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Abstract. This paper describes how a personalised educational game architecture has
been used in conjunction with Web services to provide remote access to the system.
The educational game is a Virtual Reality adventure game that performs affective user
modelling by measuring emotional characteristics of users. Virtual Reality (VR)
games are so popular among children and adolescents that can be used for the purposes
of educational software to render it more attractive and motivating. The benefits of
such an application can be maximised if it is available over the Web. Software applications that operate over the Web are targeted to a wide range of users. Hence they need
a high degree of adaptivity and dynamic individualisation to each user that interacts
with the application. This should include the students’ emotional state that affects their
learning. However, the environment of a Web-based VR-game that performs user
modelling is so demanding that the technology of Web Services is necessary for its effective operation and interoperability. Moreover, reusability may be achieved for the
user modelling component.
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1 Introduction
Software games are mainly created for entertainment. However, their great popularity
among children and adolescents may also be exploited for the purpose of education. Papert
[36] notes that software games teach children that some forms of learning are fast-paced,
immensely compelling and rewarding whereas by comparison, school strikes many young
people as slow and boring. As a result, many researchers have developed games for educational purposes (e.g. [4], [13], and [26]). Most of these software games operate as standalone
applications, which do not operate over the Web. On the other hand, the effects of educational
games could be maximised if they were available over the Web. In such a case, educational
games would be widely available for students to use them from school at school-time or home
at their leisure time and learn while being amused. Indeed, the benefits of the Web for educational software are indisputable, since it renders tutoring systems accessible by anyone, at any
time, from any place. Thus, during the last decade, a lot of research effort has been put in
Web-based education (e.g. [2], [29], [33]).
In the case of Web-based education, software applications are targeted to a wide audience
of students of various backgrounds and needs. Thus, the need for personalisation of the software is vital. To this end, it is very appropriate to use the technology of Intelligent Tutoring

Systems (ITSs), which are computer-based systems that aim primarily at adapting dynamically to the needs of individual students. ITSs provide individualised instruction by maintaining detailed models of their students [21]. Student modelling is of primary importance in ITSs
as has been acknowledged by many ITS researchers (e.g. [14], [28] and [32]).
However, one aspect of students that plays an important role in each student’s learning and
has been overlooked so far is affect. How people feel has been argued to be of great importance during their cognitive processes [19]. Indeed, the existence of affective information in
the students’ models improves the intelligent tutoring system, by allowing it to provide more
adequate help for the student [44]. Especially for the case of Web-based educational software
that aims at being used by students without the physical presence of a human instructor, ITSs
have to incorporate as many affective features as possible. This should be done to compensate
for the emotional human-human interaction between human teachers and students that is missing from the asynchronous Web-based instruction. In the case of a Web-based ITS that operates as a VR adventure game, student-players are bound to experience many different emotions while the plot of the game is taking place in parallel with the presentation of lessons and
assessment of students’ knowledge.
A quite recent review [8] has shown that all well-known technologies from the areas of
ITS have already been re-implemented for the Web. Usually, in Web-based ITSs, information
about the learner is no longer stored locally on each learner’s computer but in a central repository that can be accessed by any client of the application that requests it. This is usually implemented by using client-server architectures.
However, so far, there have not been Web-based ITSs that operate as virtual reality educational games. Such applications are quite demanding and need special emphasis on design
issues to be able to operate through the Web. Moreover, developing new Web-based educational systems still starts from scratch. Therefore development of Web-based ITSs requires
enormous time and effort. This problem is partly due to the fact that there are very few educational components available on the Web that can be shared and reused [50]. Thus, there exists
a need for a standard mechanism that supports all aspects of the web based learning process.
This includes finding suitable learning components or learning management services, getting
information about their services and invoking their services. It is also wise to separate learning objects from the educational applications [50]. By doing this, new Web based educational
systems can use previously created learning objects and achieve knowledge sharing and reducing the heterogeneity of Web based distributed systems [41], [52].
A solution to the above problems may be given by the technology of Web services. As
Chen [50] points out, using Web Services for the educational components can increase the
interoperability and reusability of a Web-based educational system, and can greatly reduce the
time and effort spent on building it. In this way the development of such applications becomes
less tedious and more efficient.
In view of the above, this paper describes and discusses the use of Web services for the development of a virtual reality educational game that can operate as a Web-based ITS. The
educational game that has been developed for the purposes of our research is called VIRGE.
VIRGE works as an adventure VR-game but it has educational content as well and supports
personalised learning based on a student modelling component. The student modelling component focuses on perceiving the users’ cognitive and emotional state while they play the
educational VR-game and while they answer questions concerning the lessons taught. Affective and cognitive user modelling is achieved by combining evidence from students’ errors

and from detectable user behaviour characteristics. In this way the system can dynamically
generate personalised advice based on the student’s affective and cognitive needs.
The fact that the gaming environment that cooperates with the underlying reasoning
mechanisms of the ITS is very demanding and needs special attention for its efficient implementation over the Web, has rendered the technology of Web services necessary. Moreover,
the use of Web Services allows the student modelling component to be accessible to other
educational applications. An earlier preliminary version of VIRGE has been briefly described
in [47].

2 Related work

2.1 Web services
Recently, the technology of Web services has attracted a lot of attention within the computer research and industrial community. The concept of Web services is widely considered as
one of the next steps in the evolution of application integration among other steps such as,
recent developments in the fields of software architecture, design and architectural patterns
and component-based engineering.
Web services can be defined as self-contained, self-describing, modular applications, generally independent, that can be published, discovered and invoked across the Internet or an
institution intranet [38]. A Web service is a collection of functions that operate as a single
entity and are published to the network for use by other programs. Web services are building
blocks for creating open distributed systems [24], [15]. There is another, somewhat broader,
view of Web services in which anything available over the network, with some associated
description of its functional aspects, is considered a Web service.
The main purpose of Web services is to allow services to work together seamlessly because
they are developed using the same standards for self-description, publication, location, communication, invocation, and data exchange capabilities [39]. Thus, by using Internet protocols, such as HTTP (HyperText Transfer Protocol) and XML technology, Web services contribute to the interoperability of the components on different platforms and are implemented in
different programming languages. The components use SOAP (Simple Object Access Protocol) [7] as a message-based communication protocol to talk to each other. WSDL (Web Service Description Language) [11] is used to define and describe the interfaces of the components. UDDI (Universal Description, Discovery and Integration) [43] is used for service discovery and integration. All of these specifications are W3C (World Wide Web Consortium)
[20] standards and are widely supported by industrial companies, such as IBM [23], Microsoft
[30], BEA and others. The development and deployment complexity are greatly reduced. In
simple terms, Web services are basically designed to allow loose coupling between client and
server, and they do not require clients to use a specific platform or language. For these reasons among others, these services are becoming very popular. Today, the majority of software
companies are implementing tools based on these new standards [23], [30]. Their use in many
different kinds of applications is increasing rapidly.

