RDF profile or via an OpenID channel linking the
CHIP login data to an existing login information of third party Web applica-
tion; (ii) social category describes the user’s social information also initialized
by FOAF properties,e.g knows, openid, organization, OnlineAccount, etc; (iii)
interaction category stores the user’s various interactions from different CHIP
8 http://rijksmuseum.nl/aria/
9 http://www.getty.edu/research/conducting research/vocabularies

10 http://www.iconclass.nl/libertas/ic?style=index.xsl
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tools, e.g. virtualTours (artworks created in the Tour Wizard on the Web), re-
alTours (artworks visited in the real museum), time duration in the real tour,
etc.; (iv) ratings is the core category, which maintains the user’s explicit ratings
of artworks and topics in terms of VRA Core properties11, e.g. work, creator,
title, creationDate, creationSite, subject, etc.

4 iCITY-CHIP User Tag Interoperability

In this interoperability use case we use an open API to request and link the user
data. Once the user personal (login) information is aligned between CHIP and
iCITY (Fig.1(b)), based on the RSS feed we maintain a dynamic mapping of iC-
ITY user tags to the CHIP vocabulaty set: Rijksmuseum specific ARIA concepts,
shared domain vocabularies (e.g. Getty AAT, ULAN, TGN, and IconClass) and
general purpose lexical data such as WordNet.

The main challenge in achieving the interoperability of user tags between
the two systems iCITY and CHIP is to provide a dynamic mapping mechanism,
which allows for a constant stream of user tags from iCITY to be interpreted
(mapped) to concepts from the internal vocabularies of CHIP. This will allow
to use iCITY tags to populate the user profiles of users (especially first-time
users) in CHIP and to be able to instantly generate recommendations in the
Rijksmuseum collection.

To implement the tag mapping from iCity to CHIP, we use the Simple knowl-
edge organization System (SKOS) Core Mapping Vocabulary Specification12 cre-
ated for linking thesauri to each other with relationships, e.g. skos:equivalentConcept,
skos:broader, skos:narrower and skos:related. For the first stage alignment, the
mappings are still based on the lexical match of tags. With a few additional
simple restrictions by applying the type of tags, a lexical match gives more con-
fidence to generate a strong semantic match [11], e.g. a semantic equivalence
mapping to “Amsterdam”, known to be the geographical name of a city, can
be made with owl:sameAs13. The mapping from iCity user tags “Amsterdam”,
“Giovanni”, “photography” and “1400” to CHIP vocabularies is realized in two
steps: (i) to identify the type (e.g. creator, place, material, etc.) of tags as a
simple restriction; (ii) to map tags by using SKOS Core mapping relations. The
iCITY tag “Giovanni” results in two partial matches in the Getty Unified List
of Artist Names (ULAN) with the type of creator: “Piranesi, Giovanni Bat-
tista” and “Tiepolo, Giovanni Battista”. The level of ambiguity with names as
user tags could be quite high, especially if the domain in not only limited to
art. To confirm whether “Giovanni” is either of the two Getty ULAN artists
or none of these two, we need further evidence from the user tag cloud, e.g.
the event (annotated with this tag) and related tags (used together to annotate
this event). From the user’s iCity RSS file, we know that “Giovanni” is used to
annotate the event “Why Africa?” together with other tags “Africa, exhibition,
11 http://www.vraweb.org/projects/vracore4/index.html
12 http://www.w3.org/2006/07/SWD/wiki/SkosDesign/ConceptualMapping/ProposalOne
13 http://www.w3.org/TR/owl-features/
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art, contemporary, Torino” and actually the user means “Giovanni Agnelli”.
Thus in this case, although we have good partial match, we use the semantic
weak “skos:related” mapping relationship with a low certainty. Another ex-
ample, the semantic equivalence between iCITY tag “Amsterdam” and Getty
Thesaurus of Geographic Names (TGN) creationSite “Amsterdam” is expressed
with skos:equivalentConcept for the type of place.

