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Foreword
From AIED 1999 in Le Mans we established a tradition of running a Young Researcher Track
during our conferences, the Track continued in AIED 2001 and AIED 2003. The AIED 2005
YRT call for papers reminded that “Usually, PhD students cannot write and submit a paper at
the early stage of their research; however, they can present the main ideas they are currently
developing and implementing and they can benefit from advice and exchanges from senior
researchers from outside their lab. The submitted papers are reviewed by senior researchers.
The accepted papers are presented during sessions that are scheduled during the main
conference, and feedback will be provided during these presentations. Students can also
benefit from participating in the AIED conference, which is a major event for the research
community, they can establish links at the international level with other students working in
the same area and they can prepare themselves to become the AIED researchers of tomorrow.
Several authors selected for previous YRT sessions wrote that they would never have attended
the conference without being accepted for this category of presentation and they would really
have missed something important for them.”

This call was very successful, we received 42 papers and accepted 29. Each paper was
reviewed by at least two members of the YRT committee or additional reviewers, the review
criteria are specific to this track. Due to the high number of submissions to the main
conference and to the Young Researcher Track, we were not able to affect a mentor to each
selected paper in order to help the author to prepare his final version. However, we sent the
reviewers’ names (with reviewers’ permission) to the authors, so that they can contact their
reviewers if they need further comments about the recommendations made in the review.

Each accepted contribution got a “one page summary” in the main conference proceedings
and a “six pages paper” in the present volume. All together, these contributions give a nice
overview of the research topics on which AIED PhD students are currently working. We can
for instance notice a strong interest for modelling affects and affective behaviour, as well as a
continuing interest in supporting collaboration and in designing pedagogical agents.

We would like to thank all the reviewers who provided useful comments despite the tight
schedule of the reviewing process, the special involvement of the YRT committee members
has to be gratefully acknowledged, as well as the contribution of additional reviewers who
were requested for their field of expertise. Our thanks also goes to the other chairs of the
conference for their tireless efforts for scheduling the Young Researchers presentations
despite all the constraints we had to face. Last but not least, we would also like to congratulate
all the authors who made the success of this track and we are looking forward stimulating
presentations and challenging discussions in Amsterdam.

May 2005

Monique Grandbastien
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Abstract. This paper focuses on argumentative diagrams for computer-supported 
collaborative argumentation-based learning. Thirty pairs of students discussed two 
cases on the topic of Genetically Modified Organisms (GMOs) via the computer. 
They communicated via chat. Pairs of students were either asked to collaboratively 
construct a diagram using argumentative labels to describe the boxes in the diagram, 
to construct a diagram using argumentative labels to describe the arrows between the 
boxes, or to collaboratively write a text without using labels. The collaborative 
process of discussing the topic and constructing the representation (diagram or text) 
was analysed on how broad and deep students explore the topic of GMOs. Special 
attention was given to the way students resolve controversy and relate different 
aspects of the topic under discussion. Preliminary results show that students do not 
discuss the labels very often and overall are not more aware of controversies and 
relations in their arguments. They are mostly focused on finishing the diagram or text. 
Further results will be discussed in Amsterdam. 
 
Keywords: computer-supported collaborative learning, argumentative interaction, 
diagrams 

 
 
Introduction 
 
Who could have imagined the enormous impact of the invention of computers on our daily 
lives? For us researchers the use of computers to analyze data, write articles, and  
communicate with fellow researchers cannot be underestimated. Also, for several decades, 
computers have been object of study in educational sciences. 

The learning theory behind the use of computers has changed over the years [1]. 
The first investigations in educational technology started from a behaviorist theory in 
which instruction was programmed to have students acquire formal knowledge, 
researching whether the computer had efficiently led the students to the set learning goals. 
In recent years, focus is put on socially oriented theories of learning, researching how 
students do computer-supported learning.  

This focus on socially oriented theories of learning emphasizes specific points in 
computer-supported learning, such as learning in process and in collaboration. Researchers 
are interested in how learners make meaning together. The interaction or collaboration 
itself is researched to find out what interactions are helpful and what conditions can trigger 
these beneficial interactions [2]. In this paper, we research both of these questions. 
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 First, we investigate the interactions between pairs of students in a computer-
environment. We believe that argumentation is especially useful in learning together, since 
learners have to negotiate different meanings [3]. The argumentative interactions are 
closely investigated to see in what ways students collaboratively broaden and deepen their 
discussion. We return to this topic in section 1. Second, we investigate how students’ 
collaborative argumentation-based learning can be supported with representational tools. 
We hypothesize that the collaborative construction of a representational tool will support 
students’ discussion on controversy existing in the domain under discussion or between the 
collaborative partners. We believe that a focus on relations between arguments, for 
example in specifically labeling these relations, will be especially helpful for relating 
knowledge, thus broadening and deepening the discussion. We return to this topic in 
section 2.  
 
 
1. Argumentative interactions 
 
We start from the premise that processes such as collaboration and argumentation are 
crucial factors in a learning process [4], since they force learners to make their thoughts 
explicit, and listen and react to the other person's ideas. Since most people only have 
knowledge about part of a certain domain, argumentative interaction can help them to 
collaboratively acquire, refine, and restructure knowledge in order to get a broader and 
deeper understanding of the domain [5, 3].  

Research [6,7] showed that students indeed elaborate, argue and change their 
conceptions when negotiating during collaboration on a task, but this kind of research has 
mostly been done in problem-solving environments with a scientific or physical topic. 
Generalising results of this research to more open domains can be problematic [8], because 
the aim of negotiation in these domains is not to find the right answer but to come to a 
better understanding. Learning about open-ended issues is important, because many of the 
problems we are facing in society are open-ended (e.g. war and peace, life and death, 
environment and economics).  

Our research focuses on argumentative interactions in the domain of Genetically 
Modified Organisms (GMOs). GMOs are highly controversial. The debate is very 
complex, including a variety of points of view and social actors in the debate. All views, 
arguments, decisions, facts, emotions, and consequences together make up the “space of 
debate” of the issue. To form an idea on the domain and form an opinion, people have to 
explore this space of debate.   
 Argumentation, especially argumentative interaction, is not easy. Kuhn [10] found 
that when adults are arguing alone it is fairly easy for them to enumerate different 
arguments and counterarguments for an opinion and to give supportive (pseudo)evidence 
for their arguments. However, it is more difficult for them to come up with rebuttals and 
counterarguments for their supportive arguments and evidence. In short, people can think 
about different subtopics, but it is difficult for them to handle controversy in these 
subtopics. We call the different subtopics in a domain the breadth of the domain, and the 
exploration of these (sub)topics the depth of the domain.  

Kuhn´s later research focused on argumentative skills of young adolescents in 
dialogue [11]. It appeared that despite of having an argumentative partner it is still difficult 
for students aged 16/17 to deepen their arguments. Counter argumentation is very difficult 
for them. Students also lack the skill to explore the ideas of their argumentative 
(counter)partners. When they deepen an argument it is only their own argument. So, 
students can handle the breadth of the space of debate, but the deepening of arguments, 
handling controversy and relating different subtopics is difficult for them.  
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2. Computer support of argumentative interactions 
  

A computer-supported environment might solve the problems such as the ones 
described above, for example by making controversy explicit, or by focusing on relations 
between arguments. This can be done by providing students with possibilities to construct 
an external representation, such as an argumentative diagram. With a diagram students can 
construct, research, and manipulate their own representation of the space of debate. An 
argumentative diagram might help them in relating argumentative knowledge, because it 
specifically displays relations (arrows) between knowledge parts (in boxes), and can give 
an instant overview of the space of debate. Also, because the diagram has to be made in 
collaboration, it makes differences between students clearly visible, and could help them to 
address controversy. Students are invited to counter and rebut arguments together, because 
they are shown on screen. 

However, earlier studies [12] found that students do not benefit much from the 
construction of an argumentative diagram to learn about the space of debate. They find out 
how to use the diagram fairly quickly, but do not make use of it for addressing controversy 
or relating knowledge. Displayed contradictions are not discussed, and relations put 
between boxes are often arbitrary. Diagrams are used to display bits and pieces of 
information, without considering their structure. Overall, students did not really discuss 
each other´s arguments, but simply took them for granted. Short fragments of 
argumentation were followed by rapid reconciliation. We think that students might need 
more guidance in focusing on relations and controversy. In the first versions of Belvédère, 
boxes had many labels, which changed students' focus of  discussing content to discussing  
categories [13]. For diagrams supporting deepening discussions and relations between 
knowledge-parts, we feel that discussing meta-levels of content might exactly be what is 
needed.  

In our study, we explore how different argumentative representations influence the 
way students broaden and deepen the space of debate. We hypothesize that students who 
have to explicitly label arguments (with labels such as ´argument in favour´, 
´counterargument´, ´rebuttal´) in a diagram will have a deeper discussion than students 
who do not use labels, because it helps them to focus on the deepening activities of 
counter-argumentation and rebuttal. The labels help them to realize what kind of 
argumentation they haven´t used yet. We also think that labeling relations between 
arguments (with labels such as ´because´, ´but´, ´such as´)  will lead to a deeper discussion 
while also taking relations between subtopics into account. Students who have to label 
relations will address controversy more than students who have to label arguments or 
students who do not use labels, because the labelling is a visual display of the controversy 
and maybe in this way students are ‘forced’ to solve these kinds of contradictions in 
collaboration. We also expect that controversy displayed in this way in diagrams will give 
more communication in chat about the content of boxes and arrows.  
 
 
3. Method 
 
3.1 Participants  
 
Participants were 60 students aged 15 to 17 from two upper secondary schools (pre-
university) in the Netherlands. Three classes participated, two during biology lessons, the 
other one during Dutch language and literature. The sample included 27 boys and 33 girls. 
Pairs of students were randomly formed within classes, with each student working at his or 
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her own computer. Pairs were divided into three groups according to three different 
conditions. 
 
3.2  Design and procedure  
 
The study roughly consisted of three phases: a preparation phase, a discussion phase and a 
closing phase. The task sequence is described in more detail in Table 1.   
Pairs of students were put in one of three conditions. In one condition, they were asked to 
collaboratively construct a diagram, using the following labels for the viewpoint and 
arguments (boxes): viewpoint, argument in favour, argument against, support, rebuttal, and 
example. In  the second condition, students were asked to collaboratively construct a 
diagram using the following labels for relations (arrows) between arguments (boxes): 
because, but, and, thus, such as. In the third condition, students were asked to discuss the 
topic without a diagram and collaboratively write notes or text in a textboard.  

 
Table 1. Task sequence 

 
Phase Task Duration 

(min) 
Preparation We started the lesson with a description of the task at hand, followed by a short  

interaction with students on argumentation and discussion in general. A five-minute  
video was used to introduce students to the topic of GMOs. Then students  
received information sources on the topic, and were asked to individually make a 
list with as many arguments for and against genetic modification as they could 
think of. The information sources were different for each student in a pair. 

90  

Discussion Pairs of students discussed the lists with arguments they made via the  
computer environment DREW. They were asked to collaboratively construct a  
diagram or write in a textboard  reflecting the integration of their arguments. 
Next they were asked to debate about two cases, one at a time. Both times, students 
were asked to discuss and put ideas either in text or diagram. At the end of 
discussing the first case, students were asked to fill a questionnaire on the possible  
occurrence and solution of controversies between them. 

130  

Consolidation Students individually made a post test in which their argumentative knowledge of  
the topic was tested. In the final lesson, a classroom debate in groups of about 8 to 
10 persons was held. Students were assigned to a for or against position. They 
debated about GMOs in general or on a subtopic. 

60 

 
 
3.3 Tool 
 
The computer environment we used in this study is called DREW1, developed within the 
SCALE2 project The screen is divided in two windows: a chat window, and a diagram 
window or a text window, depending on the condition students are in. In the diagram, 
students can make boxes and draw arrows between boxes. Every box and arrow can be 
filled with text and additional pop-up comments. In the two diagram conditions students 
were asked to start every box with an argumentative label or to define an arrow with a 
relational label as described above. In the non-diagram condition students get a text 
window instead of a diagram in which they can type everything they want.  
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Figure 1. Screendump of DREW with diagram window (labeling arrow-condition). 
 
 
3.4 Data and analyses 
 

Main data in this research were the dialogues, diagrams and notes in the textboard which 
were logged in such a way that every action of students is recorded. This enables coding of 
all interactions. To get a first impression of data, we firstly performed a functional analysis 
on all students´ interactions. This functional analysis is called the Rainbow-framework3 
and distinguishes the argumentative interactions from more task-specific or socially 
oriented interactions. On the argumentative interactions we performed an analysis which 
codes exploration of the space of debate in breadth and depth. The breadth of the space of 
debate is determined using a topic list that distinguishes 14 possible GMO-topics students 
argue about. The depth of the space of debate follows Kuhn’s argumentative elements [10]; 
claim, supportive theory, alternative theory, evidence, counter, and rebuttal. A claim that is 
followed by a supportive theory is deeper than a claim alone, and so on. Supplementary 
data are delivered by questionnaires and the face-to-face debate. These data show whether 
students are aware of controversy and which arguments have become part of their own 
knowledge-base.   

 
4. Results 
 

At this moment, eight pairs have been analyzed on exploration of the space of 
debate and labeling their diagrams. These preliminary results show that students hardly 
ever discuss controversy and relations in chat, nor talk about the labeling of the diagram. 
They are mainly focused on finishing the diagram or text, without explicitly exploring the 
space of debate together. Even the removal of boxes and arrows is seldom discussed. 
Again, like in our earlier research [12], students seem to avoid controversy, probably 
because they value their social relation, and because they want to finish the task quickly 
and easily. 

Students mainly explore the space of debate in the diagrams. The diagrams in the 
label-arrow condition are bigger than the diagrams in the label-box condition. There was 
no difference in conditions in amount of counterarguing or rebutting arguments in the 
diagram. Most students indicated there was no controversy in their discussion with their 
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partner. However, when looking at the diagrams, many controversies can be found that are 
not related or discussed. We wonder whether students do not see controversy or whether 
they don’t feel the need to solve it.   
 Summarized, diagrams seem to be supportive for argumentative processes in the 
individual student, but not for argumentative interactions. Students are mainly working on 
their own parts, not aware of controversy and not discussing contrasts in their ideas. 
Further results will be discussed at our presentation.  
 
 
Notes 
 
1 DREW: Dialogical Reasoning Educational Web tool. DREW is developed within the RIM research 
team at the Ecole des Mines de St. Etienne (France). 
2 SCALE project (Internet-based intelligent tool to Support Collaborative Argumentation-based 
LEarning in secondary schools, March 2001–February 2004) funded by the European Community 
under the Information Societies Technology (IST) Programme. Information on the project can be found 
at: http://www.euroscale.net/ 
3 The Rainbow framework is collaboratively developed by researchers from four different countries 
involved in the European SCALE project: Michael Baker, Jerry Andriessen, Matthieu Quignard, Marije 
van Amelsvoort, Kristine Lund, Timo Salminen, Lia Litosseliti, and Lisette Munneke. An article on 
this framework is in preparation. 
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ABSTRACT 
 

This paper outlines a research proposal that intends to explore the pair 
programming task for remote collaboration. It proposes to investigate the 
suitability of the Task Sharing Framework (TSF)[1] in the design of an 
intelligent tool that aim to monitor and foster the collaboration between 
distributed pair programmers facilitating their efforts at learning 
programming.  

 
 
1. Introduction 
 

Teaching programming is not an easy task. For this reason, it has been the subject of 
study for many researchers. Brusilovsky et all. [2], for example, in a review of approaches 
and tools for teaching procedural programming, noted that programming causes cognitive 
overload and for this reason should be taught in small subsets. With Object Oriented 
Programming, an approach that is increasingly finding agreement in academic 
environments this is not different. The large number of concepts, whose familiarity is 
required for handling object oriented programming constitutes a major difficulty for 
novices [3]. Thus, new tools and methods that could facilitate the learning of programming 
must be explored. 

Pair programming is a novel well-accredited approach to teach programming. 
Students who practice pair programming have shown better results on graded assignments 
and more satisfaction/less frustration on doing course projects [4]. In pair programming (as 
in any other collaborative learning situations) there is a need for tools that support peer 
collaboration. It is also necessary to consider the strong movement towards distributed 
learning technologies and how this movement could influence the design of such tools[5]. 
Indeed, there have been some attempts to implement tools to support distributed pair 
programming [6, 7]. However, none of them have had any influence of pedagogical 
theories. Moreover, little attention has been paid into the different affordances that 
distributed pair programming provides compared with collocated pair programming.  

Therefore, this doctoral research intends to explore and understand the discussed 
collaborative situation (distributed pair programming). The Task Sharing Framework (TSF) 
developed by Pearce et al. [1] will be used to design a prototype of an intelligent tool that 
will monitor and foster the collaboration between distributed pair programmers facilitating 
their efforts at learning programming  
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2. Collaborative Programming and Shared Learning: A look into Pair Programming 
 

Pair programming is the situation in which two programmers work side by side, 
designing and coding, while working on the same algorithm. A relevant aspect of pair 
programming is that it transforms what used to be an individual activity into a collaborative 
effort [8, 9]. Typically there are two roles in pair programming: the driver who controls 
both the computer keyboard and the mouse, and the navigator who examines the driver’s 
work, offering advice, suggestions and corrections to both design and code [9]. Those two 
roles are often not fixed but exchangeable.  

According to Cockburn and Williams [8] who observed the method in academic 
environments, Pair Programming improves the quality of the software design, reduces the 
deficiencies of the code, enhances technical skills, improves team communication and is 
considered to be more enjoyable for the participants. Moreover, other studies [10, 11, 12, 
13] that compared the performance of pair programming students and solo students showed 
that the former were more likely to hand in solutions for their assignments that were of 
higher quality. 

Considering all outcomes from these studies is not difficult to see why pair 
programming has been extensively used as a method for teaching programming to 
computer science students in recent years. However, some studies [14, 15] have suggested 
that it is not obvious that pair programming is more efficient than solo programming. 
Tessem [15], for example, showed that some students found the experience irritating, 
extremely inefficient and very exhausting. Another study [16] that explored students’ 
perceptions of pair programming highlighted three issues that must be addressed to 
guarantee a good collaboration: schedule conflicts (availability to work), pair 
incompatibility (skill level, cognitive styles), and unequal participation by the individuals in 
a pair.  

Despite all criticism, there is enough evidence to suggest that pair programming in 
some situations appears to be more engaging and enjoyable [17]. Therefore, in pair 
programming (as in other collaborative learning situations) there is a need for tools that 
support peer collaboration and also take action to overcome difficulties during the 
interaction.  

 
2.1 Distributed Pair Programming 

 
In the area of computer supported cooperative work, it is well know that distance 

matters [18]. Consequently, as argued in [7] it follows that collocated pair programming 
will most likely outperform distributed pair programmers in terms of productivity. On the 
other hand, it is difficult to ignore the enthusiasm for distributed learning. Indeed, there are 
many factors motivating distributed work. Organizations have offices in multiple locations 
with teams interacting cross-geographical sites in different time zones. Universities are 
launching distance learning courses to reach wider populations [10]. 

It is reasonable to argue that a tool that successfully supports distributed pair 
programming will bring many benefits. For example, it will remove conflicts with 
collocation requirements [10] and it could support synchronous and asynchronous 
cooperation among student who will be geographically distributed [6]. Baheti, Gehringer et 
all [6] have shown that distributed programmers foster teamwork and communication. They 
also argued that software development involving distributed pair programming seems to be 
comparable to collocated pair programming in terms of productivity and quality. Hank [10] 
also showed some evidence of the efficiency of distributed pair programming. However 
both works of distributed pair programming were more interested in performance and 
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suggested environments and tools that tried to recreate a collocated situation using video. 
Little attention has been paid for the different affordances those two different situations 
(Collocated and Distributed) can provide.  

Different from collocated, distributed pair programming will provide one set of 
keyboard, mouse and monitor for each peer. This situation per se changes the nature of the 
task a lot. If we consider for example the roles suggested in [9], each member could be a 
driver at the same time, because they can take control of their own keyboards. So, should 
the tool only allow one person editing per time? Should each peer have his/her own copy of 
the task?  Another aspect that should be considered is the collaboration among the pair, in 
the design of tools for supporting pair programming less importance has been given to pair 
incompatibility and unequal contribution of participants. However, these two problems 
have been the subject of study in Collaborative Learning for a long time. As argued in [19], 
just putting people together does not mean that they will collaborate. Although there were 
some attempts to build tools to support pair programming [6, 7], none of them, as far as this 
author is aware of, have had any influence of pedagogical theories or have taking into 
account the different affordances provided. Therefore, to support the development of a tool, 
the author looked into the field of Collaborative Learning for some grounding theory and to 
the framework proposed in [1] . 
 
3. Collaborative Learning: Constructing Knowledge in a Social Context 
 

Learning in a collaborative environment is a process that could be subject to two 
different perspectives [19, 20]: individual effort and social sharing of knowledge. The first 
derives from as Cognitive Constructivism [21]; the second instead derives from Social 
Constructivism [22].  

Social Constructivism focuses on learning as an action that occurs within a social 
context during the interaction between the learner and its interlocutor(s). It has tended to 
stress cooperation rather than conflict. This approach stresses learning as a process 
triggered by social interaction in a context of dialogue (ie. tutor-learner). Because of the 
engagement in collaborative activities, individuals can master something that they could not 
do before the collaboration [23, 20, 24]. From a Social Constructivist perspective, learning 
would occur in social environments with rich interaction between a learner and his/her 
peers.  

Dillenbourg [19] defined collaborative learning as follow: 
 

"... the words "collaborative learning" describe a situation in which particulars forms of 
interaction among people are expected to occur, which would trigger learning mechanisms, 
but there is no guarantee that the expected interactions will actually occur. Hence, a general 
concern is to develop ways to increase the probability that some types of interaction occur" 

 
According to Dillenbourg, in order to maximize the likelihood of such specific forms of 
interaction, there are four conditions to accurately set a collaborative context: (1) set up the 
initial environment, (2) over-specify the collaboration contract with a scenario based on 
roles, (3) scaffold productive interactions by encompassing interaction in the medium, and 
(4) monitor and regulate the interactions. These four conditions could be easily applied to 
Pair Programming, which is considered in this work as a specific type of collaborative 
interaction. 

Therefore, a tool to support distributed pair programming, should foster the 
collaboration among peers and also have intelligent mechanisms to establish rules in the 
medium and monitor interactions. The Task Sharing Framework [1] will be used for the 
design of such tool. This framework operationalizes the sharing of collaborative tasks 
between multiple users. More important the framework will provide information about the 
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task activity of each and every user. This will allow the use of intelligent features from the 
system that could for example detect undesirable patterns of interaction such as plagiarism. 
 
4. An Intelligent Tool for Fostering Collaboration   
 

The aim of this doctoral research is to investigate the suitability of the TSF [1] in 
the design and implementation of a prototype of an intelligent tool that monitors and 
enhances the collaboration between distributed pair programmers facilitating their efforts at 
learning programming. Supported by the TSF, the goal of the intelligent tool is to foster 
their collaboration, by monitoring and occasionally prompting with feedback or 
suggestions. In particular, the tool will search for signs of collaboration difficulties and 
breakdowns of pair programmers solving a pre-determined exercise of object-oriented 
programming. 

The Task Sharing Framework supports the sharing of collaborative tasks between 
multiple users.  The proposed framework supports different options for designing a tool, for 
example we can have one version where all users will have their own identical yet 
independent copy of the task that by default, only they themselves can manipulate. The 
visual representation of agreement and disagreement has the potential to constructively 
mediate the resolution of collaborative disputes [1]. Because this framework is going to be 
applied on a distributed task, the focus of this work will be on creating the visual 
representation of agreement. 

We must bear in mind that the Task Sharing Framework was developed for children 
collaboration with simple representations. Therefore, some issues should be considered. 
Programming is a heavy cognitive task and with the Task Sharing Framework each student 
will have two representations to look at: his/her own and the one he/she agrees with his/her 
peer. This might impact students’ cognitive efforts. Another aspect to be considered has to 
be with the roles played in pair programming: navigator and driver [9]. Does this 
framework support these roles or does it change the nature of pair programming? Finally, 
for the design of the tool decisions should be taken. For example, what type of agreement is 
expected for the pair, syntactical, semantical or both? Will the system only compare 
reserved words and parameters used (syntactical) or will it compare solutions using 
different syntaxes but with the same meaning (semantical)? 

Supported by the framework, there will be many places where intelligence 
mechanisms could be applied. It could be used on recognizing how different one peer 
version of the task is different from the other peer. It also could be applied on recognizing a 
moment to intervene, such as when the computer notes that one peer is just copying the 
version of the other one, prompting some messages. However, many ideas are still 
speculative. The decisions about the intelligent features of the tool would be based on a 
study about pair programming the author is currently conducting. 

This doctoral proposal is also strongly influenced by the work produced in IHELP 
[25]. On the basis of a student model, the intelligent tool would match good pairs, 
considering cognitive styles, learning goals, interests, among other characteristics of 
students. However, different from the work in IHelp, the proposed prototype will not work 
as a help seeker but as a tool that will aim to facilitate the collaboration among peers. The 
intelligent tool will be grounded on social constructivism [22].  

 
5. Conclusion 

 
This doctoral research proposes the design and implementation of an intelligent tool 

prototype supported by the TSF to coordinate and stimulate the collaboration between peers 
in distributed pair programming. Students learning via Computer Supported Collaborative 

        AIED 2005 - Young Researcher Track Proceedings

Page 24



 

Learning need guidance and support on-line, just as students learning in the classroom need 
support from their instructor [26]. The advantage of using an intelligent tool is that it plays 
a non-authoritative role in a social learning environment [27]. The author is interested in 
exploring the learning gains and the peer collaboration with different design versions of the 
intelligent tool using the TSF. Each participant will do a pre-test to evaluate her level of 
expertise in object-oriented programming. The learning gain and the collaboration will be 
measured comparing the results from pre and post-tests, plus analysing verbalizations and 
performance on the task. 

If the cognitive tool proves that it can be effectively used by students who are pair 
programming remotely, it will extend the benefits of pair programming to a large 
population. Moreover, it will strength the case for the Task Sharing Framework [1] as  a 
language with which it is possible to reason about and design collaborative tasks. Progress 
in this area would also be of major significance in the area of intelligent learning systems 
used for teaching programming and collaborative learning.  
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Introduction 

This study examined how earlier messages affected the property of current message, i.e., 
evaluations, knowledge contents, social cues and responsiveness. If earlier messages help to 
explain these features in current one, we can further know the interrelationship of online 
messages, and thereby taking measures to improve online discussion processes.  