Additionally to the interoperability, one important advantage of Web Services is the potential reusability of components. The technologies chosen for Web services are inherently neutral to compatibility issues that exist between programming languages, middleware solutions,
and operating platforms. As a result, applications using Web services can dynamically locate
and use necessary functionality, whether available locally or from across the Internet. As
Tsalgatidou and Pilioura [42] point out, the Web Service paradigm motivates developers to
build applications by locating and using existing Web Services rather than building the required functionality from scratch. Also, as Ciganek, Haines and Haseman [12] point out, key
benefits that are frequently associated with Web services are that they offer easier and cheaper
connectivity, and can be leveraged to create a more flexible IT infrastructure, and possibly
generate new revenue streams.
However, these benefits of Web Services are not by default available to applications if
these applications are not designed appropriately. Web Services provide the technology to be
used by application developers and thus it is the application developers’ problem to create
applications that make use of the features of this technology. This is not trivial, especially in
cases of complex applications such as Intelligent Tutoring Systems that operate as virtual
reality games over the Internet.

2.2 Web services for Web based education
One important application area that may benefit from the advantages of the technology of
Web Services is the field of education, where there exist very demanding applications such as
ITSs with individualised user models that have to be transferred over the Web. So far, most of
the implementations of ITSs over the Web that have been described in the literature were not
based on Web services. For example, a method used for the deployment of an ITS over the
Web [2] was to take all the parts of the client program and provide them through the Internet,
in the form of an applet running on a web page. In that way, the client-server program worked
by having the client as Web pages on the Internet and the server located at the Web server
where the Web pages existed. The server was receiving information from the applet of the
Web page. Examples of other intelligent learning environments that are based on client-server
architectures but did not use Web services are WITS [33] and ILESA [29].
The kind of architecture described above has many advantages due to the fact that the client runs on a web browser and is not installed on its client machine. However, some tutoring
systems like VIRGE are too demanding on resources to be implemented in this kind of architecture. The 3D environment of VIRGE in which the students can play and learn renders the
application very attractive but at the same time requires a lot of memory and CPU usage. This
is certainly expected if one takes into consideration the requirements of most of the commercial games. Thus, the virtual game was too heavy to work through Web pages and would take
over 15 minutes just to load each of the Web pages. Navigating through the virtual worlds
would not be possible.
One additional limitation of educational applications over the Internet that have been developed so far is that reusability of functionalities has not been achieved by any of the previous Web-technologies that were used in Web-based education. For example, Mizoguchi and
his colleagues [31] enumerate many drawbacks of current intelligent Web-based educational
systems. One of these drawbacks is that building educational systems requires a lot of work

because it is always built from scratch and that it is not easy to specify functionalities of components in educational systems. Devedzic [17] as well, discussed the limitations of current
Web based educational applications and proposed possible solutions. He pointed out that the
next-generation Web-based applications should pay more attention to knowledge sharing
issues and standardisation efforts in Web development. However, there was not any running
educational application introduced in that paper. Current limitations of Web-based tutoring
systems have led many other researchers as well to propose preliminary solutions for Web
based applications that make use of Web Services. For example, Wen and Jesshope [51] have
proposed a Web Service management architecture and a model for constructing decentralised
Virtual Learning Environments. However, their approach has not yet been implemented.
Similarly, Xu, Yin and Saddik [52] have proposed a flexible integration model for dynamic elearning systems where all the learning components and applications are defined and loosely
connected using Web Services. However, their model too has not been implemented yet.
As it appears from current research in the area of Web-based educational applications, the
benefits of Web Services seem very promising to researchers. As a result, there have already
been preliminary proposals on how Web Services can be used effectively in Web-based applications but there have not yet been many implementations that show clearly what an educational Web-based architecture can be in an actual running system.
In view of the above, in this paper, we give an educational architecture that is based on
Web Services for a demanding running application that uses a Virtual Reality gaming environment and performs user modelling. Our architecture and the allocation of the components
of VIRGE have been fully implemented and show how this system can operate effectively
over the Web using Web Services. By separating the student modelling and educational components, in the form of Web services, from the other parts of the ITS we can have these components work through the Internet while the other parts of the application are installed locally.
Furthermore, these modelling components constitute the essential part of the reasoning of an
ITS and might be reused by other educational applications. In this way, Web service implementations of ITSs can contribute to the reusability of their key functionalities if they are
designed appropriately.
2.3 ITSs and affective computing
The latest scientific findings indicate that emotions play an essential role in decisionmaking, perception and learning. They influence the very mechanisms of rational thinking.
According to Picard [37], if we want computers to be genuinely intelligent and to interact
naturally with us, we must give computers the ability to recognise, understand, and even to
have and express emotions.
To support this need of educational games in VIRGE, there are agents that, as part of game
playing, generate tailored interventions aimed at stimulating the student to learn from the
game. The interventions are based on information that has been silently collected about the
users’ current emotional and cognitive state. The interventions are kept to the minimum at the
occasions when the system judges it is necesserary to intervene. This is done to avoid too
much interference while users are playing the game.
Toward this direction, we have devised a mechanism for the automatic collection of probabilistic information of student affective states that the agents of VIRGE can use. This infor-