Compared with “Giovanni” (2 weak related matches), “Amsterdam” (1 ex-
act match), and “1400” (no matches), the mapping of “photography” is more
complex, which results in 8 partial matches in the CHIP vocabularies with dif-
ferent SKOS mapping relations and different tag types: (i) the skos:narrower
for the type material points to “Photo/collotype”, “Photo/Gelatin silver print”
and “Photo/Bromide print” in the hierarchical specialization of Rijksmuseum
ARIA vocabulary; (ii) the skos:broader for the type subject indicates “Pho-
tographs”, “Photographic techniques”, “Photography as inspiration” and “Pho-
tography books” in ARIA as well; (iii) the skos:equivalentConcept for the
type subject refers to the IconClass concept vocabulary “Photography”, which
describes a semantic equivalence; and (iv) again, a semantically weak relation-
ship skos:related for the type artwork is applied for “Jerusalem, etude et
reproduction photographique des monuments de la Ville Sainte” in ARIA.

These examples above give a good illustration of the semantic and syntactic
mappings we can provide between the iCITY tag cloud and the CHIP art con-
cepts. Maintaining a certainty level for each mapping allows for tuning of those
concept’s relevance. Further evidences from the tag cloud and/or the user model
allows for a better accuracy as well as the user’s direct feedback/confirmation.
However, there are still some problems remaining. i) Tags can be messy. The
mapping is realized in two steps: first, to identify the type of the tag, e.g. whether
Giovanni is a person, a kind of material or a place; and then to the map tags
using SKOS mapping relations. ii) Grammatical variation. Often tags appear in
various grammatical forms, which do not completely match the CHIP concept
form, e.g. noun, verb, adjective and adverb formas. Maintaining additional rela-
tionships or distances between the different term forms allows for clustering of all
possible mappings for a given tag, e.g. sculpture - sculptural - sculptor, theater -
theatrical. Using mapping to WordNet can facilitate this process efficiently. iii)
Combined effect of tags for recommendations. After the tag mapping, we face
the issue of generating recommendations in CHIP based on the mapped tags.
Considering tags are often used together, we should treat the tags differently de-
pending on their relations with the annotated events, which are described in the
user’s RSS file. iv) Ranks of recommendations. To rank the recommendations
based on different tags or tag groups, we are considering maintaining a dynamic
weight for each tag, which could be defined by some factors, e.g. frequency,
uniqueness, etc.
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5 Conclusion and future work

In this paper we have presented an approach to exploit widely used tag anno-
tations to address two important issues in user-adaptive systems in the cultural
heritage domain: the cold-start problem and the integration of distributed user
profiles. We have sketched a scenario, in which user tagging about cultural events
gathered by iCITY is used to enrich the user profile for generating personalized
recommendations of artworks in CHIP. To realize full tagging interoperability,
we have investigated the problems that arise in mapping user tags to various
ontologies , and we proposed additional mechanisms, such as the use of SKOS
matching operators, to deal with the possible mis-alignment of tags and domain-
specific ontologies. Issues that need to be addressed in future research are the
loss of information that occurs when relating tags to event ontologies (iCITY)
and the effective mapping between of single or possibly multiple tags to the
domain-specific ontologies as used in cultural heritage.

Last but not least, the CHIP user model has to be exported back into iC-
ITY recommender in a interoperable format, in a way that the iCITY Importer
module should be able to import this information. The inferences made by the
CHIP recommender could be extremely useful in order to refine the iCITY user
model and could also help the iCITY reasoning component to solve some of the
disambiguation problem described in 3.1. On the other side, the CHIP mapping
component could be refined in order to consider also the sysnets and the do-
mains information exported in the iCITY RSS file to have an help in solving its
disambiguation problems.
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Abstract. User model interoperability offers opportunities for acquiring 
relevant fragmented information about learners in order to provide cross-system 
personalisation and support for planning lifelong learning and related activities 
throughout life. To this end, in this paper, we adopt a service-based approach 
and develop a comprehensive ontology for planning lifelong learning that could 
serve as a reference model in order to support the development, mapping and 
integration of user models in the context of a lifelong learning network.  
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1   Introduction 

In Lifelong Learning Networks (LLNs) infrastructures should be able to support 
cross-system personalisation by exploiting user models embedded in various systems. 
[1] [2]. This paper illustrates the importance of user model (UM) interoperability in 
order to enable learner information that has been accumulated in one learning context 
of a LLN to be reused in another in as highly an automated fashion as possible and 
operates within the E-Learning Framework-ELF (http://www.elframework.org/). The 
basis of our approach is an ontology-based user model, presented in Section 2. In 
Section 3, we discuss the role of the developed ontology in an LLN, and describe a 
service-based broker approach for cross-system personalisation taking an example of 
user model interoperability from the MyPlan project1. Section 4 presents conclusions. 