As past studies on online discussion and face-to-face discussion suggested (Henri, 
1992; Chiu, 2000; Chiu, 2003; Norris & Ennis, 1989; Davidson-Shivers et al., 2001), the 
property of online discussion message can be classified into five dimensions, namely, 
person status, evaluations, knowledge contents, social cues and responsiveness. 

Person status measures the characteristics of message poster. In face-to-face discussion, 
the status indicators can be ability (Chiu & Khoo, 2003), gender (Lockheed et al., 1983) 
and race (Cohen, 1982), etc. In online discussion, posters may not know gender, age and 
background of each other. Instead, nickname, IP address, personal statement and visit 
number on the Website can work as indicators of person status. 

Evaluations characterize how the current speaker assesses the previous action and the 
current problem-solving trajectory (Goodwin & Goodwin, 1987; Pomerantz, 1984). Chiu 
(2000) classified the evaluations dimension into three categories: supportive, critical, and 
unresponsive. Supportive actions tend to reinforce the direction of the current 
problem-solving approach (Sacks, 1987). Criticisms tend to alter the problem-solving 
trajectory by identifying flaws and developing alternatives (Chiu, 2000). Unlike criticisms, 
unresponsive actions do not acknowledge the previous speaker, which in some contexts 
suggest that his or her proposal was unworthy of comment (Chiu, 2000).  

Knowledge contents characterize the knowledge displayed in the messages. Chiu & 
Khoo (2003) classified knowledge contents dimension into null content, repetition, 
contribution and justification. Their research showed that justification in previous speaker 
turn may threaten the agreement in current turn. 

Social Cues of a message is a part of statement not related to formal content of subject 
matter (Henri, 1992). Social cues might include a self-introduction, expression of feeling 
(e.g., “I’m feeling great…”), greeting (e.g., “Hi, everyone”), closure (e.g., “That’s it for 
now”), jokes, the use of symbolic icons (e.g., “^_^”), and compliments to others (Hara et al., 
2000). The frequency of the social cues might be an indicator of the level of learner focus 
on the task (Henri, 1992).  
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Responsiveness measures whether the current message is cited and thereby responded 
to by any later messages. A message with response contributes to the continuation of 
discussion. Responsiveness is also an important indicator to test whether the message is 
read or not. In online discussion, usually many messages cannot receive later responses 
(Hara et al., 2000; Thomas, 2002; Chen, in press). 

 
Method 

7 hot topics were selected from the math board, an academic discussion forum of the 
Bulletin Board System (BBS) Website of Peking University (URL: bbs.pku.edu.cn). The 
independent forum is free for entrance or leaving, with little requirement or limitation for 
participants’ activities. There were totally 131 messages, 47 participants responding to the 7 
topics. Messages responded to the 7 topics ranged from 11 to 33. The discussion durations 
of the 7 topics ranged from 14 hours to 106 hours.  

Variables 

Person status. The indicators of person status can be personal statement and visit 
number. 

Evaluations. Evaluation can be agreement (e.g., “I agree with you.” or “Good answer. 
Can you speak it in detail?”) or disagreement (“I don’t think so.” or “Something you said 
can be right, but, …”). 

Knowledge contents. Knowledge content can be null content (e.g., “I got it.”), on-topic 
(“I don’t understand your question, can you say more about it?”), contribution (“In my 
opinion,…”) and justification (“I think…, the reason is…”).  

Social cues. Social cues measure the personal feeling (PF) shown in the message. 
Social cue can be PF if the message include special words (“four times seven equal to 
twenty four?! are you kidding?”) or symbolic icons (“☺” ). 

Responsiveness. Responsiveness measures whether the current message is cited and 
thereby responded to by any future message. 

Analyses 

Variables in lag 1, lag2 and lag 3 messages were used to predict the variables in current 
message. (In this paper, I use the convention that message (-1) refers to lag 1 message, 
message (-2) refers to lag 2 message; and so on.). The sequential set binary Logit 
regressions were performed with the statistical software, SPSS version 10.0 (SPSS, 1999). 
Structural equation model (SEM) tested direct and indirect effects on responsiveness on the 
LISREL (Joreskog & Sorbom, 2001) program. An alpha level of .05 was used for all 
statistical tests. 
 
Results and discussion 

As lag variables required data from preceding turns, some messages could not be used, 
leaving 109 messages available for lag 1 turn variables and 84 for lag 2 turns ones. At the 
message level, I discussed below how these predictors affect current message.  
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Disagreement (-1) and contribution (-1) affecting disagreement 

Disagreement positively predicted disagreement. That is, disagreement in previous message 
elicited disagreement in current message, which helps to make the online discussion be 
controversial. In this way, it might differ from face-to-face collaborations in which a spiral 
of disagreements can threaten group collaboration in the discussion (Chiu & Khoo, 2003). 
Contribution also had a significant positively effect on current disagreement, showing that 
proposing a new idea is more likely to receive a critical rather than supportive response. 
This supports the claim that the online discussion forum can promote critical thinking 
(Greening, 1998; Thomas, 2002). 

Visit number (-1) and personal feeling (-2) affecting contribution 

Visit number of the previous poster on the website significantly affected the contribution in 
the response. Contribution tended to occur when the current message is responding to the 
message which poster has visited a lot on the website. Personal feeling (-2) had a 
significant negative effect on contribution of current message. That is, personal feeling in 
lag 2 message is likely to reduce the contribution in current message. This support 
Walther’s (1996) argument that, the more socioemotional communication exists, the less 
effective online discussion is. 

Disagreement (-1) and contribution (-1) affecting personal feeling 

Both previous disagreement and contribution positively predicted personal feeling in 
current message. This result suggests that, when a poster is confronting a disagreement or a 
new idea, he or she is more likely to add personal feeling to the response. Disagreement or 
contribution led to personal feeling in the response. But unfortunately, the evoked personal 
feeling threatened the proposing of contribution in future responses, as discussed in the 
previous section. This dilemma implies that online discussion should better meet the desire 
of posters showing personal feeling, and meanwhile, not to make the social cues in message 
weaken contribution in future responses. 

Disagreement and on-topic (-1) affecting responsiveness (+1) 

Responsiveness characterizes whether the current message can get future response or not. I 
use the contention responsiveness (+1) to represent it in the analyses. No one responded to 
45% of the messages of the 7 topics, a little more than half, 55% messages got responses. 
The final SEM model is shown in figure 1. The SEM showed a good fit (IFI = 0.97, CFI = 
0.97, NNFI = 0.95, RMSEA = 0.07, SRMR = 0.04).  

 

 

0.37* 

0.40** 0.35**

0.34* 

0.27* 

0.39** 

Disagreement (-1) 

Contribution (-1) 

Disagreement 

Personal feeling

Responsiveness (+1)

        AIED 2005 - Young Researcher Track Proceedings

Page 29



Figure 1. Structural equation model for predictors of responsiveness with significant 
standardized parameter estimates (χ2 [df =5, N = 109] = 8.19, p = .146) 

 
Disagreement in current message positively affected its responsiveness. Also, previous 

disagreement and contribution had indirect effects on responsiveness. These suggest that 
disagreement messages are more competitive to attract later posters and get their responses. 
Furthermore, it shows that messages with critical thinking are more popular in the 
discussion, which is consistent with the claim that online discussion forum can promote 
critic thinking (Greening, 1998; Thomas, 2002). Previous on-topic message had a positive 
effect on responsiveness of current message. It shows that previous on-topic message can 
help the current message to get later response. 

Implications 

Attach more earlier messages to current message. The branch structure of online discussion 
made it difficult for current poster to track earlier messages. As shown in the results and 
discussion, only lag 1 and lag 2 messages, which were displayed together, can affect current 
message. To help posters understand the discussion thread more easily, designers can attach 
more earlier messages to current post, e.g., adding lag 3 and lag 4 messages. Such design 
may also make the discussion more coherent (Thomas, 2002) for the current message is 
based on more early messages. In fact, some BBS websites have adopted this kind of 
discussion style, e.g., the “unknown space” BBS (URL: www.mitbbs.com). 

Carry on controversial discussion in online forum. As shown in this study, participants 
were likely to perform and continue controversial interactions in online discussion. It 
implies that instructors can move some controversial topics, e.g., new theories or problems 
without certain answers, to online forum for discussion. Under such topics, participants can 
come into different sides to controvert and argue by posting personal ideas. 
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Abstract.  The Pedagogical Embodied Conversational Agent (PECA) is an “artificially intelligent”,

computer 3D graphic, animated character that teaches from computer simulated environments and naturally

interacts with human end-users.   What distinguishes a PECA from the traditional virtual instructor or

pedagogical agent is the PECA’s ability to intelligently use its 3D graphical form and multimodal perceptual

ability.  While so doing, the PECA has capabilities to communicate with human end users and demonstrate a

wide variety of concepts from within interactive mixed reality environments.  More importantly, the PECA

uses this intuitive form of communication to deliver personalized instruction for enhancing human learning

performance by applying its underlying knowledge of empirically evaluated pedagogical techniques and

learning theories.  A PECA combines this “art and science” of instruction with knowledge of domain based

facts, culture, and an individual’s learning strengths in order to facilitate a more personal human learning

experience and to improve its own instructional capabilities.  The challenge, however, is engineering a

realistically behaving 3D character for human interaction in computer simulated environments and with

capabilities to provide tailored instruction based on well defined pedagogical rules and knowledge of human

learning capabilities across cultures.  This paper presents a novel approach to building PECAs for use in mix

reality environments and addresses key challenges researchers face in integrating pedagogy and learning

theory knowledge in PECA systems.

1. Introduction

The Pedagogical Embodied Conversational Agent (PECA) is a virtual instructor that

provides a personalized human learning experience by applying empirically evaluated and

tested instructional techniques.  Combining state of the art technologies and techniques,

the ultimate goal for PECAs is to improve and accelerate human learning performance

anytime, anywhere, and at any pace.   However, in order for the PECA, virtual instructor,

or pedagogical agent to improve and accelerate human learning performance, it must

combine instructional strengths of “master” instructors.  The resulting PECA then possess

expertise in specific academic/knowledge domains to effectively guide learners through

complex concepts/task and become intimately involved understanding the learner’s.

These depict some of the computational challenges for all virtual instructor developers

and that require interdisciplinary expertise in areas such as cognitive science,

anthropology, sociology, computer software engineering, computational humanities,

educational technology, artificial intelligence, 3D computer graphics, linguistics, and

display technologies.  A solid engineering approach for best designing PECA systems is

the focus of this paper.
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2. Background

2.1  Virtual Instructor

The building blocks of 3D computer animated PECAs have their basis in virtual

human systems.  Virtual humans have started to penetrate our daily operations, starting by

inhabiting our auditory world [8].  For example, if people call British Airways, they can

have a satisfactory conversation with their virtual reservation agent.  Through a

combination of state of the art vocabulary, over the phone speech recognition, and natural

language processing, one can talk with a pleasantly mannered virtual human about

anything within the domain of a British Airway reservation.  On the web, virtual taking

heads are starting to emerge with definitive personalities incorporating face animation,

and avatars representing virtual reality participants.  The international noted author and

“futurist”, Ray Kurzweil stated that by year 2010, virtual humans will have the ability to

pass the Turning Test [8] where we will not mistake virtual humans for real ones, but will

interact naturally with them as information assistants, virtual coaches, virtual sales clerks,

entertainers, and even for love replacement therapy [8].   Perhaps, one of the most

important applications of virtual human technology will be in the teaching domain where

the virtual instructor may efficiently operate with no pay, provide quality instruction

separately from school system politics, and maintain an unwavering goal to improve the

knowledge of human learners.

2.2 Mixed Reality Environment

The simulated environments PECAs inhabit and from which they provide instruction

also merits discussion. Typically, virtual instructors, pedagogical agents, and virtual

humans have occupied virtual reality environments [1,5,6,7].  However, to support

PECA’s operation in existing digital environments and ones unforeseen, a PECA should

be engineered as a ‘decoupled’ subsystem that may operate in any digital environment.

Some of these existing digital environments may include, but are not limited to,

augmented reality (AR), volumetric displays, hand-held displays, and holographic

environments. The term mixed reality environments are used to organize a categorization

for various types of virtual reality (VR) type systems. Hence, researchers have defined a

continuum of real-to-virtual environments, in which VR and AR are parts of the general

area now considered, “mixed reality”.   Figure 1 illustrates this mixed reality continuum.

In Augmented Reality digital objects are added to the real-environment. In Augmented

Virtuality, real objects are added to virtual ones.  In virtual environments (or VR), the

surrounding environment is virtual.

Figure 1: Milgram’s reality-virtuality continuum.
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The advantage of designing PECAs to operate in mixed reality environments is that they

may be programmed to intelligently adapt and use the best simulated environment for

igniting learner motivation, reinforcing concepts, guiding learners through new and

complex task, clarifying ambiguity, and thus, providing a more enhanced and intuitive e-

learning environment.   For example, if a learner wanted to learn about a historical

building, during an outdoor student tour, the PECA may be loaded in an augmented reality

environment and supplement the tour guide by tailoring the experience to the learner’s

personal interest and correspondingly, their learning strengths.

2.3 Computational Pedagogy

Neither the PECA’s advanced human computer interface capabilities or ability to

interact within mixed reality environments is useful without it’s knowledge of best

instructional methods for improving human learning.   This instructional method is

formally called pedagogy and is defined as the art and science of teaching [2].  PECA

pedagogy may include scaffolding techniques to guide learners when necessary; multi-

sensory techniques so students use more than one sense while learning; multi-cultural

awareness where awareness of the individual’s social norms potentially influences

learning outcomes [4], among other instructional techniques. The PECA should also tailor

a particular instructional method to, at minimum, weighted learning strengths, including:

visual learning seeing what you learn; auditory learning hearing spoken messages or

sounds to facilitate learning; kinesthetic learning to sense the position and movement of

what is being learned; and tactile learning where learning involves tough.  These foci may

be structured and decomposed, without losing their inherent value, into a ‘codifed’ set of

pedagogical rules expressed, naturally, by the PECA.  These rules may even evolve in

ever-increasing detail to deal with individual facets of instruction, including research and

practices relating to cognitive neuroscience, developmental psychology, deep learning,

meta-cognition, sociology, cross-cultural studies, learning outcomes, educational

governance and management, learning communities, and curriculum content.

3. PECA Product Line Architecture

To build PECAs that operate in mixed reality environments and effectively provide

instruction to human learners requires an extensible, interoperable, modular, and scalable

software architecture.   Comprehensive research has been conducted to design such an

architecture model, the PECA Product Line (PPL) architecture.  The PPL is designed to

generate families of PECAs that may provide instruction from mixed reality environments

such as virtual reality, augmented reality, volumetric displays, holographic environments,

and adapt to evolving virtual environment technologies. The PPL architecture was

developed to address limitations in dynamic 3D animation, knowledge domain

dependence, autonomous operation within mixed reality environments, realistic

interaction with human end-users, and pedagogy intelligence.  The PPL supports the

“plug-in-play” integration of various system/software components [2] ranging from

speech recognition and speech synthesis components to 3D animation algorithms and

pedagogical techniques.
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Figure 2: PECA Context Diagram

The PPL supports multimodal external inputs into a target PPL system as illustrated in

Figure 2.  Multimodal inputs supported in all (i.e., kernel) PECA systems include human

body gestures (i.e., face and body); human environment objects (e.g., toys) captured by

digital camera devices; and human verbal input and human environment noise captured by

microphone devices.  Optionally, a PECA system created from the product line may

support the capture and interpretation of human physiological data captured from

biosensors to help measure and evaluate the learning progress of the human learner.

Figure 3: PECA Layered Architecture View

Figure 3 illustrates the multi-tier view of the PPL architecture.   This view is based on the

Layers of Abstraction pattern (also known as the Hierarchical Layers or Levels of

Abstraction pattern) [2].  In this view, the PECA Knowledge Server, PECA Cognition

Server, and PECA Client tiers are depicted as Layer 0, Layer 1, Layer 2, respectively.

Each layer contains subsystems and their corresponding components.  In the PECA Client

layer (i.e, Layer 2), the 3D Character (i.e., PECA) is the kernel graphical component with

which the end user (i.e., learner) interacts.  The netVR, Holographic, and AR environment

are alternative mixed reality environments in which a PECA may be integrated.  Because

these environments are denoted as alternate, one and only one mixed reality environment

must be selected in which PECA will inhabit. The default environment is netVR.  In the

PECA Cognition Server layer (i.e., Layer 1), several subsystems exist including,

Cognitive, Instruction, and Systemadmin.   All are kernel subsystem except for the

Systemadmin subsystem.  The PECA Cognition Server is the most dynamic aspect of the

three layers with regards to system configuration and component/subsystem updates.

Consequently, the Cognitive and Instruction Subsystems are subjected to expansion faster

than the other layers The PECA Knowledge Server has several data repositories with

which the PECA Cognition Server interfaces.  Data repositories including knowledge

databases/expert systems, relational database systems, and file storage systems are kernel

        AIED 2005 - Young Researcher Track Proceedings

Page 36



data repositories supported by the PECA Product Line  Optional data repositories may be

object oriented databases among other data repositories or data management systems.

4. PECA System in Virtual Reality

The PECA Product Line was used to develop and prototype 3D animated PECAs and

all of their corresponding software components for use as tutoring system in mathematics,

particularly basic numeric concepts.  Two of the 3D characters were designed as “cute”

and non-authoritative figure in order to sustain a comfortable learning medium for

children.  The other character was designed as Benjamin Bannekar, a renowned African

American inventor, to teach science and math instruction. The resulting PECAs

demonstrate the ability to assess a learner’s strength and learning style in a particular

academic domain and instruct using a pedagogical technique, scaffolding.  The prototype

demonstrates PECA’s ability to naturally communicate with human end-users utilizing

speech recognition,

Figure 4: PECA Prototypes

speech synthesis, and natural language recognition components.  Additionally, the

prototype demonstrates the ability for the PECA to recognize human gestures.   The

PECA prototype was deigned with the knowledge to provide basic numeric concepts and

basic Newtonian physics instruction to children ages 8-10.  To prepare the PECA model

for operation within a netVE, a 3D animated character was developed in 3D Studio Max

with a controllable skeleton and bone structure.  Subsystems within the PECA Product

Line read the 3D file to analyze and store the PECA’s body and face structure in order to

prepare it for dynamic animation within a virtual reality environment.    For human input

interpretation, the PECA Product Line, and thus, the resulting prototype used a

combination of Java, C++, share-ware, and Commercial-Off-The Shelf (COTS) software.

Rules for storing conversational and instructional knowledge was done using the Artificial

Intelligence Markup Language (AIML), and XML type of rule based repository of

knowledge.  Microsoft SQL Server was used to store dynamic learning tracking data and a

learning profile for each learner.  In order for the PECA to see learners and other objects
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in their environment, Intel’s OpenCV image algorithms were integrated for specifically

recognizing human face gestures, body gestures (e.g., hand gestures), and the presence or

the learner.  For recognizing and responding to human speech, the Java Speech

Application Programming Interface (JSAPI) was used to develop speech synthesis and

speech recognition components on the PECA Cognition tier.  Custom software

components were developed in Java to enable the PECA to apply pedagogy techniques

during its instruction.    Pedagogical rules were stored in both in AIML and the relational

database. To provide a more pervasive interface when verbally communicating, a wireless

Bluetooth enabled headset was configured to enable the learner to roam about while

communicating with the PECA and listening to its instructional responses.

5. Conclusion and Future Direction

The PPL architecture and resulting prototype demonstrate the complexity of building

PECAs that provide instruction from virtual environments, and thus mixed reality

environments.  The implication of autonomous interactive 3D-character instructors that

provide instruction based on proven pedagogical models and knowledge of individual

learning needs is paramount to increasing human learning performance.  This type of

interactive learning medium demonstrates a fun and effective learning environment

especially for K-12 learning needs.  Continued research is planned to extend the PPL

architecture with capabilities to provide instruction from augmented reality, holographic

environments, and volumetric displays.
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Abstract. The proposed learner-pedagogical agent study examines in a 2x2 design 
the impact of type of social model (Mastery self-efficacy or Coping self-efficacy) 
and type of social interaction (direct or vicarious) in an social learning experience 
on learner motivations, learning, performance evaluations, frustration, competence 
similarity perceptions, attitude, and feelings about experience. Expected results 
include positive outcomes with the Coping agent, negative outcomes with the 
Mastery agent, and a stronger reaction in both cases in a direct social interaction 
than in a vicarious (overheard) social interaction. 

 
 
Introduction 
 
In the last decade the use of computers as social information conveyors has drawn 
widespread attention from the research and business worlds. Research in this area became 
significantly more credible with the publication of  Reeves and Nass’ [1] seminal work. 
The business community banks on this concept of computerized conveyance of social 
information to sell their products, including video games, consumer service interactions, 
computer voices and decision trees. 

More recently, the use of “pedagogical agents” (e.g., computerized 
anthropomorphic characters that facilitate learning) has come to the forefront of research in 
the educational community. Pedagogical agent researchers have studied a number of agent 
features, characteristics and behaviors and what they impact, including 1) Voice, Image and 
Animation [2-12]; 2) Gender [13, 14]; 3) Ethnicity [13, 14]; 4) Competence [4]; Realism 
[14-16]; and 5) “Persona” [17-21]. 

Much, however, has yet to be addressed. Already pedagogical agents are termed 
“social interfaces”. Yet in order for them to be fully useful, it is important to delineate how 
similarly to humans they socially function and to determine if and how they differ 
functionally from human social presence and behavior. Concurrently, it is important to 
determine the extent to which humans interact with pedagogical agents as they would with 
other human beings.  

Most recently, researchers have begun researching pedagogical agents as social 
models [18, 22-24]. When we look at the pedagogical agent literature, researchers have 
learned that multiple pedagogical agents can be utilized as social models to achieve 
outcomes and that agents can be persuasive social models used to change human attitudes. 
To expand on this literature, it would be useful to look at studies involving human-human 
social modeling and seek to replicate those studies in human-agent interaction.  

One such group of studies was performed by Schunk and colleagues [25-27]. These 
studies looked at two social model instantiations in an social learning situation with child 
peers to examine such outcomes as self-efficacy, skill, and persistence. The social models 
included a Mastery model and a Coping model that were, essentially, two different 
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representations of a self-efficacy response to a difficult learning situation. The Mastery 
model had high self-efficacy and rapid learning throughout the learning activities, while the 
Coping model had initially low self-efficacy and slow learning but developed high self-
efficacy and rapid learning through the use of coping strategies. Key to these studies is that 
learners socially compared themselves with the social model for similarity. These studies 
have not been replicated in a learner-agent social learning situation. 

While this research was done with elementary aged children, the mentorship [28-31] 
and social comparison [32-34] literatures suggest that the same findings would be true for 
adults. Likewise, in the Schunk and colleagues’ studies [25-27], observers were essentially 
being influenced to increase their self-efficacy to cognize certain mathematical 
formulations. What is important is that the Mastery and Coping social models are clearly 
conveying defined types of self-efficacy expression. Mastery and Coping social model 
instantiations have not been researched with agents fulfilling these roles. 

Social interaction is another element that can be found within social learning in the 
form of conveying information and/or feedback. It is another social activity whose social 
impact does not appear to have been examined with pedagogical agents to any great extent 
[35, 36]. Social interaction with a model is more intensely experienced than is a 
vicariously-experienced social interaction [35, 36]. As the result, the impact of each human 
social model (either Mastery or Coping) on learner outcomes is expected to be stronger in 
social learning situations in which direct social interaction occurs. No study has been 
performed to evaluate the impact of direct or vicariously-experienced social interaction 
using Mastery and Coping social model agents as interactees with learners.  

Threat creates anxiety, and anxiety is a strong motivator to socially compare oneself 
to others [34, 37, 38], especially when one experiences cognitive dissonance [39] as their 
view of the world is threatened [40]. Schachter [37] states that we affiliate in order to 
reduce anxiety. Therefore, it is reasonable to expect that under threat one would more 
strongly seek to affiliate with someone similar to them [32, 33], someone who could 
corroborate his/her view of the world [40] and reduce cognitive dissonance [39]. In the 
proposed study learners would perceive themselves to be under threat when they are 
initially told that the instructional activity will be easy but is in fact quite difficult, and that 
their actual class grade for that day depended upon their performance. Threat is used here 
to force an affiliation reaction. Everyone wants to “belong” [41], and seeking to affiliate in 
such a situation would be a natural human behavior when one does not feel s/he belongs 
and is threatened. It is expected that if the only “individual” available for affiliation is a 
pedagogical agent, learners would socially compare themselves to that agent and seek to 
affiliate or disaffiliate depending on how similarly or dissimilarly learners view their agent.  

If the Mastery model then demonstrates a non-threatened learning experience 
through a cheerful self-efficacy performance while the Coping agent demonstrates a 
threatened learning experience by initially demonstrating self-doubt and apprehension, and 
if learners have socially compared themselves to their respective social model agents, then 
it is reasonable to expect that the Mastery model agent would negate learners’ experience 
of threat while the Coping model agent would corroborate learners’ experience of threat. 
Therefore, with a dissimilarity social comparison to the Mastery model, learners would be 
expected to seek to disaffiliate with that model [34, 38] – and direct social interaction 
would only intensify that desire. Anxiety in the form of frustration would be heightened in 
learners with a Mastery model, and would lead them to have lower self-regulation [42] and 
greater cognitive dissonance [39]. There would be lower resulting outcomes.  

Likewise, with a similarity social comparison regarding the Coping model, learners 
would be expected to seek an affiliation with that model [34, 38] – with social interaction 
intensifying that inclination. Learners with a Coping model will therefore find their anxiety, 
in the form of frustration, diminished as their view of the world is corroborated and as they 
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experience a “true partner” influence (e.g., one that corroborates their experience in the fact 
of a majority disconfirmation) [43]. This should lead to better self-regulation and lower 
cognitive dissonance. There would therefore be more positive outcomes, with direct social 
interaction intensifying the results. 

The activities of social comparison and subsequent affiliation or disaffiliation have 
been studied in great depth in human-human interactions [25, 32-34, 38, 42-48]. These 
processes have not been examined in a learner-agent interaction. This study proposes to 
examine these dynamics using pedagogical agents. 