mation is used in conjunction with information on student answers’ results, to generate interventions that improve learning without compromising engagement. The affective information
includes many characteristics of each student’s behaviour and possible emotional state, and
can provide useful guidance to the agents’ provision of help and advice.
Our main objective is to find out when a characteristic of a student’s behaviour is out of its
usual range. Something like that would either have positive or negative consequences. That is
because the sum of such negative or positive evidence can lead to the underlying emotional
states of the student. For the purpose of implementing such an environment we are using parts
of the Ortony, Clore and Collins (OCC) cognitive theory of emotions [35]; a brief description
of the OCC theory can be found in the Appendix of this paper. This theory is based on grouping emotions by their eliciting conditions: reactions to events and their consequences, reactions to agents and their actions, and reactions to objects. The authors of OCC believe that
cooperative problem-solving systems must be able to reason about emotions and they provide
suggestions for rendering computational implementation easier.
In this paper, we are mostly interested in the reactions to events and the group of emotions
that may be inferred. We are focusing on the part of the OCC cognitive theory of emotions
that suggests computational methods about measuring the intensity of an emotion. Our aim is
to find out the occurrence and intensity of possible experienced emotions in our application,
by measuring the value of their intensity variables just like the OCC theory suggests. What we
are doing is: First, we define some behavioural characteristics of the students that are the
intensity variables of their affective states, and can reveal the student’s affective state. Secondly, we calculate the intensity values of these characteristics. Finally by using the OCC
theory we try to estimate the emotional significance of these values.
Affective user modelling is a rather new research area, therefore only a few computational
modes of user affect have been devised to date. A model that uses fuzzy rules to assess anxiety in combat pilots is described in [22]. Due to the specificity of the modelling task, the
model does not need to deal with the high level of uncertainty involved in modelling affect in
less constraining interactions, like those generated by educational games. There are other
educational applications that are based on the OCC theory and are discussed in [1], [13], and
[18]. More specifically, the model of Conati and Zhou [13] relies on a Dynamic Decision
Network (DDN) to probabilistically integrate information on both the possible causes of affective reaction and its observable effects. It does so by representing how game events relate
to the students’ goals, and is trying to find possible affective states that depend on the satisfaction or not of these goals. The overall goal of [1] is to create a framework that allows the user
to define the characteristics that the emotions agents can display for a given interaction. In
addition they define how these characteristics affect their actions, and hence the interactions.
However, unlike our research, none of the above applications refers to virtual reality games,
which typically provoke a wealth of emotions to users.

3 Operation of the virtual reality game
The virtual reality game that we have developed, is an ITS for teaching English orthography and grammatical rules. This ITS-game is called VIRGE (Virtual Reality Game for English). In particular, VIRGE integrates the VR-game with the reasoning of an ITS. Students

have the opportunity to play a 3D game, similar to the commercial ones, which enables them
to learn while playing.
More specifically, VIRGE has features that are quite common in virtual reality adventure
games [25]. Such features include dungeons, dragons, castles, keys etc. The difference of
VIRGE, which is an educational game, is that one must fight one’s way through by using
one’s knowledge. In VIRGE, the student-player tries to reach the “land of knowledge” and
find the treasure, which is hidden there. However, to achieve this, the player has to obtain a
good score, which is accumulated while the player navigates through the virtual world and
answers questions concerning English spelling.
VIRGE constructs a student-model for each individual student by taking into account the
history of answers of students. VIRGE also monitors closely the actions of students while
they play the game, and it updates the individual student models. As a result, it generates
individualised instruction and advice for students based on their student models. The student
characteristics that are being modelled concern the knowledge level of students (answers’
results - errors) as well as their behaviour while they play and learn (users’ actions/ characteristics), which can be connected to their emotions.
Agents have been quite successful at observing users’ behaviour and, therefore, they have
been widely used in learning environments in order to capture the users’ characteristics and
perform user-modelling tasks [6], [34] and [46]. Software agents play an important role in
human-computer interaction and in the coordination of the internal processes of the system
[5]. VIRGE is based on a multi-agent architecture. There exist three types of agents. The first
type of agent is the user interface agent. User interface agents are the animated agents that
interact with the user. The two other types of agents are not visible to the user. The second
type of agent is the speech synthesising agent of the game. Finally, the third type of agent is
the student modeller agent, which is responsible for forming and updating the long term student-model, which consists of cognitive and behavioural characteristics of the student. Among
those agents, the student modelling agent is an intelligent agent that uses reasoning mechanisms to make inferences about students. The rest of the agents are software components that
interoperate.
More specifically the animated agents are visible to the user and are responsible for asking
questions, forming and giving advice and interacting with the student-players. There are three
different animated agents, the guard of a passage, the advisor and the student’s companion.
Guards of passages ask questions to players in order to let them continue their way into the
passage and receive more points for their total score. Animated agents, who act as advisors,
lead the student to lessons that s/he has to read or repeat, and make some general remarks
about the student’s behavioural characteristics. Finally, companions are responsible for showing empathy to the students and helping them when they make mistakes. Moreover, they help
the students in managing their emotions while they play and answer questions.
The speech synthesising agent is responsible for giving voice to the animated agents described above. The student modeller passes information about the student to the advisor and
the companion agents so that they may give proper and individualised advice to each student.
From the above five agents in total, of three different types , only one of them is responsible for interacting with the Web. That is the student modeller agent. This works through the
Internet and either updates the model of the student that is kept on the Web server, or provides
the advisor and companion agents with useful information.

The architecture of the multi agent part of the system is illustrated in Figure 1. In this figure, each of the five agents is illustrated in an ellipsis. Their functions are shaped in rectangles. The student interacts with the guard agent who poses the questions, using the speech
synthesising agent. The student’s answers’ characteristics and results are taken to the student
modeller agent, which updates the student model at the Web server. The student modeller
provides the advisor and companion agent with the information presented to the student.

Figure 1: Multi agent system architecture.
More specifically, the animated agent who acts as a guard of a passage is a dragon that appears outside every door in the virtual worlds of the game, as illustrated in Figure 2. This
animated agent is responsible for posing questions to students about the domain being taught.
Every time a student comes across this particular agent then the guard agent randomly retrieves a question from the domain knowledge data and poses it to the student. The student
gives an answer in the appropriate dialog box. If the answer is correct then the door opens and
the student is allowed to continue his/her navigation. Otherwise the student can try again, or
just accept his/her mistake, see the correct answer and move on. The student modeller performs error diagnosis and affect evaluation every time there is an interaction of the student
with the guard agent and updates the student model.
The questions posed to the student constitute tests relating to the factual knowledge of the
domain. Tests are part of the domain data and consist of questions about the English grammar
of the following types:

1.
2.
3.