2   A User Ontology for Planning Lifelong Learning 

The development of comprehensive ontology-based user modelling requires particular 
support in its design and structure in order to elicit and organise the user models in a 
consistent, reusable and transparent fashion [3]. To this end, there have been several 

                                                           
1 The MyPlan- Personal Planning for Learning through Life project 
(http://www.lkl.ac.uk/research/myplan/) is funded by the e-Learning Capital Programme of the 
Joint Information System Committee, UK. 
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attempts to create user ontologies based on a variety of methods in recent years. 
Examples are the OntoClean (ontoclean.org) and IDEF5 (idef.com/IDEF5.html) 
methodologies, and the Onto-logging [4] and the Elena projects [5]. Also [6] 
introduced the general user model ontology (GUMO) for the uniform interpretation 
and communication of distributed user models in intelligent semantic web enriched 
environments. Lastly, [7] proposed the Shared User Model (S-UM) for mapping 
various user models to each other in multiple educational applications by a two-way 
mapping for each schema to and from every application and the shared user model. 

Our work adopts Noy and McGuinness’s methodology [8], which combines 
standards and general information dimensions, as in the above mentioned works, and 
breaks down the process of building an ontology into seven basic steps: determine the 
scope, consider reuse of existing ontologies, enumerate important terms, define the 
classes and their hierarchy, define the properties, define the facets of the slots and 
create instances. The proposed ontology aims to capture and enumerate rich metadata 
that cover the main activities performed by users in planning their lifelong learning 
and was built based on the following: 
(i) An analysis of lifelong learners’ requirements conducted during the first phase of 

the L4All project (http://www.lkl.ac.uk/research/l4all/). Additional consultations 
have been conducted within the MyPlan project advisory group and with experts 
in lifelong learning, including workshops, face-to-face and telephone interviews 
with specialists in the field and a scoping study of other projects for planning 
lifelong learning in UK and services in the London area.  

(ii) A review of the most relevant metadata standards relating to learner profiles, 
such as FOAF, IMS LIP, vCard, UKLEAP, EduPerson, PAPI, UKgov, that was 
informed by the regional dimension of our project.  

(iii) A review of several open source lifelong learning systems, such as the L4All, 
Passportfolio (www.passportfolio.com/), e-Portfolio for Lifelong Learning 
Reference Model “eP4L” (www.nottingham.ac.uk/epreferencemodel/), and 
Epsilen (www.epsilen.com). 

Twenty five concepts were identified in the planning of lifelong learning and 
included the Lifelong Learner Ontology (LLO), which has been implemented using 
Protégé (http://protege.stanford.edu/). Central to our approach is the Timeline concept 
conceived by the L4All and MyPlan projects, and its related classes and properties. 
Creating timelines allows users to plan their lifelong learning in the short and long 
terms, and to reflect upon their educational and career choices. This can help lifelong 
learners to obtain a vision of how to organise and structure their lifelong learning and 
work activities. The “Timeline” concept includes episodes that specify activities 
attended or future plans. Episodes can be categorised into three major groups, namely 
“Educational Episodes”, “Occupational Episodes” and “Personal Episodes”, and can 
have start date, end date, name, type, description, comment and ID. Properties that 
represent relationships between different concepts are also defined; for example the 
property “isTimelineOf” links a particular timeline to a particular lifelong learner. A 
Timeline concept owns the ‘hasPrivacy’ property which links the Timeline with the 
Privacy concept/class that contains data relevant to the learner’s privacy issues (e.g. 
learners may or may not give permission for releasing their personal data for a 
particular purpose such as a personalisation service and can specify whether or not 
they allow the data to be transmitted to a third party). The Timeline allows monitoring 
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learner’s current activities and/or future plans and can be used to regularly update 
Lifelong Learner model related concepts/classes, such as Activity, Accessibility, 
Qualification, Affiliation, Competence, Interest, Goal2 and Product with the proper 
information; this can de further used to support personalisation. 

3.  The LLO and an Architecture for User Model Interoperability 

In line with previous work in the area of user model interoperability [7], the LLO is 
intended to be used as reference model for merging and mapping the various user 
model schemas arising in the planning of lifelong learning. To efficiently manage 
distributed UMs in this context, an architecture for UMs exchange and management is 
needed [10]. In this direction, there is a general trend towards designing services and 
ontology standards-based architectures to enable effective educational systems 
interoperability [11] [12] [13] [14]. 