The primary motivation for this study is to examine the social processes extant 
within the process of social learning in a learner-agent context. As stated, no study has been 
performed to examine any of the following with pedagogical agents: 1) Social comparison 
processes; 2) Affiliation tendencies; 3) Direct social interaction impact as compared to 
vicariously experienced social interaction. Further, research on the use of pedagogical 
agents as social models is in its infancy. No learner-agent students have been performed 
using agents as Mastery and/or Coping social models.  
 
1. Methods 
 
The primary purpose of the proposed research is to examine the impact of type of social 
model agent (Mastery, Coping) and type of social interaction (Vicarious or Direct) on 
participant motivation (self-efficacy, satisfaction), learning, performance evaluations, 
frustration, competence similarity perceptions, attitude, and feelings about experience. The 
secondary purpose of the proposed research is to describe how two essential social sub-
processes (e.g., social comparison and social interaction) manifest within agent-participant 
social learning situations in terms of affiliation activities. 
 
1.1 Research Questions and Hypotheses 
 
The study investigates the following questions: 

1. What is the impact of type of social model agent (Mastery vs. Coping) on 
participant outcomes?  

2. How do type of social model agent (Mastery, Coping) and type of social interaction 
(Vicarious Interaction, Direct Interaction) interact to impact participant outcomes?  

3. What is the effect of type of social model agent (Mastery vs. Coping) on participant 
social comparison and affiliation activities?  

The specific research hypotheses for this study include: 
1. Participants working with the Coping agent will demonstrate significantly greater 

motivation and learning, significantly similar competence perceptions, and 
significantly more positive attitudes towards social model agent, performance self-
evaluations, and feelings about experience. They will also demonstrate significantly 
lower frustration and more positive performance evaluations of their social model 
agent (RQ1 and RQ3). 

2. There will be an interaction between type of social model agent and type of social 
interaction. This interaction will demonstrate that when participants work with the 
Coping social model agent, it is preferable to have a “Direct Interaction” social 
learning experience in terms of motivation, learning, performance evaluations, 
frustration, competence similarity perceptions, attitude, and feelings about 
experience. In contrast, when working with the Mastery social model agent, it is 
preferable for participants to have a “Vicarious Interaction” social learning 
experience in terms of participant motivation, learning, performance evaluations, 
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frustration, competence similarity perceptions, attitude, and feelings about 
experience. (RQ2) 

 
1.2 Materials 
 
1.2.1 Instructional Module 
 
The computer-based instructional module teaches participants how to create an E-Learning-
based instruction plan on the subject of Time Management. The scenario of the 
instructional module presents a plausible situation for most undergraduate students at this 
southeastern university. Participants are told that due to financial cutbacks at “Seminole 
University”, the university’s mandatory face-to-face “Freshman Year Experience” (FYE) 
mini “survival” courses must be transitioned into E-Learning classes. Participants are asked 
to create the E-Learning instructional plan for the “Time Management” portion of the FYE. 
 
1.2.2 Social Model and Other Agents 
 

In each of the module’s three instruction segments, a “teacher” agent provides 
relevant information on the segment topic. The social model agent behaves as if he is 
listening to the “teacher” and taking notes, except when he is self-expressing to either a 
“classmate” agent (vicarious interacation) or to the learner (direct interaction). The agent in 
the direct interaction waits for a typed response from the learner before turning back to the 
“teacher” agent. The “classmate”, considered a classroom visitor, just attends to the teacher 
but does not take notes. Twice during each of the module segments, the “teacher” pauses, 
allowing the social model agent to speak and the learner to respond where appropriate. 
 
1.2.3 Participants 
 
Participants will include approximately 100 pre-service teachers (20 per condition) enrolled 
in an introductory educational technology class at a southeastern university.  
 
1.3 Procedure 
 
The experiment will be conducted during a 1.5-hour session of a university-based 
undergraduate educational technology course for pre-service teachers. The participants will 
be randomly assigned to one of the five conditions.  
 
2.0 Data Analysis 
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Abstract: This paper presents a formal system for representing interactive narrative 
and then explores the extent to which it can be comprehended by children. Through 
development of computational medium for conveying this system the project shows 
that the children can understand and generate it. In achieving this the project 
suggests that future research into interactive narrative has real educational potential, 
particularly in addressing the important issue of children’s writing skills. 

Introduction  
 
Language is always present in our lives: from the books we read, to the conversations we 
have, to the media we watch, to the thoughts in our heads. By writing an imaginative story 
we must harness language to create narrative, we must reason about the language we have 
encountered to form our own ideas, and through this process we thus achieve greater 
comprehension of the world around us. This educational benefit of story writing is well 
documented (Ellis and Friel, 1998; Smith and Elley; 1998; Engel, 1999) with it being a 
valued part of the UK National Curriculum, however evidence shows that the standard of 
British children’s writing is a cause for concern (AAP, 2000; DfES, 2003). This poor 
standard may be attributable to the way writing is taught; research shows “important 
weakness” in writing instruction at a large number of Scottish schools (Scottish Executive, 
1999) and studies highlight problems in the way teachers give feedback on writing 
(Dunsbee and Ford, 1980; Coupe, 1986). 

The Ghostwriter project (Robertson and Good, 2003) attempted to address this issue 
through the development of a multimedia learning environment targeted to improve 
children’s writing skills. Ghostwriter is a 3D interactive audio-visual adventure game. Pairs 
of children played roles in the game’s fantasy narrative with their actions in the adventure 
then determining its ultimate outcome. Results showed that children found this experience 
to be highly motivating and stories written after use of the software displayed significantly 
better characterisation than those written in typical classroom conditions. 

Crucially in relation to this study, the child users of Ghostwriter can be viewed as 
consumers of games technology. Though allowing non-deterministic narratives within its 
virtual environment, the environment itself was pre-defined by expert designers and thus 
the child users’ creativity was fundamentally bounded. Kafai’s studies of children as 
programmers demonstrates that there are benefits to enabling children to become producers 
of games. Following the principles of constructionism that argue that improved learning 
can be obtained by allowing children to create learning environments themselves, Kafai 
(1996) allowed children to produce their own simple games by using programming skills. 
Her studies showed that this process did indeed appear to lead to ‘deeper learning’ with her 
participants acquiring such transferable skills as planning and problem solving (Kafai, in 
Kafai and Resnick, 1996).  

Given the success of Kafai’s constructionist approach it is thus reasonable to suggest 
that the educational benefits of Ghostwriter could be strengthened by enabling children to 
create their own stories in virtual environments - this is what the Adventure Author project 
(Robertson and Good, 2004) aims to explore. By developing an authoring tool to allow 
children to create interactive narrative adventures stylistically similar to that of Ghostwriter, 
Adventure Author examines whether it would be possible to capitalise on the benefits of 
that previous project.  
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This undergraduate student project was a part of Adventure Author, aiming to directly 
explore the concepts at its heart. It attempted to formalize a system for visually representing 
interactive narrative that could constitute the core of the Adventure Author project as the 
next logical step in the development of AdventureAuthor, a 3D virtual environment 
authoring tool. It then investigated whether children of the 10-12 target age range for 
AdventureAuthor could understand and generate interactive narratives using this 
representation, in order to provide a solid foundation for the ultimate development of the 
authoring tool. Furthermore it explored whether a computational adventure authoring tool 
might provide support in using the system of interactive narrative by applying the results of 
an evaluation of a paper-based medium for conveying the representational system in 
developing a computer-based medium. 

A Formal System for Interactive Narrative 
 
Previous work on the Adventure Author project showed firstly that children of a suitable 
age enjoyed the type of adventures AdventureAuthor should be capable of creating (Good 
and Robertson, 2003) and secondly that children were capable of devising interactive 
adventures using a commercial authoring adventure tool (Robertson and Good, 2004). 
Given this, it was essential that this subsequent project tie down and examine the concepts 
of interactive narrative that underlie both results; in order to ultimately develop a tool that 
could feasibly assist the creation of interactive narrative it was next necessary to formalize 
a clear conception of interactive narrative and directly explore the extent to which it could 
be understood and generated by children.  

To formalize a system of interactive narrative examples of it were clearly required, 
these were provided by adventure game books. An adventure game book is a piece of 
interactive fiction: a reader is presented with a series of choices following each of its 
narrative sections and the reader’s choice then determines how the narrative proceeds. 

In studying this form of interactive narrative, along with the findings of the previous 
work, a system was determined that was compatible with the formal structure of an 
Augmented Transition Network (ATN), a derivative of a State Transition Network (STN) 
(Gazdar and Mellish, 1989). Essentially, an interactive narrative is visualised as a network 
of connected ‘scenes’: there is a single start scene with multiple interim and end scenes and 
multiple transitions between these scenes; where each scene must have a description of the 
narrative and a series of choices each motivating a transition. Taking each scene as a state 
in an ATN the representational system for interactive narrative was thus formalized (see 
Figure 1 and Figure 2 for the full formal system). 

 

 
Figure 1 (Left): A formalised representation of a system state (or ‘scene’), annotated with content areas 

Figure 2 (Right): A representation of interactive narrative as an augmented transition network  
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Evaluation of a Paper-Based Medium 
 
The extent to which children could understand and generate the formal system was first 
evaluated through a paper-based medium. A paper-based medium and not a computational 
one was used at this stage to allow it to inform the design of a computational medium in 
controlling risk and also determining areas in which support to users of the system might be 
provided.  

The evaluation took place with six children of AdventureAuthor’s target age range, 
with these children also selected as fair representatives for this age range. The children first 
participated as a group in an interactive narrative by being told it orally and at each scene 
voting for which choice they preferred. The interactive narrative was developed by the 
researchers using the formal system to allow that after participating in the interactive 
narrative the children were shown the formal representation of it via a large paper chart (see 
Figure 3) and were questioned concerning their understanding of it.  
 

 
Figure 3: A section of the paper chart used to represent the interactive narrative 

 
Finally they were tasked as a group to generate their own equivalent interactive 

narrative using the formal system. In order to instigate the generation the children were 
provided with the stimulus of ‘Goldilocks and Three Bears’, beyond this the researchers 
only assisted them in terms of facilitation, ensuring that each of the group members 
opinions could be heard but providing no advice on how a valid representation could be 
realised. 

The evaluation found that the children were, as a group, able to understand and 
generate the system of interactive narrative using the paper-based medium, with the 
participants also appearing motivationally engaged throughout the process. The participants 
were able to correctly identify attributes of the formal system when presented with the 
paper chart representation of the sample story and questioned concerning it. Further the 
‘Goldilocks’ narrative generated by the participants featured not only the full system of 
interactivity but was of a higher complexity than that of the sample they had experienced - 
suggesting clear understanding of the formal system in addition to generational ability. 
Despite their ultimate comprehension success, areas of difficulty were observed during 
generation in terms of managing the data of the narrative’s multiple scenes, validating the 
ultimate representational system structure, and avoiding distraction from the core 
generation task.  

Implementation of a Computer-Based Medium 
 
In developing a computer based-medium that could be used to convey the formal system 
there were two criteria: that it retain the successful fundamentals encountered with the 
paper-based medium while ameliorating the difficulties, and that it provide a reasonable 
foundation for the ultimate AdventureAuthor tool. The initial prototype (AA2D), which 
was to be used to test the interactive story representation, was simplified to enable users to 
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produce text based interactive stories with 2D illustrations - it was this prototype that was 
utilised in meeting the first criterion. Based on the success of AA2D, a further prototype 
(AA3D) has been developed which uses the same visual representation for interactive 
stories but which enables users to create 3D computer games rather than text based 
adventure games thus meeting the second criterion in providing a foundation for the further 
development of AdventureAuthor. AA3D is described briefly in Robertson (2004).  
 

 
Figure 4: The Scene Editor mode of AA2D showing (right) the overview displaying the structure of the 

interactive narrative and (left) the editable details of an individual narrative scene 
 

The interface of AA2D fully allows both the generation and subsequent participation in 
interactive narrative: interactive adventures compatible with the formal system can be 
visually generated using AA2D’s Scene Editor (see Figure 4) and then played using 
AA2D’s Game Engine (see Figure 5). The SceneEditor enables the user to view and edit 
the attributes of scenes in a story, including the scene title, a textual description, an 
illustration and choices leading to other scenes. The Scene Editor’s Overview Panel is 
based on the representation used in the paper chart, as scenes are generated and interlinked 
using choices this is consistently represented in the overview panel as it dynamically 
updates with a graphical representation of the current system structure. 
 

 
Figure 5: A standard screen in AA2D’s Game Engine showing the details and choices of a scene to a player in 

the interactive narrative 
 

During the generation process AA2D’s Scene Editor interface also directly provides 
support in those areas identified in the paper-based evaluation: management of scenes and 
scene data is ensured as each scene is visually represented and uniquely identifiable; an 
automatic story checker is provided to ensure developed narratives’ structures are formally 
valid, with intelligent feedback given to users concerning any structural problems 
uncovered; and the user stays focused on the core task of generating the formal system due 
to the interface preventing users from becoming distracted into illustrating their own scene 
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images and the like as they are given no such opportunities. AA2D also provides logging 
and monitoring facilities to allow detailed analysis of individual behaviour.  

Evaluation of a Computer-Based Medium 
 
AA2D was evaluated using the same six children that previously participated in the paper-
based evaluation both because of them being known to be representative for their age range 
and due to their familiarity with the paper-based medium that could then allow them to 
express preference. The children individually played through a sample interactive narrative 
generated with AA2D using AA2D’s Game Engine and were then individually questioned 
on it using a worksheet. After this they examined the structure of the narrative they had just 
played using AA2D’s Scene Editor with their understanding of the Scene Editor assessed 
through a further worksheet. Next, after receiving a tutorial on its usage, they were tasked 
to individually generate their own interactive adventure using AA2D with each of their 
interactive narratives then being analysed to gauge comprehension. Finally the children 
were interviewed, gaining their opinions on both AA2D and the paper-based medium. 

In answering the first worksheet administered after playing the narrative each of the 
participants showed understanding of its nature: all correctly understood the interactive 
element that differentiated it from traditional fiction. This worksheet also suggested the 
participation had been engaging with all recalling in detail the paths they had taken through 
the narrative. This was further enforced as no participants expressed negativity to the 
question of whether they had enjoyed the narrative. 

The second worksheet addressing the Scene Editor also demonstrated the participants’ 
understanding. Five of the six participants correctly identified that the Scene Editor 
displayed a representation of the narrative they had just played. The five questions 
subsequent to this objectively examined other attributes of the representation. All 
participants responded successfully: three participants got the maximum score of 5, two got 
4, and one got 3 – all being predominantly correct. 

During the generation phase participants were able to request assistance with AA2D 
from the researchers. Every time a participant did this their query was noted; all participants 
asked for assistance at least once however the average total queries was six which factored 
as only one every 7.5 minutes. Significantly, all participants had generated interactive 
narratives at the end of the generation phase, with all narratives featuring multiple endings. 
The narratives generated varied in size from 5 scenes to 9 scenes, with an average size of 6 
scenes 3 of these being endings – that there were three narrative outcomes on average 
shows clear ability to use the system for interactive narrative. 

In interview all children explicitly commented that they had enjoyed using AA2D and 
would be happy to use it again. They also suggested a number of improvements to AA2D 
such as the ability to record audible dialogue and an automated tutorial. On whether they 
preferred AA2D to the paper-based medium they were not certain, with equal numbers 
preferring each medium and their justifications unclear. 

Conclusions 
 
The project provides a solid foundation from which the potentially valuable Adventure 
Author project can continue. By developing a clear formalisation of interactive narrative 
and then clearly showing that children of the target age group can both understand and 
generate it, the ultimate AdventureAuthor virtual environment authoring tool can now be 
seen to be viable. In providing the validated representational structure used in the further 
AA3D prototype this valuable support is directly evident. Furthermore, given that all 
experimental participants were admittedly engaged by their experiences and that the 
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initially surveyed literature suggests the educational benefits of their production, this 
project has shown that such further exploration into interactive narrative through virtual 
environments has real educational potential. 

Beyond suggesting that the Adventure Author project is worthy of continuation, this 
project also provides a number of immediate avenues for interesting further research: an 
exploration into whether, with its efforts to provide support, AA2D is a preferable learning 
environment to the paper-based medium in conveying the system of interactive narrative; a 
detailed examination of the structural complexities of interactive narratives as developed by 
different candidates; and perhaps most interesting, an examination of whether long term 
usage of the paper-based medium or AA2D does bring educational benefits to writing 
skills. Such studies should be conducted with larger samples of children to provide a 
significant corpus of data. 
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Abstract. Bayesian belief networks have been widely used in student and user
modelling. Their construction is the main difficulty for their use in student modelling.
The choices made about their structures (especially the arcs orientation) have
consequences in terms of information circulation.
The analysis we present here is that the network structure depends on the expertise
level of the student. Consequently, the evolution of the network should not only be
numerical (update of the probabilities) but also structural. Hence, we propose a model
constituted of different networks in order to take into account these evolutions.

Introduction

Bayesian networks have been successfully used for student modelling in many different
systems. The purposes and functionalities of those systems vary a lot. Some of them are only
dedicated to evaluate the student's competence [9], while some others make it possible to
recognise the plan followed by the learner [5]. Moreover, they have been implemented in
different framework : in “traditional” ITS, in Open Learning Environment [2] or as a base for
inspectable models [15]. This variety of uses advocates for Bayesian networks in the
implementation of student models.

A Bayesian network is a graphical knowledge representation in which each node of the
network represents a random variable. The topology of the graph takes into account the
dependencies between variables. More precisely [1], [13], a Bayesian network (or belief
network) is a directed acyclic graph whose nodes are in a one-to-one correspondence with n
random variables nX,,X …1  such that 

( ) ( )( )∏…
n

=i
iin XPa|XP=X,,XP

1
1

where ( )iXPa  is the set of parents of iX . The structure of the graph is in fact a translation of
the conditional dependencies between the random variables, and thus it has an influence on the
information circulation. Once the network specified, inferences can be made. The classical
inference in a Bayesian network is an update of the probabilities, that is to say the calculation
of the posterior probabilities of the unobserved variables when an evidence is observed.
Whereas the abductive inference is the research of the most probable explanation of an
evidence.

In this paper we present some issues raised by the development of the BSMod (Bayesian
Student Modeler) project. The purpose of this project is twofold, first to highlight the problems
that appear when Bayesian networks are used in learner modelling and propose solutions to
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solve them, secondly to implement a tool, focused on student modelling, to edit and run
Bayesian networks.

Our key ideas are the following ones.
1. The traditional causal interpretation of the arcs orientation is not adequate in the case of

cognitive tasks modelling. The analysis of the flow of information in the network, on the
other hand, provides the most important clues to determine its structure.

2. A student model based on Bayesian network should be constituted of several networks, with
different structures, in order to take into account the evolution of the student's knowledge
structure.

The existence of structural differences between experts and novices knowledge and
problems representations motivates the second point. These differences have been studied and
highlighted in cognitive psychology [4], [12]. For instance, we present in figure 1 two semantic
graphs: the first one is the quadrilaterals categorization made by a novice and the second one is
the corresponding expert's knowledge representation. The novice sees the square as a particular
quadrilateral, as the rectangle or the rhombus, whereas the expert knows that the square is at
the same time a rectangle and a rhombus.

In the first section we discuss some of the issues raised by the use of Bayesian networks
in student modelling, in section 3 we explain how to operate with different networks in the
same model, and finally we present some conclusions and further developments.

Figure 1. Two different categorizations of quadrilatrerals

1. Construction of the Bayesian networks in student modelling

1.1 Bayesian networks construction

The complete specification of a Bayesian network requires the definition of both its
structure (a directed acyclic graph) and parameters (the probability tables). This can be done
either by experts' knowledge elicitation, using machine learning, or even by mixing both
approaches.

In the case of knowledge elicitation, the definition of the network structure begins with
the collection of the possible nodes. A distinction is made between informational variables (the
ones that can be observed) and hypothetical ones. The presence of an arc is the expression of
the potential influence between two variables. Usually arc orientation is analysed in terms of
causality : the existence of an arc from A to B means that A is one of the causes of B. In
section 3 we will discuss the difficulty of such an interpretation in the case of learner
modelling. The parameters are determined in an approximative way, using qualitative
information.

There are two different manners to learn a network from data : the statistical one and the
Bayesian one. In the case of the statistical learning, the maximum likelihood method is used,
whereas in the case of the Bayesian learning it is the maximum a posteriori estimate that serves
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as a criteria for learning. The Bayesian learning consists in choosing the model that has the
highest probability given the data. As we will explain later, we got inspiration from this
approach because we want to take into account different Bayesian networks to model a student.

Even though there is one example (Capit [8]) of a Bayesian student model automatically
built, Bayesian networks used in student modelling are most often determined by experts,
hence we focus on this kind of building methods.

As a first approach we consider an overlay model with only three kinds of nodes : the
knowledge nodes (representing the ability on a particular topic), the know-how nodes
(representing the ability to implement a knowledge in a specific way) and the item nodes
(representing the students answers). The knowledge nodes and the know-how nodes are
hypothetical, whereas  the item nodes are informational.

1.2 Influence of the network structure on the propagation of information

As we have already explained, the existence of an arc form A to B is the translation of a
causal relation between A and B. The problem is that it is not easy to make an analysis in terms
of causes and consequences when one deals with the modelling of cognitive tasks. So we think
that it is useful to look at the orientation of the arcs from the information circulation point of
view.

We illustrate our ideas with two examples.
1. It seems obvious that there must be an arc between the variables Geometry (G)

(representing the general competence in geometry) and Pythagora (P) (representing the
ability in using Pythagora's theorem), but it is difficult to say which one is the cause of the
other. In other words, is a student competent in a particular topic because he/she is
competent in all its sub-topics, or vice-versa ?

2. Does one master a particular know-how because one can solve many problems that require
using it, or is the ability in this know-how the results of many achievements ?

In the first case, let us consider a third variable, Thales (T) (representing the ability in
using Thales's theorem). There are two options : either the arcs are oriented from topic to sub-
topic, or the vice-versa [6]. Figure 2 illustrates the circulation of information obtained with the
bayes-ball algorithm [13] in both cases (system 1 on the left and system 2 on the right). In the
case of a student who would have attended a complete geometry class the first structure is
satisfying : an information about his/her ability to use one of the theorems has an influence on
our beliefs about his/her ability to use the other one. Whereas if the student is a beginner, the
evaluation of a lack of knowledge about Thales' theorem would make system 1 infer that
he/she may also have difficulties with Pythagora's theorem, even though in reality he/she may
not have learnt anything about Thales's theorem yet, but may be really good already at using
Pythagora's. Consequently we think the system 2 offers a better representation of the student
knowledge structure for a beginner : an information about his/her ability to use one of the
theorems has no influence on our beliefs about his/her ability to use the other one. Hence, we
conclude that the orientation of the arcs between knowledge nodes depends on the expertise
level of the student.

Figure 2

G

T TP P
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In the second case, if different items are the expression of the same know-how,
information on any of them has consequences on our beliefs on the others. For instance, the
observation of the student's capacity to use Thales' theorem to calculate a length, makes us
believe that another use of this theorem for the same task will be successful. Consequently the
arcs have to be oriented from the know-how nodes to the item nodes.

These two examples explain why in the case of student modelling the analysis of the
network in terms of information flow is more adequate than the traditional causal
interpretation. It is also a strong argument in favour of the construction of models with
different networks that could take into account the plurality of students knowledge structures.

1.3 Parameters

Different solutions have been proposed to deal with the problem of probability tables
determination [14]. For instance, the systematic use of “noisy and” nodes and “noisy or” nodes
[5] makes the network more readable and facilitates its construction. In this case, the
subjectivity of the parameters has often been the object of discussion [10], but we do not
consider it to be a bias or a default. These figures are subjective, they are the reflection of the
pedagogical and didactical conceptions of the experts. For instance, ( )HowKnowItemP −/
represents the difficulty assigned to an item.

2. The BSMod project

2.1 A model constituted of different networks

Usually the probabilities of a Bayesian network based student model are adapted on-line,
using dynamic Bayesian network techniques [5] in order to take into account the evolution of
the student's performance. We have explained why we think that there is a relationship
between the structure of the network and the level of expertise of the student. During his/her
training, his/her expertise level should vary and consequently, the numerical update we have
just mentioned is not sufficient. There should be an evolution not only of the network
parameters but also of its structure to reflect the changes in the student's knowledge structure.

To take into account these changes, the structure of the model have to vary. The issue is
that the structure of a Bayesian network is fixed. So, in order to deal with this problem, the idea
is to consider a model that is constituted of different sub-models, each one of them being a
Bayesian network. The selection of the most appropriate sub-model is made using abductive
inference. After observation, the most probable explanation is figured out for each network,

( )( )evVPv
eVv

abd
i ==

∈ \
maxarg , where i denotes the network and e the evidence observed. Each

of those explanations has a probability ( )evVP abd
i= , and this probability is the criteria used

for the determination of the sub-model that fits the best. In other words, the model selected is
the one that presents the most probable configuration of its variables with the highest
probability among the models. This approach is close to the Bayesian learning approach (cf.
1.1), the main difference is the criteria used to measure the sub-model accuracy. We decide to
use the criteria described above instead of the maximum a posteriori to avoid giving
probabilities to the sub-models.
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2.2 the BSMod tool

We plan to implement a tool dedicated to the use of the Bayesian networks for student
modelling, BSMod (Bayesian Student Modeler) which is based on BNJ (Bayesian Network for
Java), an open source application mainly developed by the Kansas State University. The
BSMod GUI is presented in figure 4. The colours of the nodes (shades of grey in figure 3)
represent their natures (knowledge; know-how or item nodes), and the network depicted here is
organized in two layers : the domain layer (knowledge and know-how nodes) and the activity
layer (item nodes).

This tool implements all the functionalities to edit and run a Bayesian network, but it
must also be able to handle generic or typed nodes, such as the “noisy and” nodes or the
knowledge nodes. We will have to specify a special saving format (XML based) in order to
store the specific kinds of information described above. For instance, once a Bayesian network
is loaded, one should be able to change the parameters globally.

Moreover, BSMod should enable us to test our hypothesis about multi-networks model.
We plan to use data taken from the use of PEPITE [7], a diagnosis system, and we will test
whether or not it is possible to detect different sub-models.

Figure 3. The BSMod GUI
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3. Conclusion

The ability of the Bayesian networks to manage uncertainty in student modelling, as
shown by the implementations of different systems, justify the development of a dedicated tool
such as BSMod. This tool should make it possible to find more easily solutions to the problems
of Bayesian networks building in student modelling more easily and to manage the plurality of
networks in the same model.