Spelling questions.
Plural form of nouns.
Comparative and superlative form of adjectives.

Figure 2: The virtual guard agent.

The animated agent who acts as a virtual companion has the form of an elf (Figure 3). It
appears in cases when the student has repeatedly made the same kind of domain mistake while
answering to the dragon. Such cases imply that the student has a persistent misconception
about a part of the domain being taught. Also the virtual companion appears in cases when the
student has given an answer, either correct or wrong, and the student’s behaviour before or
after giving the answer is different from his/hers usual behaviour. Such cases may imply that
the student may be experiencing an emotion, which is not typical of him/her, and the companion provides affect advice. The companion agent obtains all relevant information about the
student from the student modeller agent.
For example, supposedly a student has made an error in a question concerning the plural
form of nouns, and specifically the rule concerning the nouns that end in “-f”. Such nouns
have their plural formed by converting the “-f” to “-ves” (e.g. calf-calves, knife-knives). Then
the student modeller checks the recent previous questions asked concerning the same rule, that
are located at the long term student model, and examines whether the student has given wrong
answers in those too. If this is so then the student modeller informs the companion agent,
which creates advice about the specific error and provides it to the student. As a result, the

virtual companion appears, and gives advice in a casual way as if a friend was talking to the
student.
There are times that the student is prompted to comment on these remarks. The existence
of the virtual companion has been considered quite important by many researchers for the
purpose of improving the educational benefit of tutoring systems and promoting the student’s
sense of collaboration. Figure 3 illustrates a screenshot of the game where a window with the
virtual companion (elf) agent has opened to give advice to the student.

Figure 3: The virtual companion agent.
The virtual advisor agent is located at places, which are important for the plot of the virtual reality adventure game. Every time a student comes across an advisor agent s/he is free to
use it. The virtual advisor agent, who has the form of a female angel, provides the student
with important information about new parts of the theory that s/he has to read, or about parts
of the theory that s/he appears not to know well and s/he has to repeat. In addition, virtual
advisors are responsible for making some general remarks to the students about their observable behavioural characteristics while using the game, and giving advice to the students about
avoiding problematic situations.
Similarly to the companion agent, the advisor agent also obtains information from the student modeller agent. When an advisor agent is activated from a student then the student modeller agent acquires data from the long-term student model, and generates information about
the student’s most common error types, and the student’s possible problematic behavioural
characteristics. Then the student modeller grants this information to the advisor agent, which

generates advice about the domain theory and the behavioural actions of the student. For example if the student modeller has diagnosed many mistakes concerning a rule about the plural
form of nouns the advisor would advise the student to repeat the theory of the specific rule.
Also if the student has been repeatedly observed to wander around the worlds of the game
without answering questions and moving on, the advisor agent would advise the student to be
more concentrated and try to finish the test. The virtual advisor agent is illustrated in Figure 4.

Figure 4: The virtual advisor agent.
The kind of advice offered by the advisor and companion agents to the student, usually
have common parts but there exists a basic difference between them. The virtual companion is
self-triggered, and gives advice about a specific answer, either about the existence of a repeated mistake in the case of a wrong answer, or about the experience of a possible affective
state derived from the student behaviour before or after the answer to the question. On the
other hand, the virtual advisor has to be triggered by the student like a help file, and it provides general remarks about theory parts that have to be repeated and about the user’s behavioural characteristics. These remarks concern the whole session that the student is using the
educational application and not a specific answer. The existence of both the virtual companion and advisor is very important, because the game itself may motivate students but it may
also cause disappointment and frustration each time a student does not perform as well as s/he
would like or expect. Moreover, the testing process where students have to answer questions
may cause them anxiety (as exams always do) and thus they may perform worse than they
could, if they let their anxiety take over them.

It is very important that the animated agents may be able to speak to the students. In most
of the commercial games there are sound effects that a player hears during the game. However, the effect that makes games more human-like is that of the agents of the game speaking
to the player. This feature gives the player a feeling of interplay with the agents, something
like the player having a companion in his/her journey. This feature provides a great asset to
the educational game, because the students do not become bored easily.
All three animated agents of the virtual game, the Guard, the Companion and the Advisor
Agent send their results to the Speech-Synthesising Agent. The Speech-Synthesising Agent is
responsible for giving voice to the animated agents in order to make the interaction more
natural and enjoyable. The particular agent does not contain any further reasoning mechanisms. So each particular animated agent speaks with a specific voice. Such characters provide an entertaining and emotional function, which may help novice learners of computer
applications to become more easily familiar with them [46]. In addition, such characters improve the effectiveness of the system by engaging and motivating learners [27].
As we have mentioned the student modeller agent is responsible for forming and updating
the long-term user model located on the Web server. When a question posed by the guard
agent is being answered the student modeller agent reasons about the results (correct, wrong,
error type) of the answer, and any other user’s actions and characteristics that might have
taken place before or after giving the answer. Such actions include the speed by which the
student has typed the answer, keyboard actions, mouse movements etc. The results of the
reasoning are used to form and update the student model. After that, the student modeller
agent acquires data from the student model, which in combination with the results of the specific answer are used to provide information to the companion agent either for a repeated
mistake or an experienced affective state. When an advisor agent is activated from a student
then the student modeller agent acquires data from the long-term student model, and generates
information about the student’s most common error types, and the student’s possible problematic behavioural characteristics.
Examples about error diagnosis and actions analysis, were given in the description of the
companion and advisor agents, that use the student modeller. Detailed information about affective student modelling will be given in the last section of the paper.

4 System’s architecture over the Web

4.1 The Web-based architecture and examples
The Web-based architecture of VIRGE is implemented as illustrated in Figure 5. The student modeller is installed on each client and interacts through the Internet with the Web server
(at the other end of the architecture). The Web services that are known both to the client and
the server exist in WSDL (Web Service Description Language) documents. The way that the
student modeller of the client communicates with the Web server is by calling a Web service
using its WSDL description. In order to call the service it sends a SOAP (Simple Object Access Protocol) message containing the WSDL description and the XML metadata of the service. In our case, the UDDI (Universal Description, Discovery and Integration) registry is the

Internet Information Server (IIS) of the Web server and is responsible for publishing the interface of the Web service in order to be known both to the client and the server. The UDDI gets
the SOAP message, translates it, discovers the specific service of the Web server that is registered on it, and prompts the Web server to execute it. After the execution of the service, if
necessary, the Web server sends a corresponding SOAP message, through the IIS, to the client containing the results of the function.