Our work aims to support interoperability between systems that adopt the ELF 
within a LLN. Therefore we have chosen to use a broker service-based architecture 
for accessing, mapping, transferring and integrating UMs to allow personalised 
applications to expose and share available UMs existing in a LLN. The architecture 
shown in Figure 1 illustrates how a service-based framework and the reference model 
ontology will facilitate UMs interoperability between two systems: the L4All and 
eProfile (www.essex.ac.uk/chimera/projects/eProfile.html). This architecture consists 
of: (i) a Web Portal that provides a graphical user interface that represents the main 
gate to the LLN. It allows LLN users to access various services provided by different 
systems within the LLN and includes web components that activate collaboration 
between various services to support the lifelong learner activities within the LLN; (ii) 
a Broker that includes services to exchange user information, to update user models, 
to merge and map the different user model ontologies and schemas according to the 
LLO. This architecture provides UM interoperability at two levels: 
(i) the syntactic level, where the broker provides components and services for  

accessing and exchanging user information as needed. This level relates to the 
transfer, storage and retrieval of user-related information, using standard web-
services technologies such as UDDI, WSDL and SOAP.  

(ii) the semantic level, which enables the interpretation and integration of user-
related information from various systems. In this context a semantic data 
integration tools, such as AutoMed3 [9] heterogeneous data integration toolkit, is 
needed. 

In Figure 1, the Broker component contains services that are not specific to a 
particular system, which are used to invoke, query and consume the UM information 
via the AutoMed data integration component. The broker also includes a UM 
updating agent, which is used to check the information available about a particular 

                                                           
2 Theses seven concepts are main classes in the IMS-LIP metadata model 
http://www.imsglobal.org/profiles/lipinfo01.html 
3 Automed transforms each schema into a Common Data Model (CDM), chosen by the 

integrator in order to remove the heterogeneity of the various schemas’ data models. All 
source, intermediate and integrated schemas, and the mappings between them, are stored in 
AutoMed’s Schemas Transformations Repository. 
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user in the LLN and henceforth update the UMs of other systems with the relevant 
fragments of the most recent user data, if needed. AutoMed can be used as a 
mediation service between the two systems, where it is invoked by a service (see 
Broker-No4 in Fig. 1), receives its output, transforms it into the proper format and 
makes it ready for consumption by another service (see Broker-No5 in Fig. 1).  

 

 
Fig. 1 Service-based broker architecture to enable UM interoperability. 

4.  Conclusions 

This work focused on investigating UM interoperability for the planning of lifelong 
learning in the context of a Lifelong Learning Network. The first aspect of the 
research concerned creating an ontology-based user model whilst the second aspect 
concerned proposing a service-oriented broker-based architecture to facilitate 
communication between systems and mapping of different user model schemas 
according to the Lifelong Learner Ontology developed.   

An interesting extension of our work will be going into semi- or fully automatic 
solutions for mapping user models into the LLO. Automatic mapping between 
different personalised systems’ user models into the LLO will enable more effective 
interoperability between them. In addition, there is a need to tackle the many security 
and privacy concerns from a technical perspective in order to protect users’ privacy 
rights and to encourage them to use the infrastructure of the Lifelong Learning 
Network in a safe and secure manner.   
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Abstract. This paper introduces an interoperability framework for user models
between Adaptive Educational Hypermedia (AEH) systems. The framework
classifies the user model attributes into four groups: Identifiers, Adaptation,
Presentation and Domain. Mapping between user models is based initially on
the attributes of the user model and then refined through the information
contained in the user profiles. Experimental results are encouraging with high
levels of success in mapping variables between the different AEH systems used
in the tests. The paper concludes with a discussion of the future work which
will involve ways of mapping interdependencies of the user model attributes.
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1 Introduction

Creating good quality AEH [2] systems is a time-consuming, expensive and complex
process, which in practice almost never occurs outside of research labs. Considering
the difficulties in authoring and maintenance of AEH systems (to a great extent due to
a dearth of tools), the idea of interoperability between AEH systems becomes not only
desirable but also necessary [3]. The aim of interoperability is to allow dynamic
interchange of data between AEH systems, i.e. the re-use of previously created
material and the automated transfer of user information, which eliminates the cost of
re-authoring content and the loss of valuable user data acquired over a long time.