We think that the notion of a student model constituted with different networks is really
important. It should make it possible to take into account not only quantitative changes but also
structural changes in the student knowledge. The expert is not only the one who knows more,
but also the one who knows differently, whose knowledge is organised differently. At this
stage of our research, we suggest that only the arcs orientation will vary from one sub-model to
another, but one could decide to change the nodes as well.

The paradigm of multi-networks student model can be extended by allowing the sub-
models not to be confined to Bayesian networks. Hence different conceptions could be
embedded in the same student model.

References

[1] A. Becker, P. Naïm. Les réseaux bayesiens, modèles graphiques de connaissances, Eyrolles, 2001.
[2] A. Bunt, C. Conati. Probabilistic student modelling to improve exploratory behaviour, in Journal of User
Modeling and User-Adapted Interaction, volume 13 (3), pages 269-309, 2003.
[3] W. L. Buntine. Operations for learning with graphical models, Journal of Artificial Intelligence Research,
volume2, n°, pages159-225, 1994.
[4] Chi, M.T.H., Feltovitch, P.J., & Glaser, R. (1981). Categorization and representation of physics problems
by experts and novices. Cognitive Science, 5, 121-152.
[5] C. Conati, A. Gertner, K. Vanlehn. Using Bayesian networks to manage uncertainty in student modeling,
in Journal of User Modeling and User-Adapted Interaction, volume 12 (4), pages371-417, 2002.
[6] A. Jameson. Numerical uncertainty management in user and student modeling: an overview of systems
and issues, in User- Adapted Interaction, volume 5 (3-4), n°5, pages193-251, 1996.
[7] S. Jean. PÉPITE : un système d'assistance au diagnostic de compétences, Thèse de doctorat de
l'Université du Maine, 2000.
[8] M. Mayo, A. Mitrovic. Optimising ITS behaviour with Bayesian networks and decision theory, in
International Journal of Artificial Intelligence in Education, n°12, pages124-153, 2001.
[9] R. Myslevy, D. Gitomer. The role of probability-based inference in an intelligent tutoring system, in
User-Modeling and User- Adapted Interaction, n°5, pages 253-282, 1996.
[10] R. Mislevy, G. Almond,D. Yan, L. Steinberg. Bayes nets in educational assessment: Where the numbers
come from, in Proceedings of the Fifteenth Conference on Uncertainty in Artificial Intelligence, K.B. Laskey &
H.Prade Eds, pages 437-446, 1999.
[11] J. Pearl. Probabilistic Reasoning in Intelligent System, Morgan Kaufmann, 1988.
[12] E. Rosch, Principles of categorization, in Cognition and categorization, E. Rosch & B.B. Lloyd
(Eds.),pages 27-48, Hillsdale, NJ: Erlbaum, 1978.
[13] R. D.Shachter. Bayes-Ball: The Rational Pastime (for Determining Irrelevance and Requisite Information
in Belief Networks and Influence Diagrams), in Uncertainty in Artificial Intelligence: Proceedings of the
Fourteenth Conference, pages 480-487,  San Francisco, CA: Morgan Kaufmann 1998.
[14] K. Vanlehn, Z. Niu, S. Silver, A. Gertner. Student modeling from conventional test data: a Bayesian
approach without priors, in Lecture Notes in Computer Science, n°1452, 1998.
[15] J.-D. Zapata-Rivera, J. Greer. Student Model Accuracy using Inspectable Bayesian Student Models, in
Proceedings of the Eleventh Conference on Artificial Intelligence in Education, U. Hoppe, F. Verdejo, J. Kay
eds, IOS Press, pages 65-72, 2003.

        AIED 2005 - Young Researcher Track Proceedings

Page 62

http://www.stanford.edu/dept/MSandE/faculty/shachter/pubs/bayesbl.pdf
http://www.stanford.edu/dept/MSandE/faculty/shachter/pubs/bayesbl.pdf


 
 

Subsymbolic User Modeling in Adaptive 
Hypermedia 

 
 

Young Research Track paper (YRT) 
 

Katja HOFMANN 
 

Math and Computer Science Department, 
 California State University, East Bay, 

25800 Carlos Bee Blvd., Hayward, CA 94542, USA 
Phone +1(510) 885-7559 

E-mail khofmann@horizon.csuhayward.edu 
 
 

Abstract. This paper describes ongoing research on adaptive online-tutorials. I want to 
find out how subsymbolic machine leaning techniques can be used to cluster users 
according to their browsing behavior, and if the resulting clustering can be used to 
adapt the navigation of online tutorials to students' characteristics like background 
knowledge, learning style, and learning goals. Results of this research will help to 
adapt to a users’ characteristics without explicitly modeling a complete decision 
making process. The presented research builds on the Adaptive Collaborative UNIX 
Tutorial (ACUT) that was designed to support collaborative learning of topics on the 
UNIX operating system. ACUT uses social navigation and aims at increasing retention 
of Computer Science students without extensive knowledge on UNIX, especially 
women and minority students. User modeling using sub-symbolic clustering uses self-
organizing techniques to learn about the inherent clusters in user behavior. I will use a 
combination of neural networks and fuzzy sets to form clusters according to student 
behavior. Empirical evaluation will be used to verify the validity of the resulting 
clustering and adaptation mechanism. Its results will give evidence on whether and 
how subsymbolic clustering can be applied to user modeling and adaptation. 
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1. Introduction 
 
The goal of adaptation in educational hypermedia is to provide customized content, navigation, 
presentation, or feedback, in order to improve the user’s learning and retention. An example for 
adaptivity would be to adapt the provided content to the learning style of each user: some users 
learn better from textual information, some prefer a lot of pictures, and others might learn best 
from examples. To prevent new users from getting lost in a large amount of information, an 
adaptive tutorial could customize navigation to fit the goals and characteristics of the user [9].  

To adapt to these characteristics, a hypermedia system needs to maintain a user model and 
make decisions about the user interface of the system. The student model can contain 
information about the user’s learning process, skills, knowledge, goals or preferences [14].  

Instead of explicitly modeling the user’s attributes, the system could also use clustering 
techniques to build a non-symbolic student model. This approach recognizes patterns in user 
behavior. It groups users with similar behavior, and then makes decisions for members of a 
certain group. This means that the system automatically matches the user’s behavior to a set 
of clusters and creates individual system responses according to the recognized behavior. 

Other approaches that can be used to improve learning with hypermedia systems are 
collaborative learning and social navigation. Collaborative learning includes the learning 
companions of a user explicitly in the learning process. For example the system can show 
when other students are using the system, allow contacting other students, or give support for 
forming study groups.  

Social navigation is a phenomenon of human interaction: when we have difficulties making 
decisions we tend to imitate the behavior of others. In ‘real life’ this can mean that we see 
people sitting inside a restaurant and decide to go there, rather than to the empty restaurant next 
door (implicit social navigation). Another example would be if we ask a friend for advice about 
which digital camera to buy (explicit social navigation). In adaptive hypermedia implicit social 
navigation would include visualization of the number of visits other students made to a certain 
page of the tutorial. An example for explicit social navigation would be to allow students to 
make comments, or give feedback about whether they found a piece of information helpful or 
not [2], [11].  
 
 
2. Symbolic and Subsymbolic User Modeling in Adaptive Hypermedia 
 
The most frequently used approach to user modeling in adaptive hypermedia is the use of 
symbolic machine learning techniques. This approach tries to infer explicit information 
about a student’s knowledge, preferences, or characteristics from the student’s actions 
while using a hypermedia learning system. Sison and Shimura [10] and Weber and 
Brusilovsky [15] describe a number of current systems, which use for example decision 
trees, probabilistic learning, or case-based reasoning to infer student models. 

However, many researchers in the field have come to the conclusion that the 
applicability of symbolic machine learning to adaptive learning systems is inherently 
limited because these techniques do not perform well on noisy, incomplete, or ambiguous 
data. Symbolic learning uses single actions (answering a question, visiting a website) to 
infer complex characteristics of the user in the form of IF…THEN rules (e.g. “IF the user 
can answer these questions correctly, THEN she knows the underlying concept”). This is 
problematic because data on user behavior tends to be very noisy: The user might just have 
guessed the correct answer without really understanding the topic. Or a wrong answer 
might be just a slip, or inattentiveness, rather then a indicating that the student does not 
know the underlying concept. Also, the rules for inferring information are not completely 
known. A student’s long visit to a certain website could mean that she is really interested in 
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the topic, but she might also just have left her computer to get coffee. It is very hard to infer 
complex information about the user based on the observation of single actions [1]. 
 
 
3. Researching a Neuro-Fuzzy Approach to User Clustering 
 
Neural networks and fuzzy systems are subsymbolic machine learning techniques and are a 
very promising approach to deal with the characteristics of data obtained from observing 
user behavior. The two techniques complement each other and have inherent characteristics 
that make them suitable to deal with incomplete and noisy data inherent to user behavior in 
hypermedia systems [12]. Most importantly, this approach can identify similarities in 
underlying patterns of complex, high-dimensional data. 

I want to find out how subsymbolic machine learning can be used to adapt navigation of 
web-based tutorials to the goals, knowledge level and learning style of the student. The first 
step towards this adaptation is to cluster tutorial users based on their interaction behavior. I 
will implement a cluster mechanism that automatically recognizes a specific behavior 
pattern and matches it to a cluster or a set of clusters. For clustering techniques I will 
consider neural networks, fuzzy systems, and combinations of these techniques as described 
by Tettamanzi and Tomassini [12]. The students’ interactions with the tutorial (websites 
visited, time spent there, use of tools, etc.) will be recorded and form the input to the 
clustering mechanism [4].  

After implementing the clustering technique in ACUT I will analyze the resulting 
clusters and compare them to the students’ goals, knowledge level and learning style. I will 
consider the academic level, experience in the problem domain, the student’s own 
assessment, and also the investigator’s assessment of the student’s behavior. This data will 
be collected in focused interviews. The results will show if and how soft computing 
techniques can be used to find patterns in user behavior. 

The resulting clustering will group similar student behavior, which is a representation 
of the patterns underlying this behavior. For example students who have never used the 
tutorial before might show similar behavior in that they are insecure, spend a lot of time on 
each page they look at, and tend to prefer links many other students visited before. My 
hypothesis is that students with similar goals, background knowledge and learning style 
will show similar behavior and will thus be grouped in the same or adjacent clusters. 
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Figure 1: Navigational Adaptation based on subsymbolic clustering 
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By implementing and evaluating a clustering mechanism based on fuzzy systems and 
neural networks I want to test the following hypotheses: 

1. Experience in using online tutorials: The user behavior of students with similar 
levels of experience in using online tutorials can be clustered by using 
subsymbolic machine learning. 

2. Knowledge about the subject: The user behavior of students with similar levels of 
knowledge about the subject matter presented in an online tutorial can be clustered 
by using subsymbolic machine learning. 

Based on the clustering of a student’s behavior the tutorial will recommend documents 
that will probably be most helpful to the student. These documents will be selected by 
considering which documents other students in the same or adjacent clusters used most and 
found most helpful. If the hypotheses are correct, students will receive personalized 
recommendations for documents, which students with similar background preferred. This 
will allow navigational adaptation based on implicit social navigation. 
 
 
4. ACUT 
 
I will base the implementation of the suggested clustering techniques on the existing 
Adaptive Collaborative UNIX Tutorial (ACUT). Rosta Farzan developed ACUT during her 
thesis work.  

With her thesis work Rosta Farzan addressed the problem of insufficient access to 
informal computer education of non-traditional Computer Science students. For non-
traditional CS students it is difficult to learn computer skills required for successful CS 
studies. Traditional students obtain this knowledge through informal education but it is not 
possible to adequately teach these skills in a formal classroom setting [13], [9].  

The idea behind ACUT is to increase retention of non-traditional Computer Science 
students by forming learner communities and using social navigation in a just-on-time 
learning system to emulate informal education. Farzan analyzed that two reasons for low 
enrollment and high drop-out rates of female and minority students are the lack of informal 
education on functional knowledge about computers and the lack of integration into 
learning communities.  

In task based interviews Rosta evaluated student’s use of online tutorials to analyze 
current online tutorials and induce design principles for the development of ACUT. She 
identified features and methods that would help improve the learning process of less 
experienced learners. Methods for collaborative learning, and social navigation (trail 
following) were developed and implemented in a prototype system [3]. 
 
 
5. Evaluation 
 
After implementing the clustering mechanism I will use empirical evaluation to test my 
hypotheses. Approaches to evaluating a student’s interaction with a learning system and the 
systems impact on the user are not very well developed in the adaptive hypermedia research 
community. Developed evaluation methods can be found in Human Computer Interaction 
research [8], [5]. 

Focused interviews will be used to obtain data on student behavior, as well as 
background knowledge and learning style, which are needed to test the clustering 
mechanism. The user will first be asked to answer a number of questions and will then be 
asked to solve a set of tasks using ACUT. While the subject is solving the tasks the 
interviewer will observe the subject’s interaction with the ACUT tutorial. In addition to the 
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notes the interviewer takes during the session, the user’s interaction with the system, as 
well as her questions and comments, will be videotaped. The system’s logging mechanism 
also keeps track of the user’s actions, which will give us realistic training data for the 
system. All interviewed persons will be students of CSU Hayward. The population will 
consist of 15-20 students, including female and male students from a variety of academic 
levels and age groups.  

The Results of the evaluation will give both information about the effectiveness and 
applicability of the clustering mechanism, and the chosen method for evaluation.  
 

 
 
6. Conclusion 
 
The presented research is a work in progress. Its results will help understand if and how 
users of online tutorial systems can be clustered according to their interaction behavior. 
This will help to create adaptive online tutorials that can automatically adapt to the user, or 
provide feedback to the user. The results will be applicable to the design and development 
of computer based learning systems. 

Future research is needed to carefully evaluate and compare the efficiency of current 
technologies and subsymbolic clustering for user modeling in adaptive hypermedia 
systems. Only systematic evaluation can determine out how learners interact with a tutorial, 
whether online tutorials and collaborative learning can improve knowledge acquisition and 
increase student motivation and retention, and how these systems compare to traditional 
approaches to education.  

The interview begins with questions about basic statistics and the participant’s experience with UNIX 
and the use of online tutorials. Following are examples for the questions that will be asked: 

- How old are you? 
- What is your academic level (college year)? 
- Rank your knowledge about UNIX on a scale from 1 to 5 (1 – no knowledge, 5 - expert). 
- How much time per week do you spend surfing the Internet? 
- How often do you use search engines to find information on the Internet? Which search engines do 

you use? 
- How often do you use the UNIX operating systems? 
- Have you ever learned how to use UNIX in a class? Which? How much time was spent learning 

about the use of UNIX? 

After answering these questions the participant will be asked to answer three questions about the UNIX 
operating system. The participant will be asked to use the tutorial to answer the questions and to explain 
her thought process during finding these answers. 

- What is a “home directory”? 
- How do you change the access rights of a file? 
- How can you display all files in your home directory that contain the phrase “Hello, World!”? 

I will use different tasks of different difficulty. The tasks to solve will be matched with the participant’s 
experience in using the UNIX operating system. Ideally the participant does not know the answer right 
away, but is able to solve the task with the help of the online tutorial.  
Finally, I will ask the participant to asses the difficulty of the tasks she had to solve, and the usability of 
the overall system: 

- Rank the difficulty of each of the tasks you performed on a scale from 1-5 (1 – very easy, 5 – very 
hard). 

- Rank the difficulty of finding the required information within this tutorial on a scale from 1 to 5 (1 – 
very easy, 5 – very hard). 

- For which situations would you recommend the use of this tutorial? 

Figure 2: Example interview protocol for the evaluation of ACUT 
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Abstract. This pilot study was designed to systematically synthesize the results of 
research on pedagogical agents in the aspect of multimedia design elements, by using a 
meta-analysis technique.  A categorical fixed model was applied and a total of five 
different predictors including moderate variables (author group, duration and subject 
matter) as well as main variables (treatment, outcome) were investigated.  Results in 
this study suggested that the presence of a pedagogical agent transmitted the effect of 
multimedia design elements, which were created by technological support consistently 
across the studies, on learning outcomes, even though the effect of each variable could 
not be verified.  Discussion focused on pedagogical agents in the context of the 
reciprocal relationship between psychology and technology and its impact on learning 
outcomes.   
 
 
 

Introduction 
 
This study aimed at synthesizing the results of experimental research on the effect of 
multimedia elements in pedagogical agents on learning outcomes by using a meta-analysis 
technique.  While a meta-analysis technique is often involved with a large sample size 
encompassing over 100 studies sometimes, this study intended to incorporate a relatively small 
sample size, as a pilot study.  This pilot study targeted the overall effects of treatments that 
varied according to design elements and learning outcomes.  
 
1. Reciprocal Relationship between Technology and Psychology 
 
The advance of technology has been proven to facilitate learning activity and enhance learning 
outcomes in various instructional settings. As Salomon and Almog have pointed out [1], 
technology and instruction have recently entered into an alliance of reciprocal influences.  
Technologies do not just serve education, but have been challenging it and demanding new 
psychological explanations and pedagogical justifications.  
 It is natural for the instructional technologist to desire to get the strongest possible effect 
of technology on learning outcomes and make it last longer in learners’ cognition and 
affection. Salomon and Almog classified the effect of technology into two types, effects with 
and effects of [1].  A distinction between effects with a technology and the more lasting effects 
of it can be introduced for conceptual and practical clarification.  More clearly, whereas the 
former pertains to the immediate changes that take place while students engage in an 
intellectual partnership with a helpful tool, the latter pertains to the more lasting changes that 
this partnership may lead to.  Instructional technologists and designers aim at getting both 
effects with and effects of.    

        AIED 2005 - Young Researcher Track Proceedings

Page 69

http://ritl.fsu.edu/
mailto:syk02c@fsu.edu


 A pedagogical agent is the most advanced and integrated form of technology application 
in that it enhances both effects with and effects of through the social interaction between 
interface and learners.  Research has verified that pedagogical agents have the tendency to 
facilitate human-computer interaction through their faces, gestures and voices, and affect 
learners’ cognition and emotion [2,4,6,8,11].   
 A pedagogical agent can be defined as a lifelike autonomous character which cohabits 
learning environments with students to create rich, face-to-face learning interactions [2].  In 
1996, the work of Reeves and Nass demonstrated a life-like agent by using 
anthropomorphizing software [3].  This first attempt has rapidly evolved into a three-
dimensional, animated agent that shows human-like characteristics such as gender, role, 
ethnicity and personality through its image and voice [4,9]. Previous research suggests that 
lifelike agents have a strong motivational effect [4], promote learners’ cognitive engagement 
[2], and that the presence of an agent with voice can have a positive effective on learning and 
motivation [5]. Instructional designers consider the effect of these multimedia design elements 
to represent different persona on learning outcomes including perception, attitude, and 
motivation as well as recall and transfer.  
 However, the results of research on pedagogical agents are somewhat varied across 
studies due to the nature of the embryo stage.  For instance, no agent condition would be better 
than an agent with gesture condition in recall and retention [6], while the narration with the 
presence of pedagogical agent affected learning and motivation positively [7]. In addition, 
Moreno and Mayer (unpublished) insisted that both visual and auditory elements in 
pedagogical agents affected learners’ recall and near-transfer positively[8], while there were 
several articles showing no significant influence of a pedagogical agent on learning including 
recall and transfer [9]. More importantly, there has been an argument regarding the split-
attention effect versus the presented modality effect of visual and auditory design elements. 
The split-attention effect occurs when students must split their attention between multiple 
sources of information, which results in a heavy cognitive load, while presentation-modality 
effects suggest that working memory has partially independent processors for handling visual 
and auditory material [10].   
 This study intended to clearly explain the overall effect of multimedia elements across 
studies on pedagogical agents and to try to find a consensus regarding the role of multimedia 
elements in the effectiveness of pedagogical agents.   
 
2. Multimedia Design Elements  
 
2.1 Auditory Elements    
 
The auditory effects of pedagogical agents provide learners with the chance of social dialogue 
as a type of human-computer interaction. The condition including auditory elements in 
experimental research frequently contrasts with the text-only condition to verify the cognitive 
load theory.  When we provide text with auditory effects, it is more effective in getting and 
keeping students attention [11]. However, students’ recall degrades after being exposed to 
text with voices [7].  
 
2.2 Visual Elements   
 
The researchers in instructional technology have studied the effect of visual aspects of 
pedagogical agents. On the one hand, the images of pedagogical agents have been studied by 
encompassing the differences of their colors and shapes.  As the gestalt of visual formation, 
agent appearances constructed by different colors and shapes represent role, gender and 
ethnicity [4]. Pedagogical agents’ gender and ethnicity influence learners’ preference, and 
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agents’ instructional roles, such as mentor, expert and motivator, as well as their personality, 
could affect learners’ achievement and motivation. In addition to the image as agent 
appearance, the effect of animation can be also considered as a type of visual element. The 
dynamic movement of pedagogical agents also influenced learners’ motivation [4].    
 
3. Learning Outcomes 
 
Learning outcomes that researchers have investigated in pedagogical agents can be divided 
into five subcategories: recall, transfer, preference, perception and motivation.  In addition to 
this, recently, the affective aspect of learning, as well as the cognitive aspect, has been 
highlighted. When we consider the affective aspect of learning outcomes as well as the 
cognitive aspect, Bloom’s taxonomy of learning outcomes would be useful for a better 
explanation. Bloom’s taxonomy provides a traditional framework of understanding learning 
outcomes with two categories: cognitive outcomes and affective outcomes [12].  According to 
this classification of learning outcomes, the various results of pedagogical agent research can 
be incorporated and interpreted in a more systematic way, with a meta-analysis technique.   
 However, learners’ motivation could not be classified simply as either cognitive or 
affective outcomes because motivation arouses learners’ thoughts as well as emotion.   
 
 

Methods 
 
A meta-analysis was used for this study to synthesize the results of pedagogical agent 
research.  Through the coding process, the conceptual aspect of multimedia design elements 
and learning outcomes can be more clearly identified.  The results of this meta-analysis can 
provide in-depth understanding about pedagogical agent research in a more systematic way.  
 
1. Data Collection 
 
1.1 Literature Searches   
 
Twelve different experimental studies of pedagogical agents by five different authors were 
included in this meta-analysis.  All retrieved articles were about the multimedia element in 
pedagogical agents. In the first step, 8 articles were considered based on the recommendations 
of colleagues who were experts in pedagogical agent studies.  For the second step, references 
in these articles were reviewed as sources of additional studies.  In the next step, the five 
different computer data bases (ERIC, Psychinfo, Kluwer, ProQuest, and ABI) were used to 
search articles with keywords (pedagogical agent, multimedia, visual and audio, etc.).  
Finally, through the Google search engine, hard-to-find literature, such as unpublished 
manuscripts, was retrieved. Unpublished manuscripts as well as published articles were used 
for this meta-analysis to avoid biased retrieval of searching only the major journals, which 
may selectively publish only the results characterized by lower p values and larger effect sizes 
[13].   
 
1.2  Criteria for inclusion 
   
A total of 48 articles were retrieved, which investigated the effect of visual and auditory 
design elements of pedagogical agents on learning outcomes. Among them, experimental 
studies were selected and qualitative studies were excluded. Studies which reported mean, 
standard deviation, and sample size appropriately were included so that the effect size could 
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be calculated. Non-significant results as well as significant results were incorporated as long 
as appropriate descriptive data were reported to avoid selection bias.  
    
2. Study Characteristics 
 
During the coding process, publication year, journal/conference title, type of source (journal 
article, conference proceeding, unpublished manuscript, etc.), and authors characteristics were 
recorded on the coding sheet. Table 1 shows a brief summarization of the characteristics of 
the primary studies.  Three variables, author group, duration and subject matter were 
examined as moderate variables in this study.  
 
Table 1. Study Characteristics 

No.  Year Type 
Sponsored 
by Population Major Subject matter 

Duration 
(min.) Assignment 

1 2002 Published Naval 
Research 

Educational 
Psychology 

Mathematics 50 Random 

2 2003 Unpublished NSF Education Instructional 
Planning 

90 Random 

3 2003 Unpublished N/A Education Instructional 
Planning 

75 Random 

4 2003 Published NSF Education Instructional 
Planning 

90 Random 

5 2004 Unpublished NSF Mixed Instructional 
Planning 

20 Random 

6 2002 Unpublished N/A Psychology Lightning 5 Non-random 
7 2002 Published Naval 

Research 
Psychology Lightning 5 Random 

8 2001 Unpublished N/A Psychology Design a Plant 15 Random 
9 2003 Unpublished NSF Psychology Blood pressure 15 Non-random 
10 2002 Published NSF Psychology Design a Plant 15 Random 
11 2003 Unpublished N/A Mixed Instructional 

Planning 
20 Random 

12 2004 Unpublished N/A English 
(Japanese) 

English idiom 15 Random 

 
 During the coding process, it was established that there were two pedagogical research 
groups in this study.  The first group was the interface design oriented group and the second 
group was the psychological theory oriented group.  The first group conducted research based 
on various theories encompassing education, sociology and psychology.  For example, this 
group was concerned with Bandura’s self efficacy theory, social interaction, gender issues, 
etc.  The second group conducted their research based on the cognitive load theory and 
examined the effect of different design elements. 
 The duration of the experiment, which varied from 5 minutes to 90 minutes, was also an 
interesting issue in this meta analysis.  In experimental research, the treatment effect cannot 
be guaranteed with the duration, whether it is long or short. However, it would be better to 
examine whether the duration of the experiment affected effect size or not.   
 The coding sheet indicated that there would be some discrepancy between participants’ 
major and the subject of the instructional material.  For example, one study used instructional 
material regarding basic metrology to students in a psychology major. This also needed to be 
investigated because the material which was new to participants could either arouse more 
curiosity or deteriorate their motivation. 
 A quality assessment coding sheet was developed separately to keep an objective point 
of view in evaluating the quality of studies. There were several issues regarding study quality. 
Three studies among twelve conducted random assignments; most studies used a single item 
to measure one construction such as motivation or recall with five Likert scale and did not 
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report the reliability; five studies out of twelve did not use preset alpha; one study reported 5 
different alpha levels.   
 
3. Selection of Variables 
 
3.1 Treatment: Multimedia design elements   
 
The treatment variable was classified into four different levels; (1) auditory, (2) visual image, 
(3) visual image plus animation, (4) visual image plus social meaning (role, gender, ethnicity, 
etc.).  The voice effect of the pedagogical agent was focused and mainly contrasted with text-
only in condition. The visual effect of pedagogical agents had different levels of application: 
(1) the effect of the visual presence of pedagogical agents (2) the effects of animated 
pedagogical agents (3) the effects of social meanings that the visual image contained, such as 
instructional role (expert vs. motivator), gender, and ethnicity.   
 