Figure 5: The Web based architecture.
More specifically, the Web services are registered on the Internet Information Server (IIS)
of the main computer of the teacher’s computer. The services are implemented on the main
computer in a server program that can be another executable application (.EXE) or even a
DLL (Dynamic Link Library). The virtual game is installed in various computers of the computer lab that are the clients. Each of these clients uses the client server architecture above to
perform the tasks that they are responsible for.
One such task is the addition of a student’s answer from the student modeller to the database, which is located at the main computer. The characteristics of the student’s answer (e.g.
whether it was correct, what kind of mistake occurred, what actions took place before or after
the answer) are also stored in the database along with the answer. Other tasks include questions regarding the information that exists in the database that keeps the student model. For
example the companion agent frequently asks the student modeller about which specific rule
of the domain knowledge the student is frequently making mistakes on, as to provide help for
the student.

An example of the operation of the above architecture of the system is the following. Every
client, located in each student’s computer can add an answer of that student to the database
located at the main computer. Thus the client calls the specific Web service using its interface
described in the respective WSDL document, by sending a SOAP message to the Web server
through the Web server’s IIS. Every call provides the Web service with the declaration and
some variables, which contain the information about the student’s answer. The Web server
executes the service by using the server program (.DLL in our example) that implements this
interface and store the answer to the database.
4.2 Technical discussion of the use of the architecture.
To create the 3D environment of the educational game, we have used the Virtual Reality
Modelling Language (VRML) [3]. VRML was originally designed to allow 3D worlds to be
delivered over the World Wide Web. Using a VRML browser the user can explore this world,
zooming in and out, moving around and interacting with the virtual environment. This allows
fairly complex 3D graphics to be transmitted across networks without the very high bandwidth that would be necessary if the files were transmitted as standard graphic files. VRML
can also include multimedia elements, such as texture images, video and sounds.
In the past years, some researchers have used VRML language for creating simple educational applications that work through the Internet ([49], [10]). In these cases the clients of the
educational applications included the virtual worlds of the applications because they were not
so complex as the worlds of a virtual game. As a consequence, they could be displayed
through an Internet browser. A VRML world is made up of lots of simple shapes, such as
cones and spheres, grouped together to form objects. The more shapes in the file, the more
detailed the world, but at a cost of increasing the file size and the time taken by the browser to
display the world.
In our application there exist complex graphical objects that consist of hundreds of simple
shapes. Thus, it is made clear that a virtual reality game like our educational application,
which has numerous objects inside its virtual worlds that are highly detailed, would take too
much time to load and run on a web browser. Additionally, we cannot decrease the detail of
our virtual worlds or try to make them smaller in order to create thinner virtual scenes, because then there will not exist a virtual game for educational purposes, that aims at the motivation of the students by simulating the commercial games.
As a result, taking all the parts of the client program, including the VRML virtual worlds,
and providing them through the Internet was not an option for the case of VIRGE. Thus, what
was best was to have the client installed at each student’s computer, and by some way to make
the student modelling component, which is the student modeller agent, communicate with the
server at the teacher’s computer through the Internet. The server would store affective and
cognitive information about the detailed student models. To achieve this goal we are using
Web services.
Our aim was to have all services that would concern functions and methods of the student
modelling component to be implemented at the server as Web services so that the clients
would be able to call them through the Internet. Web services are interfaces that describe a
collection of operations that are network-accessible through standardised XML messaging.
The Service interface description contains information such as the operations of the service,

the input and output parameters of the operations, the protocol, data format, security and other
attributes and is written in a WSDL document. The WSDL document contains sufficient information to describe to the service requestor (client) how to invoke and interact with the Web
Service. Nothing is implemented in the interface part of the service. The service provider
(Web server), which is also aware of the interface of the service, when receiving such form of
request from the student modelling agent located on the client, uses the implementation of the
service to execute it.
After the service description has been defined, it is published. The service provider first
registers its service in a registry server like the UDDI, in our case the IIS, in which service
providers and service requesters can publish and find learning services respectively. Once the
service provider has published the service description, service requesters are able to find and
invoke it. After a service description is acquired, the service requester uses the service description to generate SOAP requests. The WSDL document and XML metadata of the services are wrapped in a SOAP message that will be sent over HTTP to the UDDI.

5 Affective student modelling
The game itself may motivate students but it may also cause disappointment and frustration
each time a student does not perform as well as s/he would like. Moreover, the testing process
where students have to answer questions may cause them anxiety (as exams always do) and
thus they may perform worse than they could, if they let their anxiety take over them. On the
other hand there are students that may be quite confident and efficient in which case they may
only need affective help when they face exceptionally disappointing situations for them (e.g.
when they do not remember something correctly and they are not allowed to continue the
game).
5.1 Evidence and inferences
For the purposes of finding out which aspects of the students’ emotional state in relation to
their performance in the educational game could be modelled, we conducted an empirical
study. In this study, computer logging was used to record students’ actions while they interacted with the application in a similar way as in [45] and [16] so that they could be analysed
by human experts. [45] and [16] describe empirical studies in which human tutors are asked to
infer issues about a user’s cognitive and motivational state respectively. In both of these empirical studies, the only information that was given to human experts was the pre-recorded
screen interaction of a user with the respective systems.
Indeed, through computer logging the system may continuously collect objective data for
further analysis and interpretation without interfering with users during their interactions with
the system [9]. In the case of VIRGE, the collected user protocols were passed on to 5 human
experts, teachers with experience in pedagogic matters for many years, who were asked to
observe students’ actions while they played the game and to note down what the students
were likely to have felt. As a result, the experts had distinguished between different characters
of students and assessed their emotions in relation to the students’ characters and correctness
of their knowledge.