The information that is used by AEH systems in order to determine the nature and
scope of adaptation is derived from user profiles. Therefore, when attempting to port
content between disparate systems if there is no transfer of users’ individual
information between these systems, then the adaptive behavior itself cannot be ported.
For instance, when an AEH author creates content in one system, and exports this
along with the user profiles to other AEH systems, the students should be able to
access that material in any system of their choice. When students access a particular
lesson, the information presented to them has to be adapted according to their user
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profile for the relevant user model (UM). Based on the interactions there, their user
profiles should be updated accordingly. Thus, the next time the same user employs a
different AEH system, the user would be presented with adaptive content according to
the updated user profile. In order to achieve this “many-to-many” paradigm [15] in
interoperability of AEH systems, interoperability of content is insufficient. UMs must
also be interoperable between the AEH systems.

The aim of our research is to enable interoperability between AEH systems to
some extent. This requires interoperability of materials, adaptation rules, UMs and
presentation [15]. Previously, we transferred the user profiles along with the learning
material, and attached lessons from MOT [5] to a WHURLE-compatible format,
which enabled, for instance, a teacher to transfer the content authored in MOT to
create lessons in WHURLE-HM [16], thus we provided interoperability of materials
and UMs using the conversion approach [14]. Examining this and the previous
experiments with other conversions such as MOT to AHA! [6] and MOT to
Blackboard [12], we extracted common patterns that should promote interoperability
between other AEH systems. The intention is to move away from the ‘one-to-many’
towards a true ‘many-to-many’ paradigm.

Our next step in achieving this more general interoperability particularly for UMs
is to implement an interoperability system that reflects the existence of
interdependencies between the components that make up an AEH system, such as the
UM, adaptation, presentation and domain. For instance, an AEH system adapts the
presentation of a given domain depending on the current information from the user
profile and applying the adaptation rules to this information. In our methodology, we
make use of these interdependencies to classify the UM attributes depending on their
functionality in the adaptive environment. Our initial work has begun the
implementation of this and demonstrated its operation for a number of AEH systems.

Our research can draw parallels to the recent tendency in using Semantic Web
technologies (i.e. decentralized UMs [8], user modeling services [4], schema
conversion [13], ontology based user modeling [9], and standards [10] as in [7]) in
order to improve interoperability of user profiles.

2 Mapping User Models between AEH Systems

We classify the UM attributes (variables) into the four main categories: Identifier,
Adaptation, Domain and Presentation, which helps in identifying the relationship
between the UM attributes from different systems, making the whole translation task
manageable. The entities to map for each system are the UM attributes, the adaptation
rules, the presentation rules and the domain rules. The UM variables are automatically
classified into one of these categories based on an extensible translation algorithm.
The UM attributes that do not fall into any of these categories are stored separately as
they are considered to be out-of-vocabulary (OOV) entities. The OOV entities are
stored to enable backward translation without loss of data.

The necessary information required for the translation process is extracted based
on the database information (i.e. list of variables, access information, database
structure such as table names, etc.) provided during the registration process. The
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variable-only translation algorithm (described below) is applied to classify the UM
variables into one of the four categories discussed, or else as OOV. Finally the
interdependency translation algorithm (under development) is applied to the data to
show which variables are common, common-like and OOV in the other systems with
regard to the interdependencies in order to provide practical interoperability.

2.1 The Variable-only Translation Algorithm

The algorithm for translating the variables looks at the UM variable names,
frequency, values and types in order to classify them into one of the following
categories; Identifier, Adaptation, Presentation or Domain. The algorithm first
translates the variables by classifying them without the adaptation rules.

The algorithm initially looks at variable names for generic words or expressions
that would help in classifying them based on the patterns revealed from our previous
research [3]. Example expressions are: address, lesson, knowledge and preference.
Each variable with an identified expression in its name is given an appropriate weight
and stored in the relevant category for further processing e.g. address in Identifier,
lesson in Domain, knowledge in Adaptation, and preference in Presentation.

The algorithm then looks at the variable values (from the user profiles) for
numbers, words, sentences, dates or empty values. This classifies them according to
types in order to study the values. If a variable’s values are empty and its name does
not include one of the general terms, the algorithm classifies it as OOV. The empty-
valued variables are considered optional, and not significant for adaptation.

Next the variable values for numbers are analyzed by looking at their uniqueness,
frequency, range or scale to put them into one of the four categories.

The algorithm then looks for date type variables, using different formats of
representing dates (e.g. numeric, USA style, etc.). The current date and time are
compared with the variable value to draw a conclusion. For instance, a future date
cannot be the date of birth of a student; rather they are assumed to be deadlines and
therefore in some way related to the Domain, i.e. a lesson closing date, a test date, etc.