3.2 Learning outcomes   
 
As learning outcomes, research on pedagogical agents considered cognitive outcome, 
affective outcome and motivation.  
 The positive effect of pedagogical agents on learners’ motivation has been proved 
through almost all studies in the field of pedagogical agents. No primary studies in this meta-
analysis ignored motivation as a learning outcome. However, learners’ motivation has both 
cognitive and affective aspects [14, 15]; therefore, it was treated as a separate learning 
outcome in this analysis.  
 
4. Effect Size Estimates 
 
The key to meta-analysis is defining an effect size statistic capable of representing the 
quantitative findings of a set of research studies in a standardized form that permits 
meaningful numerical comparison and analysis across the studies [16]. In brief, effect size 
estimates are the meta-analytic coin of the realm [13]. Effect sizes in this meta-analysis were 
estimated as g-statistics by using mean and standard deviation.  A total of 28 different effect 
sizes from 12 different studies were obtained and incorporated in this data set.   
 

Results 
 
Through the process of model specification, a categorical fixed model was applied and a total 
of five different predictors including moderate variables (author group, duration and subject 
matter) as well as main variables (treatment, outcome) were investigated in this study.   
 
1. Preliminary Analysis  
Four outliers were detected based on the standardized residuals and confidence interval plot. 
The confidence interval plot also suggested that there would be possible outliers (refer to 
Figure 1.) After cleaning four outliers, Q statistics were changed from 316.10 (p<0.05) to 
56.26 (p<0.001) and Birge’s ratio was changed from 11.71 to 2.45. Therefore, it was 
concluded that eliminating four outliers would be reasonable for further analysis.  
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     Figure 1.  Confidence Interval Plot      Figure 2.  Funnel Plot 
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 A funnel plot is used for the detection of publication bias. Publication bias occurs when 
studies reporting statistically significant results are published and studies reporting less 
significant results are not [13]. This plot was constructed by using the sample size (n) with 
corresponding effect size. The data set was created to avoid publication bias by incorporating 
unpublished manuscripts as well as non-significant results.  The overall shape looks roughly 
like a funnel so that we can conclude that there was no publication bias in this meta-analysis.  
  Overall homogeneity analysis is conducted to test whether the results appear similar 
across studies with Q statistics. The Q total in this study is 56.258 and the associated p-value 
is 0.0001.  Therefore, we can reject the null in which there would be no difference among 
effect sizes at the preset alpha 0.05. This means that the variability of the effect sizes is larger 
than would be expected from sampling error [16].   
 
2. Categorical Fixed Model 
 
A categorical fixed model deals with the meta-analytic data as analogue to ANOVA [16].  
Treatment (Multimedia design elements) was investigated first. The ground mean for group 1 
(auditory) is 0.531, for group 2 (visual image) is 0.292, for group 3 (visual image plus 
animation) is 0.518 and for group 4 (visual image plus social meaning) is 0.583. This 
indicates that the group 2 mean is obviously lower than others. Q total is 27.830, Qbetween is 
4.408, and Qwithin is 23.422.  Each Q statistic is compared with the critical chi-square value.  
The result indicates that the mean effects in all four groups are equal. Qbetween is not 
significant.  
 Table 2 shows the results of investigating the overall effect of outcomes, author group, 
duration, and subject matter.  None of the Q statistics were rejected, whether Qbetween or Qwithin. 
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   Table 2.  Test for each Factor 
 

 
Treatment 

Q statistics Chi-square value Results 

Qbetween 4.408 7.82 (df =3, α =.05) Fail to reject 
Qwithin 23.422 31.41(df =20, α =.05) Fail to reject 
Q total 27.830 35.17(df =23, α =.05) Fail to reject 

Outcome    

Qbetween 2.044 5.99 (df =2, α =.05) Fail to reject 
Qwithin 25.786 33.92(df =21, α =.05) Fail to reject 
Q total 27.830 35.17(df =23, α =.05) Fail to reject 

Author    

Qbetween 3.635 5.99 (df =2, α =.05) Fail to reject 
Qwithin 24.195 33.92(df =21, α =.05) Fail to reject 
Q total 27.830 35.17(df =23, α =.05) Fail to reject 

Duration    

Qbetween 1.736 5.99 (df =2, α =.05) Fail to reject 
Qwithin 26.094 33.92(df =20, α =.05) Fail to reject 
Q total 27.830 35.17(df =23, α =.05) Fail to reject 

Subject    

Qbetween 3.426 3.84 (df =1, α =.05) Fail to reject 
Qwithin 24.405 33.92(df =22, α =.05) Fail to reject 
Q total 27.830 35.17(df =23, α =.05) Fail to reject 

 
 
 
 

Discussion 
 
This pilot study attempted to find the overall effect of multimedia elements and learning 
outcomes through a meta-analysis technique.  A meta-analysis is a systematic cognitive work 
to better understand both the background of studies and the main issues within them.  
 Even though the results of this study could not verify the strong overall effect of each 
variable with Qbetween statistics, it suggested possible factors and, most of all, it has improved 
the understanding of the pedagogical agent research. Results in this pilot study suggested that 
the presence of a pedagogical agent showed the effect of multimedia design elements, which 
were created by technological support consistently across the studies, on learning outcomes, 
even though the effect of each variable could not be verified.  This implied that the presence 
of a pedagogical agent could enhance the effect of technology as well as the effect with it.  
 Furthermore, it would be recommended for the follow up study to get more predictors 
and more samples to acquire more meaningful results. Larger size sample should be required 
for a better meta-analysis. In addition, more studies about affective domains should be 
incorporated.  
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Abstract: Feedback  is  highly  important  within  any  learning  environment.  Providing
feedback  in  a  manner  which  enhances,  rather  than  damages  students  self-esteem is  an
important skill that is seldom taught. The art of good feedback is highly complex and this
complexity is further heightened when the domain is music. Beginning violin students are
faced with a steep learning curve due to the complex nature of the instrument and they may
find  it  difficult  to  believe  that  mastery  of  the  instrument  is  possible.  Shinichi  Suzuki
believed that talent is a product of environment rather than heredity. The research proposed
in this paper involves the development of an Intelligent Tutoring System that provides an
individualised  positive  learning  environment  for  beginning violin  students  practicing  at
home. The pedagogical framework that informs the system is the Suzuki method as it is
based  on  the premise  that  through positive feedback  students  can reach their  potential.
Formative evaluation is carried out to determine if the employment of positive feedback can
increase learning.

Introduction

Feedback  is  a  valuable  and  personal  way  of  improving  individual  learning  outcomes  and
developing rapport between teacher and student. Feedback, when given correctly can increase
motivation and indeed learning. Feedback is important within all educational domains, however
due  to  the  complex  nature  of  music  good  feedback  is  of  the  utmost  importance.  Research
suggests that skill acquisition is most efficient with immediate feedback [1]. The Suzuki method
is based on the premise that talent is a product of environment rather than heredity. It encourages
students to reach their potential through the use of positive feedback. 

The research proposed in this paper is concerned with the development of an Intelligent
Tutoring System (ITS) that uses the Suzuki method to inform its pedagogical framework. The
system monitors the student, infers a student model and delivers feedback on the basis of explicit
teaching strategies. 

The system provides guidance for the student when practicing by identifying melodic and
rhythmic inaccuracies,  providing positive feedback and presenting additional exercises where
appropriate.  Comparing  their  performance  to  the  expert  model  assesses  the  student’s
performance.  The pedagogical  model  employs a number of heuristics and a  priority scale to
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identify which aspect of the performance needs improvement. For example, generally a violin
teacher will correct pitch mistakes before rhythmic mistakes. If necessary the system presents the
student  with  extra  exercises  to  combat  underlying  difficulties.  The  student  model  captures
completed exercises and student progress. The students will be provided with feedback which
highlights their strengths and uses positive reinforcement to overcome any weaknesses they may
have. 

This paper will firstly describe related research that exists to date. The core philosophy and
concepts  of  the  Suzuki  method  will  be  discussed,  followed  by a  description  of  the  overall
architecture of the system and the research plan.

1. Background

Practicing is of high importance when learning to play an instrument. One common problem is
that students practice incorrectly and through the practicing mistakes become ingrained in the
playing. An ITS has the potential to prevent false practice by emulating the role of the teacher.
Little research has been carried out to date in the design and development of ITS to improve
music performance through the provision of positive feedback. However, there are some research
strands and related systems that are valuable for identifying relevant attributes for an intelligent
practicing support:

First, there are a number of systems that support music education in general which do not
contain AI components, including ear training and music theory systems. For instance, there are
several music editors, sequencers, analysis tools, innovative musician interfaces, computer aided
composition tools and multimedia reference CDROMs on masterworks. A good example of the
later is Voyager's [2] interactive CDROM for Beethoven's Ninth Symphony or Hofstetter’s [3]
ear  training  system  called  GUIDO.  GUIDO  consists  of  a  series  of  interactive  ear  training
exercises where the student is asked to listen to and understand performances by the computer. A
more recent development is the commercial package Music Ace, similarly to GUIDO, Music Ace
uses programmed learning as well as drill and practice instructional strategies to teach the basics
of music theory in particular ear training.

Second, a number of ITS for music education (opposed to instrument playing) have been
developed. An example of an ITS is Vivace, a rule based expert system for the task of four part
chorale writing, created by [4]. See Brandão, Wiggins & Pain [5] for an overview. MOTIVE,
created by Smith  and Holland [6],  is a constraint-based learning tool intended for beginning
students who wish to explore music composition through an iconic interface

Third, there are standardized and tested teaching strategies for playing the violin without
technical support. These can serve as basis for defining heuristics and a priority scale to identify
which aspect of the performance needs improvement. In particular, the so-called Suzuki method
[7] is informative in this respect. 

Finally, some work has been carried out in the area of technology and music performance.
Kirshbaum’s Tunemaster [8] presents students with a number of different melodies which they
must  play back  using  a  touch  tablet.  This  arcade-like  computer  game aims  to  improve  the
student’s ability of “playing by ear”. The area of visual feedback is explored in [9, 10]. Both
approaches try to address the difficulty that students experience making fine adjustments in their
own performance. The difference between them is that the latter also presents a graphical display
of  the  expert  performance.  The  Piano  Tutor  [11]  is  a  computer-based  system for  teaching
beginners how to play piano. This system contains music recognition software to follow student
performances, a variety of input and output devices to enhance interactivity and a number of
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instructional  design  techniques.  INTERPRET  [12]  and  pianoFORTE  [13]  aim  to  improve
students  interpretive  abilities.  Baker’s  system is  limited  to  pre-stored  example  pieces,  while
pianoFORTE contains a model for expressiveness in performance which was developed with the
help of piano teachers this allows the system to give visual feedback on performance aspects
such as tempo.

Research carried out to date is very informative in some respects. However, little work has
been  carried  out  on  technology that  improves  music  performance  through  the  provision  of
positive feedback. Therefore, the author proposes the development of an ITS that aids beginning
violin students learn the instrument. The system will focus on the provision of positive feedback
using the Suzuki method as the pedagogical framework. 

2. Suzuki Method

The Suzuki Method is based on the premise that talent is a product of environment rather than
heredity [14]. Dr. Shinichi Suzuki (1898-1998) believed that every child has talent, which can be
developed if the proper environment exists. All children learn to speak their own language with
relative ease and if the same natural learning process is applied in teaching other skills, these can
be acquired as successfully. In the Suzuki Method, the learning process is broken down to the
smallest possible steps this allows the child to achieve success at every level and learn at their
own pace. The keys to the success of the Suzuki Method include motivation, repetition, listening,
positive reinforcement, and parental involvement.

The actual process of teaching the young child to play the instrument involves a trio of
players: the child, the teacher and the “Suzuki parent”. The “Suzuki parent” will teach the child
at home on a daily basis, the one who has been learning the fundamentals of the instrument.
People have described this three-way relationship as a tripod: if one leg is missing nothing can be
achieved.

Suzuki lessons allow for a creative and enjoyable environment. For beginning students
lessons consist  of a number of very small  steps,  which are presented in a playful way. This
motivates the young student and encourages full  participation.  The “Suzuki  parent” works at
home with the student and tries to mimic the lesson environment by presenting small achievable
steps, which focus on one thing at a time. Repetition and review are key features. 

As  the  student  grows  older  and  becomes  more  competent  the  Suzuki  instruction  is
modified. Students gradually gain some independence. The Suzuki parent is no longer required at
the  lessons.  The  student  practices  independently  and  learns  how  to  read  music  notation.
However, the pedagogical principles remain the same repetitive listening, the use of supportive
encouragement, repetition and review.

Throughout  this  entire  process  the  underlying philosophy remains:  talent  is  a  product  of
environment rather than heredity.  The Suzuki method was selected as the author has extensive
experience in both learning and teaching this method. Also, this method of teaching encourages
the subdivision of tasks which lends itself to the area of e-Learning. 

3. The System Architecture

The  system architecture  consists  of  three  separate  modules.  The  student  assessment  module
monitors the student, records relevant multimedia input data and compares the input to the goal.
The  student  model  captures  information  on  current  skills,  goals  and  practice  history.  The
adaptive  decision  module  applies  teaching strategies  to  the  student  model  and  thus  delivers

        AIED 2005 - Young Researcher Track Proceedings

Page 79



concrete actions. Below is a diagrammatic representation of the system followed by a detailed
discussion of each component.

Fig. 1 System Architecture 

4.1 Student Assessment module

The student assessment  module monitors  the student’s  performance.  It analyses the student’s
playing  and  records  important  information.  This  module  is  concerned  with  gathering  an
estimation  of  the  student’s  ability  and  strengths  and  weaknesses  in  their  performance.  The
student will be asked to play a particular piece of music (most often the piece of music that they
are currently learning) from the Suzuki repertoire.  The student’s performance is recorded using a
number of multimedia input devices. The system contains expert knowledge in the domain area.
The student’s performance is compared to this expert knowledge and information is gathered.
Information  may  also  be  gathered  through  the  Suzuki  parent’s  assessment  of  the  student’s
performance. Typical information, which might be recorded, is melodic or rhythmic inaccuracies
and incorrect movement or posture. 

4.2 Student Model

The student model keeps track of the student’s progress. It holds a record of their current piece. It
also contains information on particular difficulties the student may be having. For example a
beginning student may find string crossing particularly difficult. The student model also contains
information on exercises, which the student may have previously carried out. This is to ensure
that the student will not continually receive the same exercise to practice as this may result in
lack of motivation.  As  mentioned previously the Suzuki  teaching method is  the pedagogical
framework that informs the system. The Suzuki method encourages the use of positive rather
than negative reinforcement there for the student model will be used to ensure that appropriate
feedback is given. 

4.3 Adaptive decision module

The adaptive decision module makes intelligent recommendations based on the student model.
Due to the complex nature of the instrument a delicate learning environment must be created.
Therefore it is important that the student’s performance is corrected in an intelligent manner. The
type of feedback, which the student is provided with, is very important. Feedback may be oral
aural  or  visual  depending on  the  student’s  need.  If  the  student  continues  to  make  a  similar
mistake then the system adapts and may suggest alternative exercises based on the theme. 

Student Model

Student Assessment 
module

Adaptive decision 
module
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A number of heuristics and a priority scale are used to determine what action, if any, needs to
be taken by the system. These heuristics and priority scale are gathered by closely monitoring a
number of Suzuki teachers and their beginning violin students. For example, generally a violin
teacher will correct pitch mistakes before rhythmic mistakes. There are also a set of heuristics
associated with each learning component, these heuristics allows the system to decipher whether
the student requires extra exercises or assistance in a given area. Of course incidental mistakes
are overlooked but if a student continuously repeats the same mistake then the system will adapt
and try to  assist  the student  in  correcting these mistakes  before it  becomes ingrained in the
playing. It is important that the system is “intelligent” in so far as it knows when to intervene,
how to intervene and what the necessary intervention is. 

5 Research Plan

The research is divided into four key stages. The initial stage is concerned with observation and
analysis  of Suzuki  teaching.  This  stage is  of vital  importance as it  will  inform the teaching
strategies used within the ITS and the adaptive nature of the system. By monitoring Suzuki
teachers, a greater idea of the type of feedback given and the nature of the feedback should be
apparent.  The  second  stage  of  the  research  involves  the  development  of  a  prototype.  The
prototype  will  take  input  from  the  Suzuki  parent,  therefore  omitting  the  need  for  music
recognition software. At this stage the prototype will consist of a student model and adaptive
decision module. Formative evaluation will consume the third stage of the research plan. These
evaluations are based on two key questions: can an ITS increase learning during home practice
and if the nature of all feedback is positive can the level of learning be increased? The fourth
stage of the research will focus on the development of the music recognition software and student
assessment module. Further formative evaluation will be conducted. 

Research being conducted currently is concerned with the first stage of the research plan.
The author is working with some Suzuki teachers. This research stage consists of observing the
learning process between teachers and their  young students.  It is  important that this  learning
environment  is  observed  and  analysed  so  that  instructional  strategies  and  processes  can  be
understood and therefore mimicked within the system. Suzuki proposes that learning is a product
of positive reinforcement. Therefore, particular emphasis is placed on the nature of feedback and
the manner in which it is presented to the student.

The next stage of the research is concerned with the development of a prototype. The
prototype  will  take  input  from  the  Suzuki  parent,  therefore  omitting  the  need  for  music
recognition software at  this  stage. Due to  the simple  nature of beginning Suzuki  tunes,  it  is
believed that given the expert performance it will be possible for the Suzuki parent to determine
if the student has played correctly. The Suzuki parent may not be able to pinpoint what exactly is
incorrect. However, as each Suzuki piece has a learning outcome associated with it the system
will  be able to  determine the appropriate  action.  The prototype will  cater  for  three types of
feedback, verbal, musical and visual. The nature of all feedback will be positive. 

Formative evaluation  will  be conducted during the third  stage of  the research plan.  It is
important that the ITS focuses on positive aspects of the student performance as to focus on the
negative aspects  would go against the philosophy of the Suzuki  method.  Correction must be
presented  in  a  positive  manner.  The  formative  evaluation  will  take  into  account  two  key
considerations:

1. Is the ITS modeling the teacher’s role correctly?
2. Is there a correlation between the type of feedback and the level of learning?
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The fourth stage of the research involves the development of the music recognition component so
input  can also be gathered from student  performance recordings.  Also a  number of research
studies will be designed. These studies will allow us to determine the domain specific question,
can an ITS improve learning during home practice for beginning violin students and the more
general question, if the nature of feedback is positive is the level of learning increased?

6 Summary

The  research  proposed  in  this  paper  is  concerned  with  the  development  of  an  ITS  to  aid
beginning violin students learn the instrument. The system architecture consists of three modules
a student assessment module, a student model and an adaptive decision module.  The student
assessment module analyses the student’s performance. The student model captures information
on the student’s progress and the adaptive decision module makes intelligent decisions based on
the student model. The system developed will determine if an ITS can improve learning during
home practice and whether positive feedback can increase the level of learning?
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Abstract. In traditional education evaluation system, the goal is looking for 
appropriate methods (mostly numerical) to measure individual performance. While 
these highly compact measuring results provide some insights to the individual itself; 
they are less useful to other people and should avoid being used for public 
comparisons. By contrast, we propose an opposite approach, in which the focus of 
evaluation shifts from information regression to information aggregation. The 
philosophy behind this approach is to provide as much information about the 
individual as possible and reveal it in an ease-to-access manner to the individual as 
well as people who are interested in them. In the information age, it is technically 
possible to adopt information-rich evaluation system. We also designed a web agent 
based evaluation framework. It demonstrates one possible way to incorporate the new 
evaluation philosophy into the existing education evaluation system. 

 
 
1. Introduction 
 
In traditional education evaluation system, the goal is looking for appropriate methods 
(mostly numerical) to measure individual performance. While these highly compact 
measuring results provide some insights to the individual itself; they are less useful to other 
people and should avoid being used for public comparisons. An inadequate or unnecessary 
evaluation to the individual performance will usually lead to negative impact on the 
individual’s learning and working experiences in a social environment. To summarize, the 
traditional evaluation system takes a synthetic or regressional approach in general. By 
contrast, we propose an opposite approach, in which the focus of evaluation shifts from 
information regression to information aggregation.  

 
Figure 1. Two directions of evaluation techniques 

 
 Figure 1 recognizes the two aforementioned opposite directions in evaluation 
techniques. The triangle denotes all the information available, deducible and inferable from a 
certain individual. The line through the middle of the triangle denotes the original 
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information from the information source (i.e. the individual being evaluated). The first 
(orthogonal) approach tries to reduce it to a minimum through several pre-designed 
irreversible filters such as sampling through tests, averaging over test marks and averaging 
over average test marks at different time. In contrast, the second approach works above the 
original information. It tries to reveal them in its integrity and generate new prospective 
information, which may be provided by formative feedbacks [7] from peers and other 
qualified individuals, etc. 
 The philosophy behind this approach is to provide as much information about the 
individual as possible and reveal it in an ease-to-access manner to the individual as well as 
people who are interested in them. In the information age, it is technically possible [1] [5] to 
adopt information-rich evaluation system. We also believe that the trend of education 
evaluation will be the emergence of various intermediate (intelligence) technologies and 
frameworks which make this new approach dominant in all education systems.  
 We envisage the future of education evaluation as building an information sharing 
space on the web, where each undertaking by the individual is, automatically or with 
minimum effort from the individual, recorded to the information space and available for 
other people to compare and use. It is like an annotated and recursively-written 
autobiography generation system with an intelligent interface. This aggregated evaluation 
database (or autobiography) will become an important product that both the individual and 
the education institute jointly deliver to the society and might continue to be useful after the 
individual starts his or her professional career. 
 In section 2, the learner model for undergraduate level college student is studied. In 
section 3, we propose a web agent based evaluation framework.  
 
 
2. The Learner Model 
 
Our student model is based on the engineering undergraduates in the CKC College, of which a 
short introduction is given in section 2.1. 
 
 
2.1 Background of CKC College 
 
Chu Kechen Honors College [2] (CKC College) is comprised of Mixed Honors Class 
(designed for engineering students), Science Honors Class and Art Honors Class，which are 
designed for elite students from the university. Special curricula are developed to help students 
build up a broad academic background in engineering, natural science or liberal arts. Students 
are encouraged to register for different courses in various departments and join graduate 
lectures in advance. They are also granted much chance in research at the graduate level under 
the instructions of distinguished professors. 
 A strict evaluation system is applied and only qualified students can accomplish the 
education program and be awarded the certificate. Both authors of this paper are students 
themselves in the college.  
 
 
2.2 The Student Model 
 
The study shows that students’ education experiences differentiate very quickly as the time 
pass by. Hence, the evaluation for students’ performance becomes harder, and the number of 
people who are qualified to evaluate the work of a student also dwindles. 
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Figure 2. The learner model for evaluation 

Note: The darker the colour in each cell, the more problematic the current approach is. 
 
In Figure 2, a three-phase student model is presented. In phase (1) or during the freshman and 
sophomore years, students are mostly engaged in knowledge acquisition through rigorous 
course works almost in parallel. Students are usually inspired by things learned from books or 
instructors. Some talented students might explore a little bit deeper on a few selected topics 
than the average, but the explorations performed at this stage are mostly informal or blind. In 
phase (2) or the junior year, students are equipped with sufficient knowledge to carry out some 
practical projects. In other words, students are thirsty for practice of their newly acquired skills, 
and need internal or external motivations to participate in the development of some real 
projects. Many students can propose original frameworks to be implemented with their 
technical skills and through teamwork. Some also choose to participate in competitions such as 
Math Modelling Competition, ACM programming contest, Software development contest, etc. 
They are all need-driven or goal-driven projects. The difference is that some are driven by the 
goals of the individual; some are by goals in a competition or course project. In phase (3) or the 
senior year, students begin to carry out their own researches and wrote their own research 
papers and technology development reports. Some students may have roles in graduate-level 
research groups or internships elsewhere. Students mainly focus on an intensive research or 
technology development thesis experience. Independent works and unique personal goals at 
this phase will prepare the individual for innovative research and/or professional creative 
practices after its graduation. 
 
 
2.3 Deficiencies in Current Evaluation Model  
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Compared to the student model, the current evaluation model is both monotonous and 
monopolistic. Several observed problems are described below. 
 First, the evaluation process is too short. At the time for evaluation, the college collects 
information such as test scores, competition awards, published research works, peer reviews, 
extracurricular activities and sports, and generates a synthetic report (almost always numerical) 
for classification or screening. Because of the short process, the accuracy and completeness of 
information collected can not be guaranteed. 
 Second, it overly emphasizes on test scores. Many students lose enthusiasm in other 
academic activities. The idea of information aggregation evaluation is to encourage students to 
actively evaluate and re-evaluate themselves, rather than relying on a vague and usually 
inaccurate “synthesized” result. 
 Third, students are passive subjects in the evaluation process. They are easily influenced 
by the change in the evaluation policies, which are set by college administrators. In our 
proposal, we try to build an environment in which one does not have to worry whether its 
research is “to the taste” of the appraisers. 
 Fourth, it lacks useful feedback mechanism. Currently, the students only receive 
evaluation from the college. Usually they are neither clear how the results are generated, nor 
have any chance to speak for themselves.  
 
 
3. Web Agent based Evaluation Framework 
 
This section describes a web agent based evaluation framework, which incorporates the new 
evaluation philosophy into the existing education evaluation system. 

 
Figure 3. Illustration of the web agent based evaluation framework 

  
 Figure 3 shows an illustrative view of the framework. It is an iterative and open process 
of five phases as shown in the center disk of the figure. Around the disk are the underlying 
technological frameworks which enabled the corresponding tasks in each phase (colors are also 
matched between the evaluation tasks and their enabling technologies).  
 The evaluation process begins by self evaluation, in which a software agent helps the 
user to convert his information to web content in its local database. In the narrow sense, we 
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define self evaluation in the framework to be the process of revealing personal information to 
the public. During self evaluation, the individual writes about (promotes) himself for the public 
and is responsible for the accuracy of what has been told. There are two constituents to 
supervise the accuracy of information during self evaluation. First is the publicity, because 
inaccurate information tends to be discovered quickly when it goes public. Second is the 
reference, because when information is referencing each other, fraudulency can be uncovered 
by traversing the reference graph. In the web agent framework, software tools are developed to 
facilitate these activities. 
 When the user’s information has been prepared in the previous step, it can be published 
by a web agent on a public network such as the Internet or Intranet. To complete this task, we 
can use the web agent framework or WAF [3] [4] which we developed as a general agent 
framework. In WAF, a master can have one or several web agents which will represent this 
master on the web. Each web agent has an intelligent interface to provide information to users 
and other agents. Visitors (potential readers) could use a browser-like application (client agent 
application) to access the web agent framework. The user interface of the agent browser is 
designed in such a manner that the user feels like interacting with individual agent on the web. 
Web agents usually reference each other, therefore providing a mean of navigation (Figure 4).  
 