Taking into account the results of the empirical study, the educational game uses as evidence on students’ characters and emotions several actions that relate to typing and mouse
movements. Time has played a very important role in our measurements. There are many
inferences that can be drawn for the students’ feelings and reactions depending on the time
they spend before and after making some actions. Some examples of inferences based on
observations on time spent for various activities are the following:
•
The time that it takes to the student to answer a question. This measures the degree
of speed of the student.
•
Pausing time after a system’s response. The time the computer is left idle after a response to the student is used to measure the degree of surprise that the response may
have caused to the student.
In addition, certain patterns of actions are used to show aspects of the students’ cognitive
and emotional state. Some examples of students’ actions that are used as evidence are the
following:
•
The number of times that a student presses the “backspace” and “delete” button
while forming an answer. This evidence is used to measure the degree of certainty of
the student concerning a particular answer; the more times the student presses “backspace” and “delete” the less certain s/he is about the answer.
•
Mouse movements without any obvious intent in the virtual reality space of the game.
This evidence is mainly connected to the degree of concentration or frustration or intimidation of the student; the more mouse movements without any obvious intent, the
less concentrated or the more frustrated or intimidated the student is. The exact interpretation depends on the context. For example if the mouse movement without any
obvious intent occurs some time after the student has been asked a question then it
shows frustration since the student does not probably know how to answer.
In some cases, inferences are drawn from the combination of two different categories of
evidence. For example, the degree of confidence is calculated as the mean value of the degree
of speed and the degree of certainty of a student.
The above kind of evidence based on a student’s actions is combined with evidence on the
student’s degree and quality of knowledge of the parts of the lessons that are examined during
the game. Therefore for each question asked, the system examines the correctness of the
student’s answer and if the answer is incorrect it performs error diagnosis. The system also
tries to estimate the severity of an error (i.e. whether it was an accidental slip or whether it
was due to a persistent misconception).
Examples of some rules that show such kind of combination are the following:
•
If a student repeatedly answers questions with a high degree of speed and s/he produces a high degree of incorrectness then this may show anxiety.
•
If a student repeatedly shows a high degree of confidence irrespective of correctness
of his/her answers then this may show determination (the student does not give up).
All kinds of evidence are used by the system to adapt its interaction with the user. Moreover a user may see a report of the inferences drawn by the system. This report is used to
show the user a more personal interaction since the system tries to know him/her better. An
example of such a report is illustrated in Figure 6.

Figure 6: A report of inferences drawn by the system.

In such a report there are mentioned some observations and suggestions of the system.
There exists information about the correct, the wrong answers of the student and the categories of his mistakes. For example if the student answers very quickly the questions there
should be a message like “At times you seem to be in hurry, take your time while answering”.
5.2 Discussing the adaptation of the OCC theory
As we have mentioned above there are some characteristics of the student game players
that are observed and recorded during their interaction with the game. It is our aim to know
when the existence of some of these characteristics results in the student’s experience of a
good or bad mood. Thus, we have adapted the OCC theory of emotions into the VR-game in
order to obtain a measure for the significance of each of these characteristics. The significance
of each of these characteristics allows the system to know its importance each time it is measured.
To be more specific, as we have already mentioned, the system tries to give to each independent student advice tailored to his or her needs. By summing evidence and inferences for
some of the players’ characteristics the system tries to make some remarks and provide useful
information. What we seek is to know when a remark is really worthy for the system to trigger
a reaction. Thus, for every characteristic of each student there is a significant value that if it is
exceeded the system can assume that it has a value worthy of being seriously taken into account. In such cases the system should generate advice. For example if a student shows hesita-

tion by pressing the delete and backspace key many times, it is very useful to know if this
behaviour is typical of this student in all of his or her interactions or whether it has occurred
to a great extend in the current interaction.
The OCC theory of emotions provides a way for finding out if an emotion has really occurred to an individual. Then, if an emotion has really occurred, the OCC theory provides a
way for measuring its intensity. For these purposes, the theory requires the specification of a
“threshold” value for each emotion, which is considered as a significant value. If the potential
of an emotion is lower than the threshold value then the individual does not experience the
emotion. Otherwise the intensity of the emotion experienced is the difference between the
potential of the emotion and the threshold value. For example in order to determine when a
joy emotion has occurred the OCC theory suggests:
IF (JOY-POTENTIAL) > (JOY-THRESHOLD) THEN
SET (JOY-INTENSITY) = (JOY-POTENTIAL) – (JOY-THRESHOLD)
ELSE
SET (JOY-INTENSITY) = 0;

As we have explained above the VR-game tries to interpret evidence about some mood and
character features of the student players. The first thing that we needed to do is to calculate a
threshold value for every characteristic and then find the significance either positive or negative that it has.
During the game the system keep track of characteristics of students by storing information
about each player answers. Hence, we decided that the way we would calculate the threshold
value of each characteristic in a specific moment was to calculate the mean value of this characteristic and add or subtract its standard deviation value. By performing these calculations
we have two threshold values (High & Low) about each characteristic, one upper bound and
one lower bound.
1) T. High = Mean Value + Standard Deviation
2) T. Low = Mean Value - Standard Deviation
So if the value of a characteristic is greater than the T. High value or lower than the T. Low
value the system has a good reason to make some remarks about it. The significance of the
characteristic either positive or negative could result from the value of the following operations.
IF (VALUE) > (T. HIGH) THEN
SET (SIGNIFICANCE) = (VALUE) – (T. HIGH)
ELSE IF (VALUE) < (T. HIGH) THEN
SET (SIGNIFICANCE) = (T. LOW) – (VALUE)
ELSE
SET (SIGNIFICANCE) = 0;

For example as mentioned earlier by watching the student’s mouse moves and keyboard
actions the system makes some assumptions. Also we have accepted a scale from 0 to 1 for
every characteristic in order to classify it for every student’s answer, depending on the mouse
moves and keyboard actions. So if for the characteristic of concentration, which depends on
the mouse movements, the mean value is 0.75 for a student with a standard deviation of 0.12,
then the T. High value would be 0.87 and the T. Low value 0.63. So if the student during his
or her answer had a degree of concentration of 0.45 that according to the above type would

mean a significance value of 0.63-0.45=0.18. The fact that a student is 18% less concentrated than
usual gives the system a good reason to assume that s/he is not concentrated enough or is
having navigation problems. As a result the companion agent should be notified about this
possible affective state, in order to provide appropriate help or advice.
In a similar way the system collects information for all of the characteristics of the student
that have been included in the affective state representation. This information might either be
positive or negative but either way can give evidence for the system to provide more detailed
assistance. This information in conjunction with the learning model of the student that keeps
track of his or her mistakes and answers is a useful guide for the advice model incorporated in
the game.