Lastly, the algorithm looks at the variable values for strings, either single words or
sentences. The algorithm assumes that variable values consisting of more than five
words have a high probability of belonging to the Domain category. The algorithm
also looks for specific words/expressions/terms/values in the variable values such as
beg, int, adv, expert, novice, yes, no, female, male, etc. and adds highest weights to
the corresponding variables and puts them in the appropriate categories.

The algorithm also analyzes the variables that appear in more than one category by
examining the frequency or uniqueness of a variable’s value to weigh them. It then
calculates the weights for these variables to decide to which category they belong.

The algorithm is implemented using Perl in such a way that it can function with
any given relational database, making it extensible and flexible. Firstly, the variable-
only translation algorithm is applied to the map of UM variables to classify them into
the four categories discussed above. These are then classified into common, common-
like or OOV. Common and common-like are the variables that have the potential of
having a similar functionality in another system, while the OOV variables are the
ones that do not support a corresponding peculiarity of adaptation in other systems.
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2.2 Test Results and Analysis

So far the algorithm has been tested with three different AEH systems. First we tested
our algorithm with MOT and WHURLE-HM systems to compare the efficiency and
the effectiveness of our methodology with our previous work [3] [14]. When we
tested the algorithm with the online MOT UM [11], the algorithm successfully
classified 23 out of 25 MOT UM variables (92%) into the four categories discussed.
The only UM variables (figures and machine-type) that could not be classified were
Presentation variables. In the MOT system, these are part of the optional preferences
given to the users; hence they do not play a significant role in terms of adaptation in
general. The algorithm could not classify these two variables because, being optional,
they lacked values for most users. Next, the algorithm was tested with the WHURLE-
HM UM where it effectively classified 23 out of 26 of the parameters (88%) into the
discussed categories. The three variables that the algorithm could not classify were
categ, lrange and urange. When they were analyzed, we found that these variables
were static and did not affect the adaptation.

In our previous work, when we employed the conversion approach to transfer
MOT UM along with the MOT content into WHURLE-HM, we achieved a series of
adaptive lessons that could be viewed both in WHURLE-HM and MOT by MOT
users. Nevertheless, these lessons had restrictions because of the problems with the
number of UM attributes transferred between the two systems, such as loss of some
variable values and inconsistencies in two-way transfers. However, with the
translation algorithm approach, we managed to classify most of the UM variables in
both systems. In total, with the translation algorithm the number of OOV variables is
reduced from 29 to 5, compared to our previous work with the conversion approach.

Lastly, we tested our algorithm with the UM of the DEUS [1] system where it
successfully classified 12 out of the 13 UM variables into one of the Identifier,
Domain, Adaptation or Presentation categories, which is again 92% successful.
Lastdate was the only variable that the algorithm could not classify due to all the
values being set to NULL. Therefore, the algorithm classified this variable as optional
(or OOV) as the NULL values indicate that it is not actually being used by the system.
This variable is presumed not to have an impact on the adaptation of the system; as a
result it will not influence the mapping of the variables across multiple systems.

3 Conclusion and Future Work

We found from our previous work that translating UM variables alone is not sufficient
for interoperability of AEH systems. This is especially true for what we called the
OOV variables. This implies that the interdependencies in one system’s variables will
also need to be translated into the other system. The experiments with WHURLE,
MOT and DEUS showed that our variable-only translation algorithm is working
successfully for classifying the UM variables. The next step will be mapping the
variables in the Adaptation category based on the adaptation rules across several
UMs. Future work will look into which adaptation rules each variable is used in, and
if another variable and/or adaptation rule is updated by a variable’s value in order to
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clarify the interdependencies in the systems’ UMs. Thus we have to address the
following issues:

How do the variables get used within the adaptation rules? Is it possible to convert
parameters that define attributes of one model so that they define the adaptation
parameters of another model (and vice versa)? It will also be necessary to access the
part of the system in which the adaptation rules are applied in order to establish how
the conversion process should take place. Here we might need some human
interaction. If this is the case, the framework should ask sensible questions that the
end-user can answer and with that answer continue with the mapping if at all possible.