Figure 4. (Left) Users leave an off-line tree graph of visited agents and artifacts as they navigate through the agent 
network. (Right) Several map files and user’s interaction with agents or managed information in these graph files. 
 
 Visitors can leave feedbacks to the web agents, which in turn will influence the self 
evaluation process. Hence, another cycle of evaluation begins. Most feedbacks are formative 
and offline. They are usually provided by human visitors or other web agents (on behalf of its 
users) in the form of comments to specific artifacts. Feedbacks provide a mean for people to 
hear opinions about their past works and change the attitude in their previous self evaluation. 
Feedbacks can also produce new references between individuals. It is likely that further 
relationships will be established between the two sides in the real world. In general, there are 
two kinds of people who will respond to self-evaluation: peers who conduct comparable 
research and professors who supervise student’s works.  
 According to psychological and educational research [8], peer-assessment may result in 
friendship-marking (over-marking) and thus lack fairness or objectiveness. Therefore, 
comparable people outside a particular group are introduced into the review process. These 
outsiders might not have the same academic background, yet their opinions will increase the 
objectiveness. Peer review (from open groups of people) also adds value [9]. Timely and 
detailed feedback from peers would help people think from more perspectives and produce 
more meaningful thoughts. 
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 Professors can also supervise their students’ academic progress and perform most of 
their functions through WAF. With the use of agent technology, they can track the status of 
specific works carried out by their students, and provide comments, instructions and 
suggestions if necessary.  
 To conclude, the proposed framework is an information-rich and open system for 
evaluation and communication. It advocates self-evaluation and use a feedback and referencing 
mechanism to supervise and enhance the process. The students are encouraged to provide their 
information; and the evaluation system helps to increase it (information aggregation).   
 
 
4. A Discussion and Conclusion 
 
The psychological state and satisfaction of an individual consists both of its exploration 
process [6] and the expectation or result of the evaluation. Moreover, people tend to compare 
with each other in their comparable works. This automated comparison is a natural reaction of 
human being and is necessary for further communication among comparable people. Thus, the 
visibility of individual information and effectiveness of information sharing directly affect the 
satisfaction of people’s internal needs for evaluation. To increase the comfort of people and 
foster active evaluation and communication, we need a more reasonable and open evaluation 
framework for people in the education systems. 
 In this paper, we have tentatively proposed a web agent based evaluation framework. We 
tried to answer the question: what current technologies will bring to the future evaluation 
system. And our conclusion is almost surprising: the focus of education evaluation will shift 
from information regression (synthetic approach) to information aggregation (revealing 
individual works and potentials). 
 Another characteristic of the proposed evaluation framework is that it is tightly 
integrated with personal and inter-personal development. E.g. it combines publication, 
discussion, assessment and re-evaluation in a single place and enables (also encourages) 
students to satisfy their own natural needs. We hope that our work would draw the necessary 
attention of education reformers and that more concrete actions could be carried out in the 
near future. 
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Abstract: The use of computer-based learning environments (CBLEs) to support individual and 
collaborative learning in educational settings is expanding rapidly. My research goal is the design of a 
theoretically driven and pedagogically grounded CBLE to generate naturalistically compelling 
Emergency Room (ER) scenarios requiring medical students to collaborate in medical knowledge 
building and decision-making. The CBLE in this study provides visual representation and collaborative 
argumentation to support both individual and collaborative learning.  

 
Introduction 
 
Medical problem solving and decision-making are complex and difficult processes [1]. 
These processes become even more complicated in medical emergencies whose solution 
demands efficient deployment of relevant knowledge, experience and skills in dynamic, 
highly stressful contexts. During medical emergencies, the physician must simultaneously 
stabilize the patient or patients, monitor detected problems and rapidly diagnose life-
threatening diseases under conditions of great uncertainty. Thus, preparing medical students 
to make fast and accurate decisions during medical emergencies is of great value.  
 
In the mean time, computers and networks have been widely used in educational settings to 
support both individual and collaborative learning. It has been maintained that it is not 
technology per se, but pedagogical methods and theoretical rational that most directly 
influence learning. Sharing this belief, this proposed research is focused on designing a 
computer-based learning environment (CBLE) in which medical students practice decision-
making in emergency scenarios that are empirically interesting and theoretical driven, and 
facilitate collaborative knowledge building. 
 
1. Research questions 
 
My research goal is the design of an empirically driven CBLE to generate naturalistically 
compelling Emergency Room (ER) scenarios requiring medical students to collaborate in 
medical knowledge building and decision-making. It is based on two years of observing and 
investigating the clinical teaching of medical decision-making in a busy ER. Clinical 
teaching for senior students is usually in small group format. Because of time limitation, 
normally only some students have the chances to practice their problem solving or decision-
making skills. It is hard to tell if other group members (observers) are actively involved in 
thinking. In order to involve all the students in decision-making processes, we design a 
CBLE in which they can construct knowledge collaboratively.  
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However, in collaborative learning environment, most research has dealt with the discourse 
and social relations, or with cognitive and metacognitve aspects of problem solving. 
Association between individual cognitive processes and group social interaction has rarely 
been examined. I will investigate how students’ decision-making activities, and thereby 
their conceptual understandings, change as a function of the collaborative learning 
processes. I will look at how individual cognition affects social interaction and how social 
interaction affects individual cognition. Furthermore, I will examine how CBLE shape 
individual and collaborative learning.  
 
2. Background  
 
2.1 Emergency education 
 
ER provides unique training in several areas that not taught elsewhere in the undergraduate 
program. There are different requirements for students in each year training. Junior students 
can be taught basic first aid and emergency medical services system in their area. Senior 
students can hone their history taking and physical examination skills in ER [2]. This 
proposed study is to examine and facilitate senior medical students to practice basic rules 
and knowledge during their rotation in ER. At this level, issues related to patient 
management and decision making are best evaluated in small groups, such as simulation or 
problem-based learning (PBL) [2]. In addition to know what to do in the practice, students 
should know how and why they are doing as well [3]. This requires the designed learning 
context provide students with opportunity to elaborate and explain their decisions to others. 
In my design, these factors are considered. 
 
2.2 Collaborative learning 
 
A number of instructional approaches have developed that correspond to the increasing 
need for collaborative knowledge building in learning and working environment. A 
prerequisite for collaborative learning is a common ground which can initiate the 
construction of shared knowledge [4]. It is necessary to gain a deeper understanding of how 
knowledge is processed as individuals collaborate with each other. In collaborative 
knowledge building, two important cognitive processes, elaboration and co-construction, 
lead to deep understanding.  

 
Elaboration means that students explain or justify their statements [5]. It can take place 
during group learning as the processes of considering a piece of knowledge in a richer, 
wider context [6]. It has been found that in PBL, elaboration is an important contributor to 
the cognitive effects [7, 8].  
 
Co-construction occurs while two or more students contribute to resolving a conflict by 
arguing about the solution [5]. Collaborative argumentation is a medium for co-
construction. In effective collaborative argumentation, participants focus on the same 
issues, and learn to negotiate conflicting opinions, until they accept or share the same 
answer or solution. It is regarded as a tool for promoting critical thinking as well as an 
essential quality of the discourse that is to be acquired in academic education [9]. Thus, 
collaborative argumentation during problem solving promotes the externalization, 
negotiation and reconstruction of knowledge [10].  
 
3.  CBLE as collaborative tools 
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Computer and network afford many features to support collaborative learning. One 
promising feature is to serve as computer-based representation tools [11]. These 
representations could be concept maps, graphics, or diagrams that allow group members to 
construct knowledge visually or elaborate and argument.  
 
3.1 Visualization tools 

 
Visual representations have been found to aid individual understanding and problem 
solving [12, 13] and computer can afford multiple knowledge representations for learning 
[14]. Visualization tools could be categorized into content-specific and content-unspecific 
[15]. Content-unspecific visualization tools are graphics editors that are not fixed to a 
special knowledge domain [16]. Most approaches, such as concept mapping or shared 
whiteboards, are content-unspecific graphics editors and are not constrained to specific 
knowledge domain. Using such approaches has shown promising effects on collaborative 
learning in different fields, such as chemistry [17] and mathematics [18].  
 
Visualization tools have also been used with different formats. Concept mapping is an 
effective way to support collaborative problem solving design [19]. More interactive 
dialogues are fostered between learners while using electronic diagrams to develop 
educational programs [20] because the shared view of the diagram could help students track 
and overview the complex problem solving process under discussion. Text representation, 
such as threaded discussion, may facilitate conceptual understanding of color [21].  
 
3.2 Argumentation tools  
 
Argumentation is a key step for collaborative problem solving and knowledge building. It is 
a complex and variable activity, ranging from negotiation, justification, to convincing [22]. 
Computer environments can support collaborative argumentation by providing the 
opportunities for explanation and reflection, scaffolding the argumentation processes, and 
helping students keep track of their ideas. Computer supported argumentation could be 
represented as computer mediated communication, structured interaction, and argument 
representations.  
 
Computer-mediated communication can be either synchronous or asynchronous. The 
immediacy of synchronous interaction has social advantage of motivating participants to 
engage and carry out interpersonal negotiation. Asynchronous interaction leaves some time 
for students to reflect before composing a response. The interactive and collaborative nature 
of this asynchronous communication allows students to establish relationship and seek 
assistance [23] and promote sustained and in-depth discussions [24]. 
  
Structuring can improve participants’ orientation on subject matters, reduce off-task talks, 
lead to more coherence in discussing subject matters and focusing on topics [25]. In 
synchronous communication, structuring can be in the form of communication acts [26] or 
using sentence openers [27]. In asynchronous communication, structuring is determined by 
the processes required by a task, such as posting notes and making comments [15].  
 
The production of a visual representation of an argument can serve as an external frame for 
knowledge construction and problem solving [16]. Visual representation may encourage 
exploration and negotiation in a way that is more explicit, thus improving the effectiveness 
of knowledge construction. Hence, the form of representation could influence the content of 
learners’ argumentation.  
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4. Framework of CBLE  
 
The proposed CBLE includes two activities: dynamic decision-making and structured 
synchronous discussion. Visualization and argumentation tools are embedded in CBLE to 
support these activities. 
 
4.1 Dynamic decision-making: This is a role-playing decision-making activity between a 
medical student and the teacher. Students play the role of doctor and the teacher plays the 
role of ER nurse or patient. As ER nurse, the teacher provides patient’s information when 
asked. As patient, he demonstrates the patient’s deteriorating vital signs when a student 
doctor fails to take the right procedures. Communications about deteriorating vital signs 
and student’s actions, plans, and results are entered into a computer and projected on the 
wall in the form of a diagram (Figure 1) that the role-playing student, teacher, and 
observing student can consult at any time. This representation also helps simulates a 
stressful environment in which students must make decisions quickly and effectively. 
 
Case one: Mr. Smith, 80 year old man, admitted to hospital because of melena, which was found to be 
secondary to Peptic Ulcer Disease (PUD), proved by gastroscope. His past medical history (PMHx) includes 
hypertension, diabetes type II, coronary heart disease, he had myocardial infarction in 1999. It is Saturday 
evening, you are on call, it’s 10:00 o’clock in the evening. The nurse calls you because Mr. Smith ‘doesn’t 
look good’. What will you do? 
 

 
 
 
 
 
 
 
 

Vital Signs Decisions 
T RR HR BP (mmhg) O2 Sat 

Prescriptions 

General appearance: 
normal 

      

Airway: normal       
Consciousness: 
confused 

      

 37 30 120 210/80  95%  
      Give some fluid 

 
Figure 1: Shared representation for dynamic decision making 
 
4.2 Structured synchronous discuss: One major goal of this study is to involve observing 
students in the decision-making processes. Observers are asked to comment on role-playing 
student decisions in a structured discussion forum that is based on the ER algorithm. For 
example, the observer could choose “E” which represents Endo-metabolism and comment 
‘I think at this moment the major problem is diabetes instead of high blood pressure’. 
Observers can also comment on each other’s comments. Discussions are shared by 
observers and only will be shown to the decision-maker when he gets stuck and asks for 
help. The decision-maker can access the discussion board so that he can adjust his decisions. 
He can also ask observers to elaborate on their comments. This collaborative knowledge 
building activity needs CBLE to visually represent discussion information in a synchronous, 
structured format. The CBLE facilitates collaborative knowledge construction and joint 
decision-making by enabling decision-makers to quickly and easily access well structured 
peer feedback.  
 
5. Methods and data source 
 
This paper proposes a design framework for the development of a CBLE for ER decision-
making and collaborative knowledge building. This environment will incorporate 
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visualization tools and argumentation tools to support these activities in a naturally 
distributed learning environment. Data that will be collected for analysis includes 
computerized decision-making processes and online and face-to face discussion. Cognitive 
task analysis (CTA) and discourse analysis (DA) are used for studying and assessing 
students’ decision-making processes and collaborative knowledge construction. The 
relationship between individual and collaborative learning and how these processes are 
facilitated by collaborative tools will be studied based on the results from CTA and DA. 
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Abstract. Interaction analysis has become a basic function in the field of
collaborative learning, as a means for supporting both self-regulation for the
students and formative evaluation for the teachers. In spite of the fact that these
processes rely on the same basic functionalities, there is a lack of proposals or
systems that integrate them. This paper presents a research proposal that argues for a
role-based approach for the integration of these functions. The experience of
awareness systems in CSCW that use roles to decide the type and amount of
information they show suggests that this is an appropriate approach. A review of the
concept of role in CSCL environments has shown a lack of common vocabulary to
describe it and a great diversity of classifications. In order to solve these problems,
we have begun to design a framework for the description of roles and we have
proposed a new classification of roles which takes into account the dynamic nature
of interactions in real collaborative systems. We plan to apply this framework and
concepts to the definition of a tool for the analysis of interactions, able to adapt to
the changing needs of roles at a given moment. This will eventually lead to the
integration of evaluation and regulation support functions in a single tool.

1.  Introduction

During the first years the main research efforts within the CSCL (Computer Supported
Collaborative Learning) field were directed towards the development of CSCL
environments. Nevertheless, at present, the evaluation of these systems, and the learning
that is promoted with them, are priorities of research in the area.  For this purpose, the
researches propose the elaboration of powerful tools and methods for interaction analysis
for the study of collaboration [1],[2].

Our GSIC (Collaborative and Intelligent Systems) group at the University of Valladolid
participates in several research initiatives related to the evaluation of collaboration and
analysis of interaction. Our group has been interested in the evaluation and the analysis of
interactions in CSCL for a number of years. Our main research effort in recent years has
focused on the development of a method and tools for supporting formative evaluation in
CSCL [3]. This method was oriented to support the evaluation of the collaborative activities
once they are finished, in an off-line fashion. The validation of this previous proposal
outlined the need of integrating regulation functions, i.e., to provide on-line support to the
participants of a collaborative experience while they are collaborating. At present, the
group is focusing on the refinement of this method and the tools that support it. More
concretely, the work reported in this paper aims at integrating evaluation and regulation
processes in collaborative environments.

A revision of interaction analysis tools shows that several proposals exist whose
functionalities could  be applied for one or another purpose [4],[5]. For example, some

        AIED 2005 - Young Researcher Track Proceedings

Page 95



authors state that the information obtained by the teacher with an evaluation tool can be
presented to the students to obtain self-regulation [6], as if it were a regulation tool.
Nevertheless, these two approaches have so far been considered separately, as it can be
observed by the lack of methods and tools that integrate them. However, this distance is not
so clear if we consider that both approaches rely on the same basic functions [1],[3]. We
argue that the main difference between the two approaches relies on the roles played by the
actors to which these functions (and the corresponding tools) are oriented. Then, a tool able
to adapt to different roles would be able to perform both functionalities. This leads to the
idea that adopting a role-based perspective could help to integrate and extend the
functionalities provided by interaction analysis in CSCL.

The rest of the paper is structured as follows: the next section exposes the main
objectives and steps established for this research work. Then, section 3 shows the
developed work until this moment. The section includes an integrated view of regulation
and evaluation in collaborative environments and provides a systematic analysis of the
different role classifications found in the literature. Next, section 4 presents the first
approaches of research, on the one hand a new classification of roles and on the other hand
a framework for describe roles in learning environments. The paper concludes with some
open questions and an overview of our future research plans related to these topics.

2.  Research purposes

The main objective of this ongoing research is to design and to develop interaction
analysis tools capable to integrate evaluation and regulation processes in CSCL
environments, taking in account the roles of participants at a given time.

To achieve it, the first step was to analyze the main differences and similarities between
regulation and evaluation in CSCL and try to verify their possibilities of integration. As an
outcome of the analysis we have argued that the main difference between the two
approaches relies on the roles played by the actors to which these functions (and the
corresponding tools) are oriented [7]. Then, a tool able to adapt to different roles would be
able to perform both functionalities.

Thus, next step of research was to carry out a critical review of the types of roles
proposed in the literature, in order to identify the roles that can appear in a collaboration
management process together with the requirements that these roles pose to the analysis of
interactions [8]. We have detected a lack of common vocabulary to describe roles, multiple
definitions and different classifications of roles, many of them domain-dependent.
Moreover, the majority of proposals are based on a static approach, that is, the roles are
established initially and they ignore the dynamism of learning and the possibility that roles
change during the activity.

In order to face these problems, we have begun to elaborate two proposals. On the one
hand, we have identified two new dimensions that classify roles according to their
appearance in the collaborative process (pre-established and emergent) and according to
their variability (static and dynamic). These dimensions help us to identify the roles
established before the beginning of activity and to detect the changes of roles during its
development.  A consequence of this approach is the need to define indicators and the
values that identify the transitions between the different roles.

On the other hand, we have designing a framework that permits to establish a common
vocabulary to define and to characterize roles in learning scenarios. At the same time, we
have to go further in the description of the roles that are involved in collaborative learning
scenarios, and establish their functional and user-interface needs. These needs will define
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the type of support that the different roles will need, which must me achieved by the
interaction analysis functions.

Later, with the requirements established in the previous work, we will try to design and
develop tools capable to integrate different functionalities depending on the roles that their
potential users can play. Initially we take into account the needs of teachers and students in
different contexts. This phase will imply to take decisions related to  the interaction data
representation model, the data analysis techniques and the format for the display of results.

Finally, the supporting tools will be tested in real situations in order to validate them.
We plan to apply the proposals to two scenarios in different contexts. We will carry out the
validation into different contexts: An asynchronous scenario, with university students and a
synchronous environment, with students of secondary school.

3.  Developed work

This section presents the results obtained from the work carried out up to this moment.
They include the study of the possibilities to integrate regulation and evaluation processes,
and the review of roles in learning systems into the literature.

3.1 Possibilities to integrate regulation and evaluation processes

To achieve our main objective of research, the first step was to analyse the main
differences and similarities between regulation and evaluation in CSCL and try to verify
their possibilities of integration. We have compared the collaboration management cycle
[1], a generic framework of the systems oriented to scaffolding that support the
collaboration, with the extended cycle of collaboration management [3], that include the
aspects related to the evaluation support systems. We can state that both activities (i.e.,
regulation and evaluation) rely on the same basic functions. Moreover, these two
approaches have so far been considered separately, as it can be observed by the lack of
methods and tools that integrate them. We argue that the main difference between the two
approaches relies on the roles played by the actors to which these functions (and the
corresponding tools) are oriented (i.e. regulation to students, evaluation to teachers). This
leads to the idea that adopting a role-based perspective could help to integrate and extend
the functionalities provided by interaction analysis in CSCL [7]. A similar approach can be
found in the effort to adapt awareness tools to different users in the CSCW field [9],[10].
From the experience of these systems we can state that the collaborative learning tools in
would benefit from considering this aspect, in order to improve the collaborative processes
in genuine environments. The problem would consist of detecting the needs of the
participants in every moment, i.e., what information is needed and how it will be showed.
Thus, a critical review of the types of roles proposed in the literature is necessary in order
to identify these needs. Next subsection presents an outline of the main conclusions
obtained after this review.

3.2 A review of roles in learning systems

We have done a revision of works that study the roles in fields related to collaborative
learning scenarios, including CSCL, CSCW, e-learning, classroom-based research, group
dynamics and adaptive hypermedia environments [7]. We have detected a lack of common
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vocabulary to describe roles, multiple definitions and different classifications of roles,
many of them domain-dependent.

We have detected that there is a rather high consensus with respect to the generic roles
that can be identified in a learning scenario, such as the teacher, the student, the designer,
etc. In this generic classification the categories proposed by different authors are similar
([11],[12], [13],[14],[15],[16]).

On the contrary, this review shows that teachers’ and students’ roles  depend very much
on the approach and on the context of each work, and that there is no such consensus
between the different authors ([13], [17], [18], [19], [20], [21], [22], [23], [24]). For
example, while [17] includes the next teachers’ roles: “facilitator, creator of consensus,
animator, event of changes and supervisor’’, [22] considers the “facilitator, designer,
technician, evaluator, and administrative”, and  [19] “facilitator, guide and co-learner”.

Also we have found divergences on the description of the functionality and needs of the
same role. For example, [17] states that “the facilitator must create learning situations and
improve the motivation of learners”, but [18] considers that “they monitor the collaboration
activities within a group, detect problems and intervene”. Moreover, the majority of
proposals are based on a static approach, that is, the roles are established initially and they
ignore the dynamism of learning and the possibility that roles change during the activity.

4.  Initial results

This section presents two initial proposals obtained from the work described in the
previous section. On the one hand, we have identified a new classification of roles that
takes in account dynamic aspects of learning, and, on the other hand, we have begun to
design a framework for the description of roles in learning environments.

4.1 Towards a framework  to define and describe roles in learning systems

It is necessary to establish a common vocabulary to define and to characterize roles in
learning scenarios. In this line we have begun to design a framework that initially would
have these four dimensions: actor, functions, needs and indicators.

An actor represents a generic role, that is, a human, an agent or any combination of
them [15]. (i.e., the teacher and the student roles have been pre-established roles in a
traditional classroom [18]).

A function is a characterization of an actor. With a function we could specify their
activities, duties and responsibilities (i.e., as a facilitator, a teacher perform a minimal
pedagogical intervention in order to redirect the group work in a productive direction or
monitor which members are left out of the interaction [25]).

A need is a requirement for each pair role-function. These requirements relate to the
necessary information (amount and type) and the functionalities of tools, and they are
influenced by diverse parameters related to the context, as the scenario or educative level of
students. For example, the interventions of the teachers will be produced on-line in a
synchronous scenario, while in a asynchronous system these interventions can be produced
by the next session, when the teacher may have studied previously the student’s dialogue
and action based interactions [2]. If we refer now to the educative level, we can state that
the type and amount of information that will need a K-12 student will not be the same than
the needed by a high-school student, for example [8].

An indicator is a parameter that helps to identify the transitions between the different
roles. Each indicator is composed by a dimension name and the values that delimiter one
possible change of role. The values can be different depending of the specific context.
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4.2 A proposal of classification of roles that considers dynamic aspects of collaboration

We have identified two dimensions that classify roles takes in account the dynamic
aspects of collaboration. Regarding the moment of their appearance we define pre-
established and emergent roles.  Pre-established roles are those that are assigned before
the beginning of the collaborative activity (for example by task or by position in
organization). Emergent roles are those that are not assigned in advance, but that appear
spontaneously during the development of the activity [26].

According to their variability we define static and dynamic roles. Static roles are those
that remain invariable from the moment of their appearance until the collaborative activity
finishes. Dynamic roles are those that vary during the development of the collaborative
activity, either due to a rotation of roles among the members of group, or because a change
of task results in the assignment of new roles, or because the new roles arise spontaneously.

As a consequence of this approach, we can see that it will be necessary to define
indicators and the values that identify the transitions between the different roles.  These
results in a two-way relationship between roles and analysis of interactions. First, analysis
of interactions helps to identify roles, and then, these roles (i.e., the people representing
them) will be supported by interaction analysis functions. So, this will lead eventually to
the integration between regulation and evaluation based on the analysis of roles.

5.  Conclusions and Future Work

This paper has presented the possibilities for the integration of evaluation and
regulation processes in CSCL with a role-based approach. Motivated by existing proposals
of awareness systems in CSCW, we have presented the need of considering roles when
designing tools and systems for interaction analysis, in order to develop systems capable to
integrate different functionalities depending on the roles that their potential users can play.

An initial review of the concept of role in the literature has shown many different
definitions of this term and very diverse classifications, the majority of which are very
domain-dependent and ignore situational dynamics of learning. Due to this diversity, we
have initiated two new approaches. On the one hand, the identification of two dimensions
that classify roles according to their appearance in the collaborative process (pre-
established and emergent) and according to their variability (static and dynamic). These
dimensions help us to identify the roles established before the beginning of learning
activities and to detect the changes of roles during its development. On the other hand we
have begun the design of a framework for description of roles in learning environments.

We have to advance in the description of the roles that are involved in collaborative
learning scenarios and establish their functional and user-interface needs. These needs will
define the type of support that the different roles will need, which must me achieved by the
interaction analysis functions. Moreover, we have to define indicators and the values that
identify the transitions between the different roles.  At same time we should decide other
questions as the results representation form, aspect directly related to the interface needs of
users. Once it obtained this, we will begin to design and to develop tools for these purposes.
Finally, the developed tools will be tested with real users in order to validate them.
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Abstract. This paper describes work in progress on logging, replaying and
analysing students interactions with a web-based environment in order to inform
the design of a student model that takes account of students’ affective character-
istics as well as cognitive ones. With the main goal of recording as realistic in-
teractions as possible, an agent was developed that has the ability to record every
student action. Employing the agent while students are working in real situations
and with learning goals that are linked to their usual studies, helps us to collect
data which are more representative of the way in which the final intelligent system
would be used. The interactions can then be replayed to experts to provide infor-
mation and mappings about the actions the system should take. Analysis is still at
its early stages but we discuss preliminary results and the types of actions identified
that can help to determine the best level of abstraction, identify useful moments for
replaying, and ease future computational analysis.