6 Evaluation
The user modelling aspect and the web-based operation of VIRGE was evaluated by 50
students of 11-12 years of an elementary school. The students were given two versions of the
educational game to work with. One version was VIRGE as has been described above
whereas the other version was a similar educational VR game that did not have any user modelling aspect. Thus, it was not personalised and did not have a student modelling component
that operated through the Web. After all the children had used VIRGE and the nonpersonalised educational game application for 2 hours respectively, they were given the
choice to use for a maximum of 1 hour, either of the applications to make revisions on the
lessons that they had been taught. Moreover, after they had completed the use of both applications the students were interviewed concerning the likeability and usability of the programs.

6.1 Analysis of observed students’ behaviour
The results during the one-hour of free time in class showed a significant preference of
the student-users for VIRGE in comparison with the non-personalised educational game software. In total, the students spent 54% of their time using VIRGE and 41% of their time using
the non-personalised game application. The reason that the sums of the respective percentages
are not 100% is because there was a small amount of time for some students spent in neither
of the two applications. The total results showed that VIRGE had achieved its aim of being
more attractive and motivating, for the students than the non-personalised educational game
software.
In more detail, the total time in minutes that was available for the students was 50x60
minutes = 3000 minutes. In total, the students used the VIRGE application for 1616 of the
3000 minutes available, while using the non-personalised game application for 1219 minutes.
The statistical analysis, which took place after the 1-hour use of either of the two applications,
concerned the significance of the difference on the time spent in each of the two applications
for all the students. There was a t-test performed to compare the time spent on VIRGE and the
time spent on the non-personalised educational game application.
The null hypothesis, H0, was that there was no difference between the time spent for each
of the two applications. The research hypothesis, H1, was that there was significant difference

between the time spent for each of the two applications. The t-value result of 2.12 for all the
students was significantly greater than its critical value of 1.68. This showed that the difference in the time spent by the students, between the two applications was statistically significant. Thus, we can reject hypothesis H0 and accept H1. The time spent on the VIRGE was
significantly greater than the time spent on the non-personalised educational game.
The results of the above t-test are summarised in Table 1. In particular, Table 1 illustrates
the mean value of the differences in the time spent for all the students in using VIRGE and the
non-personalised game application. Additionally it includes the results of the t-test about
significant difference in the time spent between the two applications. These results involve the
standard error of the differences, the T value and the Critical value of the t-test.

Variable

Students
results

VIRGE

Non-personalised educational game application

Mean Value of
minutes played
(0-60)

Mean Value of minutes
played (0-60)

32.32

24.38

T_Value,
Mean of Standard C_Value
Differerror of
ences
Differences
Tv=2.12
7.94
3.74
Cv=1.68

Table 1: Results of the analysis of the students’ time spent either on VIRGE
or the non-personalised educational game application.
In the above t-test, the t-value of the t-test is calculated by performing a t-test for correlated samples for the time spent on each of the applications [48]. The critical value for each ttest is the value taken from Table T for a one-tailed research hypothesis depending on the
sample number. The t-test result shows that there is a statistically significant difference for the
two samples in favour of the time spent using VIRGE for the students. More specifically the t
value (2.12) is significantly greater than the corresponding critical value (1.68).
Therefore the students preferred to play VIRGE that includes cognitive and affective student modelling and provides adequate help and advice for the students, rather than use the
non-personalised educational game application during their free time in class, or to repeat
lessons at the school classroom. Thus, the evaluation result revealed that the students found
useful the personalisation of the system.

6.2 Analysis of students’ answers to interviews concerning the usability and likeability of
the two applications
After the one-hour use of either of the applications to make revisions on the lessons that
the students had been taught, they were interviewed about the two applications used, the
VIRGE educational game and the non-personalised educational game application. These interviews included questions about the usability and the likeability of the two applications.
Among the questions asked during the interviews were the following:

1.
2.
3.
4.
5.
6.
7.

Which one appeared to be more easy to use?
Which one was more interesting or motivating?
Did you find the advice given by VIRGE annoying?
What do you think of the applications as a game?
Would you use it, through the web, at your leisure time from home?
What do you think of learning while playing in class?
Did you have problems using VIRGE through the Web?

Figure 7 illustrates important parts of the interviews information concerning the opinions
of students about which application between VIRGE and the non-personalised educational
game application was more easy to use, interesting or motivating. VIRGE was reported as
more easy to use by 64% of the students. This shows that the interaction with the system
helped most of the students to play the educational game. The 57% of the students selected
VIRGE as to be more motivating and 78% as to be more interesting.
80
60
Non-personalised

40

VIRGE

20
0
% Easy to use

% Motivating

% Interesting

Figure 7: Which one between VIRGE and the non-personalised educational game application
was more easy to use, motivating, interesting.
Concerning the annoyance of the students by VIRGE’s advice, the likeability to learn
while playing VIRGE in class, and the probability of using VIRGE to repeat lessons at home
the students reported the information gathered in figure 8 below. 18% of the students thought
of VIRGE to be annoying when giving advice, this might be due to the fact that the personalisation of a student requires some interaction with the student-user that some times is time
consuming and a bit interrupting. 64% of the students are enthusiastic with the idea of learning in class while playing, and 55% noted that they would use VIRGE during their leisure
time at home.

100
80
60

YES

40

NO

20
0
% Annoyance

% Learn by play

% Use at home

Figure 8: Students’ preferences about VIRGE.

Additionally, almost all the students reported that they did not face any extra difficulties,
on using VIRGE educational application, concerning the fact that its student modelling component worked through the Web. They noted though, that the use of the VIRGE web-based
application was similar to the non-personalised educational application that worked completely locally.