This framework introduces a possibility to atomize and recombine the interchange
rules according to the rules of each system. This is quite an innovative technique for
AH and interoperability as it is based on the use of algorithms for interdependency
combinations.
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Abstract. Ontologies have been shown to e�ectively model domain
knowledge and to automate reasoning about contextualised information.
To exploit this potential in modelling a highly dynamic domain, such
as pervasive computing, it is also desirable to integrate the ontological
reasoning e�ectively with the other reasoning within the context mod-
elling. In this paper, we describe a conceptual model that provides the
means for both capturing of fast-changing contexts and reasoning about
di�erent people under various contexts. We call it a Personalised Context

Ontology (PECO) and this model consists of four main layers: a top-level
ontology, a middle ontology, an application ontology and the proposition
accretion and resolution layer.

Keywords: personal ontology, ontological reasoning, pervasive person-
alisation

1 Introduction

Ontologies are normally used as static knowledge bases, for example, to more sys-
tematically associate tangible artefacts with abstract concepts [1] and to estab-
lish common vocabularies for knowledge sharing [2, 3]. To organise information
on the magnitude of the World Wide Web, it is critical to somehow automate
the information processing. To tackle this so-called information bottleneck prob-
lem, researchers started to semi-automate the process to construct, update and
populate an ontology, which is called ontology learning and population [4].

Inspired by ontology learning and population, we propose to apply this tech-
nique with readily available document sources to model the highly dynamic
pervasive computing environment [5]. To better capture the dynamic interac-
tion of a pervasive computing environment, we use a dynamic context ontology
with the accretion and resolution (A/R) approach, which provides �exibility
and e�ectiveness in modelling such an environment [6]. This enables us to create
a context ontology that can be continuously updated and provides personalised
and contextualised information in a pervasive computing environment. We called
it a Personalised Context Ontology, or PECO.

? The Smart Internet Technology CRC partially funded this project.

38



2 Related Work

One of the cornerstones of interoperability is the de�nition of a vocabulary or
ontology that can be re-used across applications. In the context of pervasive
computing (PerCom), there has been considerable diversity in the approaches
explored for de�ning and exploiting such an ontology. The related work of ad-
dressing problems of di�erent sets of context ontologies has also explored, for
example in GAIA [2]. The role of ontologically supported reasoning in PerCom
and context modelling has also been examined, for example in the Semantic
Space [7] and by Chen, Finin and Joshi [3]. Departing from that body of work,
we have taken an approach that is driven by the goal of scrutability; certainly our
ontology should serve the various reasoning needs of PerCom, such as reasoning
about inconsistent evidence about location [8] and to provide personalised infor-
mation about a place [9], but we also want to design the ontology so that it can
support explanations of the reasoning. We have created and evaluated an appli-
cation that does this [9]. In this paper, we described the conceptual framework
underlying the design of the ontology, including the lower, more application-
speci�c levels.

In particular, we introduce a new form of �personal ontology�, which takes
the view that di�erent people's understanding of a pervasive environment are
di�erent and that an ontology can capture this. Previous work has explored
various issues about personal ontologies, including but not limited to personal
ontology comparison [10], personal pro�les for Web navigation [11], and personal
ontology elicitation and visualisation [12]. Our work tackles the challenge of
creating low cost, pragmatic personal ontologies by a semi-automated process,
based on mining resources that capture ontological information.

3 A Conceptual Model of PECO

Figure 1 illustrates a lay-

Fig. 1. A layered model for PECO

ered model for PECO. The
following is the four main lay-
ers: a top-level ontology that
constitutes the most general
and formal ontology; a mid-

dle ontology that is applica-
tion-independent for a small
set of domains; an application

ontology that speci�es vocab-
ulary relevant to a particular application; and the most speci�c and light-weight
layer of proposition accretion and resolution.

3.1 Top-level Ontology

A top-level ontology speci�es concepts that are generally true across all domains.
This is the top-most layer of PECO. Examples of top-level ontologies include the
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Cyc [13], Wordnet [14], and SUMO [15]. In our work, we have used OpenCyc, a
subset of Cyc, covering some of the most general notions and relationships.

Building an ontology from or referring to a manually-built generic ontology
has several advantages, including re-usability, interoperability, automatic rea-
soning, and wide acceptance.

3.2 Middle Ontology

In practice, a generic ontology is often too general and too computational ex-
pensive for modelling and reasoning about a relatively small set of concepts. As
a result, a more specialised and domain-speci�c ontology is often more suitable,
especially for real-time reasoning. This ontology can consist a relatively small set
of concepts and relationships that can be crafted from the top-level ontology. We
call this a middle ontology. There are several proposals for such ontologies across
di�erent domains: for example, SOUPA [3] for context modelling in PerCom en-
vironments; GUMO for user modelling for the Semantic Web [16]; and MIBO for
indoor location modelling [5]. In PerCom, this can be the ontology that de�nes
the key concepts about any building, including concepts such as �oor, wing, level
and room and relationships between such as �oor is-part-of building or building
is-a �xed structure.