1. Introduction

With the advancement of computers in education and the emergence of e-learning, in-
teractive (and intelligent) learning environments (ILEs) are becoming more and more
integrated in the classroom. This provides an opportunity for conducting research under
more genuine situations. For example, studies can be linked (if carefully designed) to the
usual material students have to learn or the assessments they have to take (eg. [11]). By
conducting studies in realistic didactic situations and the same medium that students are
using for their learning we can achieve a better understanding of the learning process, of
the students’ behaviour and the actions that make sense in this particular context.

It is reasonable to expect that students interact differently when they are working on
their own than when they are observed or take part in a study. This is indeed what we
have observed so far (see [12]) and what similar research suggests. For example, [6] de-
scribes a set of non-learning-oriented strategies termed ‘gaming the system’ that students
manifest as responses to the feedback and support that an ITS offers. Our preliminary
observations of students working in a web-based ILE were similar not so much on the
direction of gaming the system but general aspects of interactions that pertain to motiva-

1Correspondence to: JCMB, Mayfield Road, Edinburgh EH9 3JZ, UK. Tel.: +44-131-6505076
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tion and affect and are directly hindering learning. The fact that the actual use of ILEs is
something for which we know little about, is a significant factor which can compromise
the design of important components of the system like the student model. In particu-
lar, if one is interested in affective and motivational characteristics of students then it is
quite difficult to separate confounding factors (see [7] for similar examples of obscuring
problems in user modelling). Therefore, research conducted in realist conditions has the
potential to yield more accurate data and help in fine tuning the system accurately.

Our interest lies primarily in identifying subtle aspects of the interaction that can be
taken into account to improve the system’s diagnosis and the appropriate actions it could
take. To achieve that we need to have access to data that can be analysed in different levels
of granularity. Recording fine grained data, as [13] notices, yields more opportunities
for research. The multiple granularity means that we can conduct similar analyses as
the ones that have been highly successful so far (for example, [2,3]). In fact, the more
detailed the data are the better the analysis. For example, one of the problems reported
during the knowledge elicitation interviews in [8], for obtaining rules that refined the
system’s knowledge, was that experts had quite a limited input bandwidth as they could
only see students’ chosen topic and the final selections they made in MCQs.

This paper, after briefly presenting the technology behind an agent for logging de-
tailed students’ interactions in a web-based ILE., discusses preliminary results from stud-
ies conducted under realistic situations. We describe ways of visualising the data and
relevant results that can help us see what to expect and how to conduct future analysis.

2. Recording students’ actions

There are several ways to record students’ actions when they are working in a predefined
environment or a lab where an experiment or study is set up. On the other hand, it is
very difficult to set up and use equipment (such as cameras, tape recorders or even screen
capture software) let alone have an observer to study what students are doing when they
are interacting in their time and place. Of course, one can analyse the log files of the
web server that provide information on the pages and the time they were accessed but,
especially when the environment involves client-side interactions, the data logged can be
quite limited for the research purposes in the field of ITS.

In addition, most of the approaches for logging and analysing interactions make prior
decisions about what behaviour is relevant to log, and tend to log at a coarser granularity.
When this fits the intended analysis it leads to very interesting and successful results
(see for example [4,5]). However, we wanted to go a step further and record as much
information as possible with a two-fold purpose. On one hand, to be able record enough
unbiased information in the least intrusive way possible; in the same way that we would
like our ITS to track and analyse students’ activity. On the other hand, we need to find
which kinds of actions are important and what actions the system should take. Recording
the interactions and having the ability to replay them can help in eliciting knowledge
from experts and identify useful patterns that can inform the design of the student model.

In order to log and replay the students interaction with the web-based system an
agent that can be added to an ILE was developed. The agent records every student action
including mouse movements, mouse and keyboard clicks etc. A piece of JavaScript code
adapts the elements (buttons, divs, input boxes etc.) of every (X)HTML page that the
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Figure 1. The architecture of the agent which logs students’ interactions

system delivers adding event handlers to all of them so that they can send messages to
a hidden Java applet. The applet in turn sends them, every so often (or just before the
student logs out), to a server where they are logged (see figure 1). The data logged serve
several purposes and give us the opportunity not only to replay accurately the student’s
interaction with the system but also permit data-mining of information that would not be
accessible otherwise (eg. cancelled submissions or clicks). In addition, having developed
the agent for the logging is a step towards the agent that will be added to the ILE to
inform the student model about the actions the student takes.

The agent has been added to a web-based educational environment called WaLLiS
(see [10]) which has been integrated into the teaching of science and engineering students
studying mathematics at the University of Edinburgh. In this context, students are often
asked to interact with the system and explore the material either for the purposes of a
project or an assessment. Therefore, it is reasonable to assume that the data collected are
representative of the true and realistic usage that the final ILE would have.

3. Replaying and analysing the log files

As already mentioned, the data collected involve every student action from page selec-
tion to page abandonment and from mouse movements and clicks to key presses. The
full interaction makes it easier for experts and tutors to engage with the situation and
comment on the student’s state and on the actions that they, as tutors, would have taken.
Of course, an additional layer of information could be added by, for example, showing
video of the students and having talk aloud protocols. However, this would require a
controlled study and would also change the bandwidth of information that are available
to the expert compared to that of the system. Although we intend to combine and con-
trast our results with that of other empirical studies, where interactions are recorded in
more constrained environments, the primary goal here is to see what knowledge we can
extract from this situation with limited information. Our hypothesis is that detailed log
files allow subtle aspects to be manifested. These will provide enough cues based on
which one can take decisions regardless of the lack of information. If that is the case, we
could design the tutoring system to take account of the same information. Components
of the ITS could then use this information to take appropriate tutorial actions (eg. adapt
the following page, provide different feedback, intervene etc.).

The added benefit of this kind of data is that data-mining is now easier. Based on
suggestions in [13] we were particularly careful to record the context of each interaction.
This includes, apart from information of the particular student (background, academic
achievement), goals that they were asked to achieve, feedback given by the system, pre
and post assessment results. This way, the data need no reification at all and they contain
the same kind of information that the final ITS would have access to.
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3.1. Replaying and visualising interactions

In order to test our hypothesis and elicit knowledge for the student model, we will be
replaying the full interaction to human tutors asking them to comment on the actions
they would have taken and the factors which influence their decisions. We have only
conducted preliminary analysis at this stage and pilot studies that can inform the design
of the final study and help in automating the log file analysis. We have separated three
types of actions so far and these include:

� students’ page selection process (eg. speed, order)
� local actions in interactive pages (eg. reading theory, hint or solution requests)
� ’micro’ actions (keyboard and mouse actions like hovering over buttons, deleting

their input, cancelling a button click, actions in the input editor etc.)

All these are user actions based on which the tutor could adapt subsequent actions.
For example, page selection and abandonment shows what the student is interested in,
selection of easier tasks can provide information about the students’ motivation, confi-
dence, interest and learning style. More importantly, local actions such as reading care-
fully the theory, then asking for help and insisting on attempting to answer (instead of
immediately asking for the solution) can be used to inform the student model about per-
sistence. These kinds of actions, in particular, differ significantly from interactions that
occur in controlled situations. For example, students often abuse the help provided by the
system, provide random answers, exhaust the available hints in order to get the solution.

As we mentioned already, this is the first step of analysis and more research needs to
be conducted. Developing the right tools and being able to replay and visually represent
the data was a precursor to analysing them in a coherent way. The most difficult part now
is to identify the best level of abstraction for the various interactions and determine the
most interesting ones to replay. We have developed ad-hoc parsers which, depending on
the level of the desired analysis, build graphs to help us visualise the data.

Figure 2. Navigation actions Figure 3. Local actions

For instance, figure 2 illustrates two users with different behaviour. Student A at-
tempted to leave but under the system’s guidance (see [12]) did remain at the page to
complete the activity. Student B left, visited other pages and then returned to complete
it. Similarly, local actions may also have an effect on the tutor’s diagnosis. For example,
the interactions of student A, C and D (fig. 3) are quite different despite the fact that
they all ask for the solution at the end of the activity. So far, we have seen several se-
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quences of actions which provide evidence of what we could call ‘meaningful interac-
tion’. Finally, ‘micro’ actions can add to the overall picture of the student. For instance,
holding down a button and then releasing it after a while shows signs of hesitation. Simi-
larly cancelling the decision to click the submit button may show uncertainty on the cor-
rect answer. Results from other human-to-human studies that take place in a constrained
computer-mediated environment show that tutors do intervene when students seem hesi-
tant to reply and modify their strategy trying to increase their confidence. Without tools
that can record most (if not all) actions this information would have been lost.

3.2. Preliminary data-mining

So far, we have focused on a study designed around a particular context when WaLLiS
was used as part of the usual assessment that students have to undertake in the ‘Geom-
etry and Convergence’ course of the School of Mathematics of the University of Edin-
burgh. From the 126 students the interactions of 87 were useful to analyse1. Although
their performance was improved overall [11] we observed, perhaps not surprisingly and
consistent with similar findings in [1], that there is no significant evidence that high help
seeking correlates with the students’ performance when we partial out the effect of their
ability in particular questions in the prerequisite course;
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After replaying some of the data it was made clear that our model of interaction
should take into account factors such as confidence, persistence, and effort. Similar find-
ings are also reported in [4,1,6]. Our hypothesis is that some of these factors can be in-
ferred from the student’s interactions. For example, by identifying interesting aspects of
the interactions, which preliminary replays suggest they could hinder learning, we have
separated students who engage in particular interactions. Due to space limitations we
cannot list here all the details of the rules that group students but they include aspects
like asking for help sooner than a threshold of standard deviations below the mean time
of hint requests across all students in particular steps, exhausting help and requesting
solution without attempting to answer first, providing a random answer etc.

There is evidence that belonging to this group is correlated with performance orien-
tation as identified by interviews of 21 of them;

���*������)(�$�	+�, �"��
, � %� 	�	

, � -� �
	(�
. It

is also significantly correlated with their immediate attempt to access the related assess-
ment sooner than having finished all the learning material
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. These particular aspects of the interaction are related to theories (e.g. [9]) in
educational psychology which classify students according to performance and learning
orientation. Performance-oriented students try to avoid making mistakes or just try to
perform well without necessarily learning. Both of these goals can be achieved by the
interactions reported above. Our results provide evidence for the hypothesis stated in [6]
on the relation of gaming the system and performance orientation and shows that these
aspects of the interaction are interesting and should be investigated further.

Of course, as we mentioned before, it is important to investigate what the exact re-
sponse to this diagnosis should be. Aspects of the interactions can be subject to different
interpretations by different people. This is when replaying the log files to human tutors
and cross validating the results can provide more coherent results.

1Due to security issues, network noise, or other problems some logs are not useful for statistical analysis
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4. Conclusion

We discussed how the advent of ILEs and their integration into classroom provides an
opportunity to conduct research in more realistic situations, and inform the design of
more effective student models. Especially when one is interested in motivational, affec-
tive and generally behavioural characteristics of students, research can easily be compro-
mised by Hawthorne-like effects. To overcome these limitations we developed an agent
that records the full interaction of students even when they are working in their own time
and location. We have established differences in the interactions when they are working
without being observed that show that their interest, motivation and effort play a crucial
role in the way they interact. While searching for patterns and other ways to computa-
tionally analyse the data, we are replaying the recorded interactions to human tutors in
order to elicit knowledge that would be otherwise difficult to obtain. The data analysis is
still in progress. Having identified types of actions (navigation , local and micro actions)
and specific instances of them that potentially hinder learning will help us identify inter-
esting moments to reply in order to elicit diagnostic rules from experts that will inform
the design of the student model and the actions the system should take.
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Abstract.  Recent research points to the notion that motivation is a crucial 
factor when creating Intelligent Learning Environments (ILEs). Yet the 
research in motivation in tutoring systems has not considered relationships 
between features of ILEs and components of learners’ motivational structure. 
Several interesting questions can be addressed: (1) How do these 
features/ingredients impact on the motivational structure of learners? (2) What 
is the evidence that cause-effect relationships exist between those ingredients 
and the components of learners’ motivation? (3) If so, what is the nature of 
these relationships? This paper proposes to use a qualitative modelling 
approach to model motivational characteristics of learners while interacting 
with an ILE, particularly within the context of educational game and narrative. 
Some parts of work in the modelling process are presented. The model is also 
described in the aspect of process based on qualitative process theory. We 
outline an approach to validate the model at the end of the paper.  

 
 
Introduction 
 
Learners’ motivation is now regarded as a crucial aspect in developing an intelligent 
learning environment. The work by del Soldato & du Boulay [1] was foundational in that 
it dealt with motivational aspects of Intelligent Tutoring Systems (ITSs), in particular by 
including a motivational module which can perform motivational state modelling and 
motivational planning. de Vicente & Pain [2] also dealt explicitly with motivation in ITSs. 
They detailed an interesting approach to the detection of motivation and the outcome of 
their study was a set of 85 inferred motivational rules. 

However, the above research has not focused on how the communication method, 
particularly its components/elements, impacts on learners’ motivation. We define 
‘communication method’ as the context for presenting learning instructions to learners 
(e.g. online learning, Virtual Reality (VR), educational game, etc.). An educational game 
with a strong narrative was chosen to use as the communication method for modelling 
motivational characteristics of learners while interacting with an ILE because both 
combined together can have a strong impact on learners’ intrinsic motivation [3]. 

In section 2, we present the aim of our research including our research questions. 
Next, we describe a qualitative modelling approach to modelling the motivation of 
learners. We then end with our future steps and an illustration of how to validate our 
model. 

                                                 
1The author is a PhD student under the supervision of Prof. Paul Brna. Many thanks to him for his advice 
during the writing of this paper. 
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1. Modelling the Motivational Characteristics for an ILE 
 
Since there are no explicit models of how learners are motivated while using an ILE, we 
have chosen to research the construction of a learner’s motivational structure and this 
initiates the aim of our research: to create a predictive model of motivation for an ILE in a 
particular context. We believe that such a model will be potentially of great benefit when 
creating tutoring systems that take into account the motivational aspects of the learners. 
 We narrow down our attention to the educational game context as our 
communication method to learners because from the literature, the association of 
motivation, educational game and narrative seems to be strong [4-6] and it appears that if 
we can determine a motivational structure for any intelligent instruction in a particular 
context, the structure might not be the same as in other contexts. In other words, by 
varying contexts, motivational structure seems to change accordingly. Hence, our main 
research questions upon which this paper is centred are: given a specific context for an 
ILE, can we determine a motivational structure for learners during their interaction? Can 
we make progress in determining the way this might change during the interaction? 

We chose to investigate the relationship between the ILE features which we define 
as the basic elements that make up an ILE, and a learner’s motivational characteristics 
which we define as motivational variables of the learners which can be placed into two 
categories: trait (permanent characteristics) and state (transient characteristics) (adopted 
from de Vicente & Pain’s motivation model [2]) because we believe that there is a strong 
relationship between them.  

 
 

2. Qualitative modelling and motivation 
 
Qualitative modelling has a history which goes back much further than 20 years. At that 
time there was a great deal of interest within the Artificial Intelligence (AI) community in 
developing a qualitative physics that predicts and explains the behaviour of mechanisms in 
qualitative terms. The goals for the development of the qualitative physics are (1) to be 
much simpler than conventional physics, (2) to produce causal descriptions of physical 
mechanisms that are easy to understand, and (3) to provide the foundations for common-
sense models for the next generation of expert systems [7-8]. 
 Qualitative Modelling has been brought to the AIED community as a valuable way 
for students to learn conceptual knowledge. An example of using qualitative modelling to 
support learning is a development of model-building environments, VMODEL and 
HOMER/VISIGARP which help learners in constructing conceptual models of systems 
including their behaviour [9]. Another example is the use of qualitative modelling to 
capture and simulate commonsense theories about population and community ecology [10-
11]. 
 The motivation for applying the qualitative modelling approach to model 
motivation of learners stems from our consideration of motivation as a dynamic and 
complex system which is difficult to inspect. The qualitative approach can be used as a 
tool for dealing with such a system. It can be used for building conceptual models of 
complex systems, grounding explanations on explicit representations of the causal 
influences, implementing easy to change assumptions, testing different hypotheses and 
complementing numerical models. From the literature, one technique used for modelling 
affective states of learners is based on Bayesian approach; for example, Conati & Zhou 
[12] use Dynamic Decision Networks (DDN) which is an extension of Bayesian Networks 
to model emotional states of the user during interactions with a computer-based 
educational game, aiming to help students learn number factorization. We consider that 
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using the Bayesian approach can produce a numerical probabilistic model but it cannot 
easily provide information about the dynamics of the learners’ motivation. We are 
interested in providing a better cognitive account of what is going on when learners are 
motivated, so we can seek to manipulate that in a sound ethical and pedagogical manner. 
From our point of view, there are methodological advantages in developing a qualitative 
model before a quantitative one. 
 When creating a qualitative model in an ILE, there are some main characteristics 
needed to be identified such as the structure of the model, the behaviour and dependencies 
& causality [13]. A major focus of our research is a preliminary causal model that shows 
the cause-effect relationship between a learner’s motivational characteristics and ILE 
features. The current version of the model is shown in Figure 1.  
 

 
 

Fig 1. Causal model showing the relationship between a learner’s motivation and ILE features 
                                                                                                                          

de Vicente & Pain’s motivation model [2] has two motivational variables (sensory 
curiosity and satisfaction) which we did not incorporate to our model because we consider 
that the notion of sensory curiosity and attention is nearly the same and for satisfaction we 
believe that if the motivational structure of a learner looks like the model in Figure 1, the 
final state of the learner will be satisfaction. 

The above preliminary model comes from our intuition about the cause-effect 
relationships between the learner’s motivational characteristics and the components of the 
ILE. While these intuitions are based on a reading of the literature, these links ultimately 
need to be justified. We believe that a learner’s trait can influence the use of those ILE 
features directly either increasing or decreasing the use of them, so the ILE components 
should be able to adapt themselves according to the traits of the learner. Consequently, by 
designing the ILE that contains adaptive capabilities, this can positively impact on two 
states of the learner (attention and relevance). This will, then, leads to changes in the same 
direction for the rest of the states in the model (cognitive curiosity, effort and confidence) 
accordingly. Even though we expect that the states of the learner should be positive if it is 
the case that the ILE impact on the learner’s state negatively; for instance, feedback given 
to a learner might not provide important details for completing a task and this can reduce 
his/her motivational level in learning in certain circumstances, some features of the ILE 
should be able to adapt themselves according to the learner’s state to increase his/her 
motivational level again. The features we have considered are imagery and feedback 
which have influences on the attentional state of the learner. So, we use a two-way arrow 
to represent this kind of relationship. There is also another point in the model that is 
deserving of attention - the relationship between traits and the goal of the instruction. 
Notice that there is no link between them because we consider that in the real world when 
we develop any tutoring systems according to a specific curriculum, the goals of an 
instruction are fixed rather than flexible. 
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 2.1 Qualitative Process Theory and motivation 
 
We consider that our model should be further described in terms of process, the ways in 
which things change over time, because the means by which motivation actually changes 
have not been provided so far; and we also suspect that motivation seems not to be just 
about relationship or value, but also some sort of function incorporated with it. Hence, we 
employ qualitative process theory [14], which appears to be useful as a language in which 
to write dynamical theories, to define a simple notion of process among elements in our 
motivation model. Our central assumption within this theory framework is ‘All changes in 
motivational system are caused directly or indirectly by processes’. 
 Applying the qualitative process theory with our model, several process 
descriptions could be created. We define the term ‘process description’ as a description of 
process that causes motivaion.  A process can be specified by five parts: (1) the individuals 
(objects/elements) it applies to, (2) a set of preconditions, statements about the individuals 
and their relationships, (3) quantity conditions, statements of inequalities between 
quantities of the individuals or statements about the status of processes, (4) relations, the 
process imposes between the parameters of the individuals, (5) Influences imposed by the 
process on the parameters of the individuals. An example of the process description in our 
context is shown in Figure 2 (Adapted from modelling fluids and fluid flow [14]). There is 
another important idea in the theory which we think is crucial when modelling 
motivational characteristics of learners – determining changes in quantities of each 
individual because we consider that changes in quantities of the elements in the model can 
result in the process changing. To determine these changes, the Ds – values need to be 
created along with the limit analysis2. According to the theory, determining the Ds – values 
is called resolving the influences among the individuals in the process. An example of 
resolved influences3 in the process and the limit analysis is shown in Figure 3 (Adapted 
from modelling fluids and fluid flow [14]). 
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process  feedback-motivation 
Individuals: 
 fdb  an ILE feature   confd  a motivational characteristic 
 attn  a motivational characteristic  chlg  a motivational characteristic 
 cog_cu   a motivational characteristic indp  a motivational characteristic 
 efft  a motivational characteristic  
Precondition: 
 Given (fdb) 
Quantity Condition: 
 A[amount-of (fdb)] > ZERO 
Relations:  
 A[amount-of (cog_cu)] αQ

+ A[amount-of (attn)] 
 A[amount-of (efft)] αQ

+ A[amount-of (attn)] 
 A[amount-of (confd)] αQ

+ A[amount-of (attn)] 
Influences: 
 I+ (amount-of (fdb), A[amount-of (chlg)])    

 

 

 

Key: fdb is an acron
         attn is an acron
         cog_cu is an a
                         curio
         efft is an acron
         confd is an acr
         chlg is an acro
         indp is an acro

 I- (amount-of (fdb), A[amount-of (chlg)]) 
 I+ (amount-of (fdb), A[amount-of (indp)]) 
 I- (amount-of (fdb), A[amount-of (indp)]) 
 I+ (amount-of (attn), A[amount-of (fdb)]) 
 I+ (amount-of (fdb), A[amount-of (attn)]) 
Fig 2: A process description of how feedback can cause motivation 
 
 
 

                                                
 Limit analysis is used to determine how the quantity of the process structure can change. 
 Resolved influences are used to determine what changes are occurring. These changes can be represented 
sing the Ds – values (‘Ds – value = -1’ means the quantity is decreasing; ‘Ds – values = 1’ means the quantity 
s increasing; ‘Ds – values = 0’ means the quantity is uninfluenced) 
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Ds [amount-of (chlg)] = -1  Ds [amount-of (fdb)] = 1 
Ds [amount-of (chlg)] = 1  Ds [amount-of (fdb)] = -1 
Ds [amount-of (indp)] = -1  Ds [amount-of (fdb)] = 1 
Ds [amount-of (indp)] = 1  Ds [amount-of (fdb)] = -1 
Ds [amount-of (attn)] = -1  Ds [amount-of (fdb)] = 1 
Ds [amount-of (attn)] = 1  Ds [amount-of (cog_cu)] = 1 
Ds [amount-of (cog_cu)] = 1  Ds [amount-of (efft)] = 1 
Ds [amount-of (efft)] = 1  Ds [amount-of (confd)] = 1  
 
Limit Analysis: 
 IS: {chlg, indp, fdb, attn, cog_cu, eff, confd} 
 PS: {feedback-motivation (chlg, indp, fdb, attn, cog_cu, eff, confd)} 
  
 
 
   LH: A[amount-of (attn)] = medium v A[amount-of (attn)] = high 
   IS: {attn} 
   PS: { } 
 
   LH: A[amount-of (attn)] = A[amount-of (cog_cu)] = A[amount-of (efft)] = A[amount-of (confd)] 
   IS: {chlg, indp, fdb, attn, cog_cu, eff, confd} 
   PS: { } 

 Key: LH is an acronym for limit hypotheses. 
         IS is an acronym for the individuals in  
                  the situation. 
         PS is an acronym for the process structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3: Resolved influences and limit analysis 
 
 
3. The Future Steps 
 
The research presented in this paper is ongoing, with future work including not only the 
development of prototype - the simulation of the model, but also validation for the 
plausibility of the model 

As an illustration of the approach described so far, we are applying our model in 
the context of an educational game with a strong narrative. The particular type of game 
that we are focusing on is role-playing games (RPG) in which human players assume the 
characteristics of some person or creature type. We chose to construct the RPG as a 
prototype used in the experimental study because from the literature, RPGs have 
characteristics that support the new concept of narrative, emergent narrative which is the 
narrative generated by interaction between characters in the style of improvisational 
drama, rather than the authored narratives in more widespread use [15-16]. We consider 
that this kind of narrative can have a great impact on the learner’s motivation. The domain 
knowledge that we aim to teach is the concept of entity type and attribute type which are 
the two main concepts for Entity Relationship Modelling (ERM). A story line for our 
prototype is already created and the story theme is to help recover a character called Emma 
from her serious illness by taking drugs prescribed by a cold-hearted doctor. Currently, we 
are looking for the engine which can be used with the game to predict the learner’s 
motivation. 

As part of the model validation, we plan to deploy our system with a group of 
students to estimate values of their motivation. The methodology used for capturing these 
values must take into account the problems of interrupting participants while they are 
working with the system as this might make it difficult to keep on track with what they are 
doing. Hence, we need to specify points at which we can easily interrupt the processes and 
use absolute questions about the variables of interest or probably more productively, 
relative questions to get some data for verifying our model in terms of the total model and 
the separate components. By ‘validating the components of the model’ we mean to check 
whether these components are plausible for an ILE within a specific context whereas 
‘validating the total model’ means to check whether the relationships among those 
components really exist. The data collected from the experiment will then be used to 
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compare with the model’s behaviour to see if it needs to be changed to make it more 
consistent.   
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Olivier Motelet 2

DCC - Universidad de Chile

Abstract. Learning Object Metadata (LOM) intends to facilitate the retrieval and
reuse of learning material. However, the fastidious task of authoring them limits
their use. Motivated by this issue, we introduce an original method for LOM gen-
eration based on relations between LOM documents. These relations significantly
influence the attribute values. We formulate this influence with heuristics of acqui-
sition, suggestion and restriction. A diffusion framework for these heuristics is sug-
gested. In the context of relation-based graphs of LOM documents, this framework
models the recursive processing of the heuristics. The generated values could then
be used to assist users in generating LOM documents.

Keywords. learning material reuse, learning object metadata, metadata generation

1. Introduction

Since a few years, reuse of learning material is becoming a leitmotiv for researches on
computer-aided education. A first obvious motivation is the economic interest of reusing
learning material instead of authoring it indefinitely. Other motivations can be found in
the pedagogical area. For instance, learner centered education focuses on the individual
needs of learners. In such a pedagogical context, both the teaching and the learning ma-
terial should adapt to a large variety of situations. In order to cope with this task, vari-
ous researches aims at providing intelligent adaptation of didactic material to the learner
profile (see [Mur99,Mer01,Bru96] for a sample). Despite very interesting results, these
approaches imply an important bootstrapping cost due to the building of content-specific
rules. For a setting in which the teacher remains responsible for learning material adapta-
tion, literature suggests material should be easily adaptable during the class. It supposes
the material to be sufficiently varied in order to precisely suit learners’ profile. If such
a generic material remains difficult to build from scratch, it could reasonably be the re-
sult of an emergent collaborative effort of teachers. To achieve this goal, the storage and
the retrieval of learning material is needed. Most efforts in this area deal with the con-
cept of learning objects referring to shared digital educational material [Wil00]. Learn-
ing objects (LOs) are described and referenced by Learning Object Metadata (LOM).
LOM documents and their associated LOs are stored and retrieved in Learning Object
Repositories (LORs).