7 Discussion and conclusions
This paper has presented and discussed a Web-based educational virtual reality game that
uses the technology of ITSs. Technically to achieve the availability and efficient maintenance
of the VR-game over the Web we have used the technology of Web services. Moreover, the
Web-based educational game performs affective student modelling. This is done so that the
necessary personalisation is achieved and the distance learning is enriched with emotional
features that would otherwise be missing from the application due to the absence of a human
teacher. Finally, the fact that a VR-game provides an environment for a high degree of generation of users’ emotions is exploited for the adaptation of tutoring to each individual student’s emotions while playing and learning.
The advantage of using Web services is that it renders the application usable in the same
way as the standalone version despite its very high demands on computer resources. Through
Web services we have managed to make this demanding application work over the Internet.
Additionally it is possible to make our student modelling component available through the
Internet for other educational applications and ITSs to use, if we register its Web services to a
UDDI server as to make them accessible to other applications.
As a result, all students may access the ITS-game through the Internet and their human tutors may have access to these students’ progress reports and user models without any problem. The user modelling component of the system exploits evidence from the students’ actions using the keyboard and the mouse that is combined with evidence on the student’s
knowledge of the domain being taught, for drawing inferences for the student’s emotional and
cognitive state while interacting with the educational application. The affective inferences are
drawn using an adaptation of the OCC theory. Then these inferences are used for the generation of the system’s advice for each individual student, taking into account his/her knowledge
state, character and mood. In this way the system achieves a high degree of dynamic personalisation of the tutoring that it provides.
The evaluation of VIRGE in comparison with a non-personalised version of the game revealed that the students found useful the help and advice that is offered by the personalisation
of the system, and preferred the educational application to be provided with it. Moreover, the
interference of the user modeller with the students proved to be tolerable, and the students
were positive to the idea of using VIRGE in class or at home. Additionally, the students did
not face extra difficulties due to the fact that the student modelling component worked
through the Web. These results were very encouraging due to the fact that an educational
game application primarily aims at motivating and entertaining the students. So, students’
disruption or annoyance, and any extra difficulties faced by the students, would constitute
significant drawbacks to our cause.

The architecture that we have presented in this paper, is fully implemented and has been
evaluated by end-users. This is an important step for showing how Web services can be used
by any system to enhance the performance of an Intelligent Tutoring System that operates as a
virtual reality game. However, the benefit of the reusability and knowledge sharing that can
be achieved in other applications has not been fully exploited and evaluated yet. This is due to
the fact that we have not yet developed other applications that may use the Web service components of the current version of VIRGE. It is within our future plans to develop other applications so that we can explore the capabilities of Web services in the reusability and knowledge sharing in the context of personalised virtual reality games in education. The main components that could be reused are the user modeling component and the Virtual Reality game
platforms. The result of this advancement would be a Web services’ user model server and
Virtual Reality game server that may be used by many applications independent of each other.
The personalisation approach that we have shown in this paper makes inferences about the
users’ cognitive and affective state. In this way, we achieve to follow the user’s cognitive and
affective state in the context of the educational game. Both the educational context and the
gaming environment are bound to create feelings to the user depending on how well the user
understands and learns the educational content and how well s/he performs in the game. The
clues that we have used about the user are all implicit, meaning that the user is monitored by
the application while s/he works unobtrusively with the educational game. Thus, the system
monitors the user through the keyboard and mouse input channels that are currently available
in VIRGE. In the near future we plan to add more modalities, such as audio and visual, so that
the inferences drawn about the affective state of users could be made more accurate. For example, if there was visual-facial affect recognition, the system could “see” a user smile with
joy or yawn with boredom and have more complete idea about the user’s affective state. Currently, there is ongoing research about visual-facial affect recognition [40] in parallel with the
work that we have presented. It is within our plans, to integrate the modalities and create a
multi-modal affective user-interface for the VR-game.
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Appendix

A. The OCC cognitive theory of emotions
The OCC (Ortony, Clore, & Collins, 1988) model has established itself as a very popular
model for emotion synthesis. A large number of studies employed the OCC model to generate
emotions for their embodied characters, and lately there are some studies, like our case, that
are using it to model user emotional states. This model specifies 22 emotion categories based
on valenced reactions to situations constructed either as being goals of relevant events, as
standards of actions of accountable agents (including itself), or as attitudes of attractive or
unattractive objects (see Figure 9). It also offers a structure for central intensity variables,
such as the desirability of an event, the praise-worthiness of an action of an agent and the
appealing-ness of an attitude of an object, which determine the intensity of the emotion types.
It contains a sufficient level of complexity and detail to cover most situations that an emotional interface character might have to deal with.
Goal-based emotions: In order to determine the intensities of emotions pertaining to the
success or failure of goals, the OCC model uses several variables depending upon the context
of the situation. Specifically, the variables used depend on whether the event is unconfirmed,
confirmed or disconfirmed, whether the event was anticipated, and whether it happened to the
agent itself or someone else. Under the OCC model, unanticipated confirmed goal successes
and failures for one’s self generate the “Well-Being” emotions category of joy and distress.
Anticipated goal effects for our-self generate the “Prospect-Based” emotions category. In an
unconfirmed state they generate hope and fear. In a confirmed state, hope and fear will turn to
satisfaction or disappointment, respectively, and in the disconfirmed state fear and hope become relief and, for lack of a better term, fears-confirmed. When evaluating how the goals of
others have been affected the “Fortune-Of-Others” emotions category is triggered. Goal successes will generate happy-for or resentment, and goal failures will generate gloating or pity,
depending on whether the agent in question is liked or disliked by the agent experiencing the
emotion.
Standards-based emotions: The degree of judged praiseworthiness or blameworthiness of
the action of an agent is implemented as the result for an effected standard. Standards are

responsible for what the OCC model terms “Attribution” emotions. When responsibility for
an action is attributed to one’s self, pride or shame will result. When attributed to an external
agent, these turn to admiration or reproach.
Attitudes-based emotions: The degree to which an object is considered appealing or unappealing is modeled. Attitudes are responsible for what the OCC model terms “Attraction”
emotions resulting from effects upon preferences. They come only in two varieties under the
OCC model, love and hate.
There are also 4 other emotion types that occur from the combination of the “Well-Being”
and the “Attribution” emotions. The entire schema of the OCC theory is illustrated in Figure
9.

Figure 9: The OCC cognitive theory of emotions model.