3.3 Application Ontology

An application ontology contains the application-speci�c vocabulary, which is
more specialised than both the top-level and middle ontologies and often cannot
be re-used [17]. At this layer of PECO, the aim is to construct a base ontol-
ogy by carefully analysing the middle ontology and an authoritative document
source, such as a building plan, which would provide a foundation for populating
application-speci�c concepts and relationships. It is important that this process
can be semi-automated. This makes it easier to ensure that it is more complete
and systematically created so that changes in the PerCom environment can be
readily integrated into the representation over time. One important way to do
this is to exploit existing document sources.

An example of an ontology of this model layer is the SIT ontology described
in [5]. The SIT ontology extends from the MIBO and is generated from the
building maps represented in the Scalable Vector Graphics (SVG) format. The
ontology exists in both a popular ontology language: OWL-Lite, as well as in
a less conventional, but more suitable format for ontological reasoning in the
PerCom environment, PersonisAM models [18].

Note that while the ontology created at this application level is not re-usable
across di�erent contexts, the tools that create it may be. In our case, the ontol-
ogy that we create captures relevant relationships about one speci�c building.
However, the process and code used to create it from the building maps could be
used for any other building for which there is a similar representation in Scalable
Vector Graphics (SVG) format. Similarly, a similar program could be created to

40



operate in conjunction with the building model representation used in the vari-
ous Computer-Aided Design packages that architects use. This means that while
the ontology is highly speci�c, the process for creating it may be re-usable.

3.4 Proposition Accretion and Resolution: Ontology Population

Before describing this layer of PECO model, we brie�y describe the accretion

and resolution (A/R) approach to paint a background. A/R has been designed
for simplicity, �exibility and, critically, for user control and scrutability. It has
two fundamental steps: accreting evidence and resolving a value at the time, and
in the context, that a value is needed. This approach forms the the bottom layer
of the model and can serve as a bedrock for reasoning about personalised and
contextualised information in a PerCom environment.

In PECO the accretion step happens when the propositions found from var-
ious sources are populated onto the base ontology. As each proposition is ex-
tracted, it is simply stored as evidence with a timestamp and a source in the
relevant concept without further interpretation. The proposition may, for exam-
ple, be from a sensor detecting a mobile device (e.g. Bob's mobile phone is at
Room 123), a sta� directory (e.g. Bob has an email address bob@example.com)
or an assertion by a user (e.g. Bob is at Room 123).

Later, when a value is required for a concept in a proposition (e.g. where is
Bob?), the stored evidence is examined and resolved to a value. The resolution
process can be personalised depending on the context of the program or person
requiring the value. This is done by running a customised resolver function.
For example, for someone who usually carries a mobile phone, evidence for the
mobile phone's location is valuable for determining that person's location; but
for a person who often forgets to carry the mobile phone, the evidence would
not be as reliable, and the resolver function may account for that fact. Taking
another example, Bob may only want to release his location information to the
general public at a relatively coarse grain-size, say, at the level of the building.
For this class of person, he may also choose to exclude evidence generated by
their mobile phone. This can be done by using a di�erent resolver function when
releasing Bob's information to the general public.

4 Discussions

The use of the PECO framework is demonstrated in [9]. It demonstrates the
potential of such an ontology in delivering personalised information, as well as
in providing scrutability about personalisation, which is a critical step to build
an acceptable PerCom system. The design of PECO is intended to ensure that
our applications which make use of it could be readily ported to a new building.
If, for example, our School were to move to a new building, we should be able to
directly re-use the MIBO. In addition, if we had access to similar SVG maps, we
should be easily able to automatically create the application ontology for that
new building. Some of the documents and resources we use to populate the A/R
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level would be directly applicable in the new building. In addition, once the other
documents were updated to provide their information for the new building, as
would need to be done, we could rebuild this layer from those documents.

We have outlined the four-level conceptualisation of PECO for reasoning
in PerCom environments. We have described the motivation for de�ning each of
these layers and discussed the re-usability at each level. Our work is distinguished
by our particular concern for scrutability and support for control over privacy,
a particularly important issue for PerCom.
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