1This work was partially financed by the IT Cooperation Center Chile-Korea and E-Lane Project
2Correspondence to: Olivier Motelet, DCC - Universidad de Chile, Avenida Blanco Encalada 2120, Tercer

Piso, Santiago, Chile , C.P. 837-0459, Tel (+56 2) 678.4365, E-mail: omotelet@dcc.uchile.cl
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Sharing learning objects is presently related with the fastidious task of instantiat-
ing the almost 60 metadata attributes of the IEEE LTSC LOM specification1. How-
ever, if we aspire to see regular teachers sharing and reusing learning material, the
use of learning material distribution system should remain as light as possible. For
this reason, the research community seriously focuses on the metadata generation is-
sue [DH04,SDM+04,Dow04]. Following this direction, our work introduces an original
framework to facilitate LOM instantiation.

First, this article presents researches about metadata generation. Then, it states that
the relations between LOM documents influence the attribute values of these documents.
Some heuristics are defined to formulate this influence. Next, a framework for diffusing
recursively the effects of these heuristics is presented. Finally, the model is discussed.

2. Metadata Generation

Today, most tools for authoring LOM documents are form-based. Even if a form facili-
tates the use of the hierarchical syntax of XML, it does not support the instantiation of the
LOM attributes. Most researches agree on the fact that metadata should be automatically
generated [SDM+04].

Almost half of the LOM specification refers to the work of the Dublin Core Meta-
data initiative (DCMI2). Recent tools dedicated to the automatic generation of DCMI
attributes give considerable results [Irv04]. They typically extract the information from
the document content. However, most attributes of LOM are not processed by such gen-
eration tools and in particular those concerning educational topics. Indeed, the educa-
tional information generally remains implicit in the learning material. Recently, natural
language processing was used to efficiently generate the educational attributes of LOM
[YFL04]. However, this work is dedicated to the processing of particular learning objects
describing lesson plans.

Duval et al. [DH04] suggest to extract educational information from the course au-
thoring tools. During a same authoring session it is expected that some characteristics
are shared by all the learning objects (e.g. author, educational context, typical age range,
or language). Therefore, the authoring tool could hold this information so that it should
properly be diffused to the metadata of learning material. Pinkwart et al. [PJO+04] study
another source of information for generating metadata; they relate various versions of
a same learning material. Nevertheless, this approach focuses on a specific context of
collaborative learning.

In [Gre04], Greenberg affirms that the best metadata generation option remains to
integrate both human and automatic processes. According to this trend, metadata sug-
gestion emerges as another important topic in the field of metadata generation. Crystal’s
studies [Cry03] confirm the benefits of context exposition during metadata authoring. In
practice, Hatala et al. [HR03] extract suggestions for metadata values from inheritance,
accumulation, content similarity, and semantic similarity between learning objects.

Other works focus on limiting the set of possible values (scope and vocabulary) (1) to
ensure the quality and consistency of the metadata [Dow04], and (2) to facilitate machine
processing of the results [QH04]. This consideration is directly related to the concerns

1http://ltsc.ieee.org/wg12/
2http://dublincore.org
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hasPart

hasPart

hasPart

general/title = Loops
general/keyword = {loops}

educational/context = ?
general/aggregation_level = ?

L general/title = While
general/keyword = {while, 

condition,variable scope}
educational/context = high school

general/aggregation_level = ?

L1

general/title = While Example
general/keyword = {while,java}

educational/context = ?
general/aggregation_level = 1

L3general/title = For
general/keywords = {for, 
condition, increment}

educational/context = high school
general/aggregation_level = 2

L2

Figure 1. Sample of LOM documents in completion process.

of the semantic web. In this sense, the definition of an ontology for LOM [QH04] is a
forward step.

3. Relation Influence on LOM documents

This section describes how the context drawn by the relations between learning objects
can be used to generate, suggest and restrict the instantiation of LOM documents.

LOM not only describes learning object content but also its learning style and its in-
tended learning context. This pedagogical information is particularly useful for teachers
for retrieving appropriate material. It typically refers to the learners’ profile, the learn-
ing environment and the global lesson surrounding the associated learning object. The
relations with other learning objects are also part of this pedagogical context. For that
reason, these relations are explicit in the LOM documents.

We state that a specific relation between two LOM documents could imply that the
value of the attributes of one will influence the value of the attributes of the second. Let
consider the four LOM documents pictured in figure 1. In this example, the LOM docu-
ments L and L1 are respectively linked to L1 and L2, and L3 with an hasPart relation.
According to the definitions of the general/keyword attribute and the hasPart relation, it
seems logical that L could also hold the keywords of L1 and L2. Similarly, L1 could
inherit the keywords of L3. This logic is based on a subjective interpretation of the LOM
specification and a generalization of this statement remains out of the scope of this work.
Nevertheless, it is obvious that such an heuristic could facilitate LOM instantiation. In
the same example, we also observe that the value of the educational context of docu-
ment L have significant possibilities to be the same that the educational context of L1
and L2. As argued in the previous section, such a suggestion is of interest for the user
instantiating LOM documents. Finally, the definitions of the general/aggregation_level
attribute and the hasPart relation impose that the aggregation level of L cannot be infe-
rior to the aggregation level of L1 or L2. Similarly, the aggregation level of L1 cannot be
inferior to the aggregation level of L3. LOM document instantiation should also consider
such restrictions. In this example, three types of heuristics have been illustrated. They
are heuristics of acquisition, suggestion and restriction. Note that the specific values of
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our examples did not influence the definition of these heuristics. In fact, each heuristic
depends only on a specific attribute and a specific relation type.

4. Heuristic Diffusion Framework

This section defines a framework describing how the acquisition, suggestion and restric-
tion heuristics are processed. We call it diffusion framework for its recursive nature.

In the previous section, we introduced an acquisition heuristic for the LOM attribute
general/keyword and the relation hasPart. This heuristic applied on the LOM document L
of figure 1 returns the keywords of all the documents linked to L with an hasPart relation,
concretely {while,condition,variable scope,java,for,increment}. Consider a function φAcq

returning the general/keyword values of the LOM documents associated to the document
L with the hasPart relation. Then,

φAcq(L, general/keyword, hasPart) = { (L1, {while,condition,variable scope,java}),
(L2, {for,condition,increment})}

With such a function, the acquisition heuristic for general/keyword and hasPart can be
formulated for any LOM document l:

AcqHeur(general/keyword,hasPart)(l) =
⋃

vi

where the vis are in the set of generic values provided by φAcq(L, general/keyword, hasPart)
This definition is tight to the couple (general/keyword,hasPart). For instance, an

acquisition heuristic for (educational/semantic_density,hasPart) would not implement a
union but a mean balanced by the values of an additional attribute3.

For all LOM documents, the original value of an attribute and the value due to
heuristic processing are conceptually different. The first will be invoked with a function
AcqV al. The second will be retrieved with a function AcqDif . The latter is a union of
the original value of the attribute and the acquisition heuristic results for this attribute.
Concretely, applying these functions on the document L and its general/keyword attribute
gives:

AcqV al(L, general/keyword) = {loops}
AcqDif(L, general/keyword) = {loops,while,condition,variable scope,java,for,increment}

We formally define an acquisition heuristic diffusion framework as the set of the
functions introduced in this section.

Definition 4.1 (Acquisition Heuristic Diffusion Framework) Let A be the set of at-
tributes of the LOM specification, T the set of relation type between LOM documents, L
the set of LOM documents, V the set of generic values, and R = L×T×L the set of
existing relations between LOM documents, then

• AcqV al : L×A → 2V
• AcqDif : L×A → 2V . With l ∈ L, and a ∈ A,

AcqDif(l, a) = AcqV al(l, a) ∪
⋃

t∈T
AcqHeur(a, t)(l)

• AcqHeur : A×T → L → 2V
• φAcq : L×A×T → 2L×2V . With l ∈ L, a ∈ A, and t ∈ T,

φAcq(l, a, t) = {(l′, AcqDif(l′, a))/l′ ∈ L
∧

(l, t, l′) ∈ R}

3Such complex heuristics can be found at http://www.dcc.uchile.cl/∼omotelet/heuristics.pdf
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The recursive aspect of the framework is introduced by φAcq calling recursively the dif-
fusion function AcqDif on the related LOM documents. If this version of φAcq suits our
simple example, in a more realistic context it also needs to manage with recursion depth
and cycle prevention, but this is part of future work.

A suggestion heuristic diffusion framework is similar to the acquisition framework
except the definition of φSug . In this case, both the suggestion diffusion and the acquisi-
tion diffusion should be recursively called. With a ∈ A, t ∈ T, and l ∈ L,

φSug(l, a, t) = {(l′, AcqDif(l′, a) ∪ SugDif(l′, a))/l′ ∈ L
∧

(l, t, l′) ∈ R}

A restriction heuristic diffusion framework differs from the previous frameworks
since a restriction consists of couples operator-value. The previous section intro-
duced a restriction heuristic tight to the couple (general/aggregation_level,hasPart)
(noted (Agg,hasPart)). In the LOM document set of figure 1, we can observe that
ResHeur(Agg,hasPart)(L1) = {(’≥’, 1)} and ResHeur(Agg,hasPart)(L) = {(’≥’,max(1,2))}.
Such results can be obtained thanks to a function φRes processing recursively not only
the restriction diffusion but also the acquisition restriction. Let O be the set of operators
for characterizing constraints. Then,

φRes : L×A×T → 2L×2O×2V
. With l ∈ L, a ∈ A, and t ∈ T,

φRes(l, a, t) = {
(
l′, {(’=’, AcqDif(l′, a))} ∪ResDif(l′, a)

)
/l′ ∈ L∧(l, t, l′) ∈ R}

With this function, the restriction heuristic of (Agg,hasPart) can be defined for any LOM
document l:

ResHeur(Agg,hasPart)(l) =
{
(’≥’,max(vij))/oij = ’≥’ ∨ oij = ’=’

}/
(li, (oij , vij)) ∈ S, li ∈ L, oij ∈ O, vij ∈ 2V

where S = φRes(l, Agg, hasPart)

5. Discussion

The theoretical advantage of LOM documents for reusing learning material is limited by
the difficulty to generate them. Motivated by this issue, this work introduced an original
method for metadata generation based on relations between LOM documents. These re-
lations offer relevant information for LOM attribute instantiation. In practice, this infor-
mation is generated by three types of heuristics: acquisition, suggestion, and restriction.
A diffusion framework models the recursive processing of these heuristics on a relation-
based graph of LOM documents. An existing work on rule-based metadata generation
[HR03] focused on analyzing LOM packaging frameworks like SCORM and IMS-LD,
and the similarities between LOM documents. These analysis result in sets of suggested
values. Since our approach studies a different mechanism, i.e. a relation graph, it is com-
plementary to this work. Moreover, our system not only suggests values for LOM in-
stances but also restrictions for these values.

Further work is needed in order to consolidate and implement the system. In particu-
lar, recursion depth and cycle prevention should be controlled. Since our approach takes
benefits of relation-based graphs of LOM documents, a consistent set of relation types
should be defined in order to increase the generation potential of the system. Moreover, it
is necessary to define sound heuristics which may be based on a LOM ontology. Finally,
well-defined taxonomies for LOM attribute values would increase the potential of our
system.
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Another perspective for our heuristic diffusion framework stands in the retrieval of
learning objects. In a course authoring system based on graphs of LOM documents (e.g.
[BPM03]), a LOM node without reference to a concrete learning object could be consid-
ered as a query on a learning object repository. Since this node is part of a relation graph,
it could receive acquisition and restriction values from our system. This feature could
significantly precise the query with the pedagogical context of the lesson being authored.
Moreover, the suggestion values available in our framework could be used to effectively
refine the query result ranking.
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Abstract. This paper describes a proposal of a ‘from A to Z’ virtual learning process 
and its preliminary validation which consists of representing the knowledge, authoring 
graphically the subject-matter domain, modelling the students’ believes and offering to 
each learner a personalised suitable feedback.  
  

Introduction 
 
An important technological concept is being considered by an increasing number of 
universities and revolves about the idea of virtual learning. Nevertheless, several related key 
issues should be addressed, such as (1) the necessity to accurately represent the knowledge of 
the taught domain and the one handled and used by learners when interacting with the teaching 
material; and (2) the need to have tools which ease representing and modeling that knowledge 
and which are used by professors without the obligation of high capabilities in computer 
science at their disposal. These crucial points emerge the importance to exploit a 
representational model which offers structures that are closer to those recognised by 
psychology and cognitive science regarding the human learning processes. Especially, if one 
wishes to develop educational systems capable to adapt contents to the student profile and its 
needs [6] and to provide tailored aid to learners according to their cognitive states [8].  
 To approach the mentioned issues, the broader aim of the research discussed here is (i) to 
suggest a formal model of knowledge representation that is inspired from psychology cognitive 
theories, (ii) to facilitate modelling the domain knowledge via user-centred graphical authoring 
tools which are “life-complicated free” and (iii) to propose appropriate remediation and 
suitable suggestion mechanisms applied to help students engaged in learning activities through 
virtual learning environments. The following sections give a thorough account of our proposal. 
Section 1 describes the proposed theoretical model of knowledge representation and puts one’s 
finger on some of its originalities. Section 2, presents an authoring tool prototype which offers 
the opportunity to model the knowledge according to the proposed model. Section 3 introduces 
a learning environment prototype designed in order to exemplify educational systems which 
use teaching material specified via the authoring tool. Preliminary experiments are depicted in 
section 4, followed by current developments in section 5. 
 
1. Theoretical Model 
 
If one has the ambition to endow an artificial system with competence in teaching, then it is not 
possible to be unaware of all that concerns the human cognition and the related knowledge 
structures in the human memory. Different approaches in cognitive psychology propose 
various sets of knowledge representation structures [5,9]. Nevertheless, these sets are not 
necessary compatible [4,10]. Although there is neither consensus on the number of the 
subsystems nor on their organisation, the majority of the authors in psychology mentions (in 
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some form or in another) three main subsystems presenting, each one, a particular type of 
knowledge:  (i) semantic knowledge [13], (ii) procedural knowledge [14] and (iii) episodic 
knowledge [15]. 
 The proposed model regards semantic knowledge as concepts taken in a broad sense. 
Thus, they can be any category of objects and/or their relations. Moreover, these concepts are 
subdivided in two categories:  primitive concepts and described concepts.  The first are defined 
as syntactically non-split representations; i.e., primitive concept representation can not be 
divided into parts. For example, in propositional calculus, symbols "a" and "b" of the 
expression "(a & b)" are non-split representations of the corresponding proposals. On the other 
hand, described concepts are seen as syntactically decomposable representations. For example, 
the previous expression "(a & b)" is a decomposable representation that represents a 
conjunction between proposal "a" and proposal "b", two primitive concepts. The symbol "&" 
represents the conjunction logic operator (AND), and is a primitive concept. In this way, the 
semantic of a described concept is given by the semantics of its components and their 
associations which take those components as arguments to create the described concept (the 
reader can find in [12] more theoretical details and descriptive examples).  
 In opposition to semantic knowledge, which can be expressed explicitly, procedural 
knowledge becomes apparent by a succession of actions achieved automatically – following 
internal and/or external stimuli perception – to reach desirable states. In this sense, a procedure 
is a mean of satisfying needs without using the attention resources. The automation via the use 
of procedures reduces the cognitive complexity of problems solving [14]. Nevertheless, a 
procedure can also be transformed into semantic knowledge by means of reification [2]. The 
model subdivides procedures in two main categories: primitive procedures and complex 
procedures. Executions of the first are seen as atomic actions. Those of the last can be done by 
sequences of actions which satisfy scripts of goals. Each one of those actions results from a 
primitive or complex procedure execution; and each one of those goals is perceived as an 
intention of the learner cognitive system.  
 The episode representation is based on instantiation of goals. These are seen as a generic 
statements retrieved from semantic memory. In other words, the episodic knowledge is 
organised according to goals. Each episode specifies a goal that translates a learner interest and 
gives a sense to the underlying events and actions. If the goal realisation requires the execution 
of a complex procedure, formed by a set of "n" actions, then this goal will be composed of "n" 
subgoals whose realisation will be stored in "n" sub-episodes. Thus, executions of procedures 
are encoded in episodic memory where each goal achievement is encoded in an episode.  In 
this way, the learner episodic knowledge reflects its experiences details during the training 
activities and the related temporal relations allowing the reconstruction of previously lived 
events as well as the time and context in which they took place. 
 
1.1 Originalities 
 
The model’s distinction between semantic and procedural knowledge is mainly based on the 
criteria of the ACT-R theory [2]. However, in the approach proposed here, it is suggested to 
take into account an additional component of the declarative memory: the episodic memory, a 
structure which is characterised by the capacity to encode information about lived facts 
[13,15]. Humphreys [11], for instance, affirms that cognitive models which do not make a 
distinction between declarative and episodic cannot distinguish various occurrences of the 
same element of knowledge.1 
 Moreover, ELM-ART [16], a tutoring system conceived to initiate students at the LISP 
programming, models the learner knowledge respect to (1) the subject-matter domain and (2) 
to a student history, represented by a set of episodes whose each one described a lived specific 
activity during the learning process. The episodic knowledge structuring suggested here is 
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distinguished from that of ELM-ART: it places any episode in a novel hierarchical context. 
The proposed structures connect concrete episodes in a hierarchy which is not of the type 
generalisation/specialisation as in ELM-ART, but rather of the type event/sub-events where 
event is represented by an ancestry episode and sub-events are represented by a line of descent 
episodes. Thus, for an adequate strategic reasoning, it is possible – for example – for an 
intelligent agent to scan and scrutinise the episodic history in order to extract relevant indices 
directly from concrete episodes.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Authoring the Virtual Course Knowledge 
 
An authoring tool prototype was designed in attempt to offer an environment that permits (1) 
to model graphically the subject-matter domain knowledge and (2) to transpose it 
automatically into a related XML file, generated to serve as a knowledge support for a tutor 
reasoning purpose. The left-hand side of the environment (see figure 1) consists of a drawing 
pane where the various types of knowledge can be represented by means of specific symbols. 
Our structural model offers two types of diagrams: conceptual diagrams and procedural 
diagrams. The former specifies hierarchical links ("is-a") and aggregation links ("part-of") 
between primitive and/or described concepts of the knowledge domain.  The  latter  contains 
(1) specification links connecting a complex procedure and all the subgoals which it specifies, 
(2) satisfaction links joining a goal and all the procedures which attempt to achieve it, and (3) 
handling links involving a goal and its handled cognitions. These are concrete instances of 
concepts and are taken as parameters by goals which pass them to procedures. The right-hand 
side of the environment permits the author to specify detailed information about the knowledge 
entities (see figure 1). This information is organised in slots. Those of a concept are either 
metadata that provide general information (e.g., the concept’s name, its description and its 
author’s name) or specific data of the concept (e.g., its concept type, a list of goals which use it, 
etc). Other than the metadata slots, each procedure is mainly characterised by its arguments 
specification, a script that indicates a sequence of actions to achieve, a set of constraints on the 
use of the procedure and pointers to some resources to teach it. Goals have four specific slots 
(in addition to all the concept’s slots). "Skill" describes the necessary skill to accomplish the 
goal, "Parameters" indicates the types of its parameters, "Procedures" contains a set of 
procedures which can be used to attain it and "Didactic-Strategies" suggests strategies to teach 
how to realise that goal. 

 

Figure 1: An example of knowledge modelling and specification via the authoring tool. 
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 Figure 1 illustrates an example of a procedural diagram (label 1) which defines that the 
goal "reduce (F & T)" (a specification of the abstract goal "reduce_Expression-Conjunction") 
can be achieved by means of two procedures: "AppRedConjTrue" and "AppRedConjFalse". 
The former is the procedure that applies the reduction rule of a conjunction with the "True" 
truth constant. The latter reduces conjunctions with the "False" truth constant. The diagram 
also defines that the goal "reduce (F & T)" handles three cognitions: "cst_t", "cst_f" and 
"oper_and". The first is a concrete instance of the concept "Constant_True", the second is of 
the concept type "Constant_False" and the third is an instance of the concept 
"Operator_Conjunction". Figure 1 also shows the related structural diagram (label 2) which 
defines hierarchical links between these concepts. The two former are a specification of the 
primitive concept "Truth_ Constant" which inherits from the abstract concept "Object" and the 
latter is a specification of the primitive concept "Logical_ Operator", also a sub-concept of 
"Object".  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. The Learning Environment Prototype 
 
The subject-matter domain of the learning environment prototype (LEP) is the algebraic 
boolean expressions and their simplification by means of reduction rules, generally taught to 
undergraduate students. Within the LEP, preliminary notions, definitions and explanations 
constitute a necessary knowledge background (available through sections exploration via 
clicking buttons) to approach the boolean reduction problem. In order to show optimal 
solutions to simplify expressions and to enlighten learners, examples (whose each one is 
generated randomly respect to a variable degree of difficulty chosen by the learner) are given. 
In addition, learners can also enter, by means of a visual keyboard, any boolean expression 
they want and ask the system to solve it. In this case, the problem solving steps and the applied 
rules are shown on a blackboard. For example, figure 2 illustrates a complexity level 4 
example proposed by a learner. In another section of the LEP, exercises (also with variable 
complexity levels) give opportunities to learners to practice the boolean expressions reduction 
problem solving. Via the visual keyboard, learners reduce initial boolean expressions by 
choosing suitable simplification rules to apply in the order they want. Although various tutorial 
strategies are to be considered, actually, the prototype applies the Cognitive Tutor strategy [3], 
implemented within several intelligent tutoring systems and which its effectiveness has been 

Figure 2: The resolution made by the system for a complexity level 4 example proposed by a user. 
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largely proven [1,7]. Consequently, in the case of erroneous rule choice  (or application)  on  
any of the sub-expressions (forming the initial given expression) the system notifies the learner 
and shows her/him (i) the selected sub-expression, (ii) a correct rule to reduce it, (iii) the 
resulted simplified sub-expression and (iv) the current state of the global expression. 
 
4. Preliminary Experiments 
 
For implementing the approach, a first practical validation was (1) to model by means of the 
authoring tool prototype (section 2) the necessary knowledge for the boolean expressions 
reduction rules usage and (2) to build the LEP related to that activity (section 3). In a second 
practical validation, and during early pilot-tests of the model, students in computer science and 
in mathematics, whose attend courses dedicated to logic calculus, have been asked to practice 
the reduction of boolean expressions by using the LEP. By this experiment, the interest was the 
computational modelling of each learner’s resolution processes during a problem solving task 
in a real learning situation. In these processes (and according to the proposed model), each step 
corresponds to a transition realisable by means of primitive or complex procedure applied to 
satisfy a goal or a subgoal. This procedure handles primitive and/or described concepts such as 
rules, proposals, logical operators and truth constants. Traces of the resolution, adopted by each 
learner, have been stored. For each learner and each made exercise, the system notes the 
procedures used as well as the cognitions created and handled. Since a procedure is generally 
called to achieve a goal, for each test the collected data allow deducing goals (and their 
subgoals) formulated during the reduction process. Parameters of this experiment are reported 
in Table 1. 
 

Table 1:  Main parameters of the experiment 

Complexity level 1 2 3 4 5 
Number of exercises 4 4 5 6 6 
Number of students 10 10 10 10 10 

 
Pilot-tests allowed evaluating successfully the dynamic aspect of the representation offered by 
the model. This was noted (during the learners’ resolutions) in the non-predefined 
combinations between occurrences of concepts and the procedures handling them when 
achieving goals. Primitive units of semantic and procedural knowledge, chosen with a small 
level of granularity, are used to build complex knowledge entities which are dynamically 
combined – to create a new knowledge – in order to represent the learner cognitive activity. 
The stored traces of this activity represent a content formed by an episodic knowledge specific 
to each learner.  
 
5. Current Developments 
 
Learners’ behaviours careful observations allowed confirming that if the task is relatively 
complex, there can be various correct manners to do it. This engenders different behaviours in 
achieving the same task. The broader aim of the current work is to validate the idea that since 
there are multiple correct ways to solve a complex problem, it would be more effective to tailor 
a tutorial strategy – for each learner – which is based on the particular manner chosen by that 
learner and stored within his/her episodic history. This specific strategy will be based on 
retrieving and recovering the knowledge that s/he handled when attempting unsuccessfully to 
achieve the learning task. More precisely, in the proposed model, when a learner makes an 
error, satisfying the goal that s/he wished to accomplish was realised by means of a non-valid 
procedure. This error results from bad interpretation of the situation, causing a choice of  
procedure which (i) can be correct but whose application cannot be done in the current context 
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or (ii) is invented and false. In this case, the procedure will be labelled (within an episode in 
which the erroneous result is stored) as a "procedure-error" and will lead to formulate a set of 
valid procedures that the learner should have used to achieve the goal. At this stage, learning 
and mastering these correct procedures (or at least one of them) will be one of the immediate 
objectives of the tutorial strategy. More specifically, as the episode containing the ‘procedure-
error’ comprises an instance of the goal, the set of valid procedures which satisfy it will be 
deduced starting from the goal prototype. This last also contains the necessary didactic 
resources to teach these procedures which, if they are complex, specify subgoals whose each 
one contains its own didactic resources. In this way, a tutor can easily conceive an ordered 
sequence of valid procedures allowing accomplishing correctly any goal. Particularly, those for 
which the learner has failed. Conceiving an elaborate version of the tutor that permits to 
provide a personalised feedback to fill each learner knowledge lack is actually under 
development. Verifying the effectiveness of such tutoring strategy is also planned. These last 
points – once entirely completed – will be probably detailed in futures papers. 
 
--- 
1. To fill this gap, ACT-R permits to create several instances of the same chunk type in order to indirectly simulate  
    the existence of an episodic memory. However, this form of memory does not have an explicit structure. 
2. ELM-ART makes abstraction on the context of each episode. To predict the student behaviour, it only examines 
    a static structure, an abstract generalisation of all similar concrete episodes. 
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An Orientation towards Social Interaction: 
Implications for Active Support

Maarten OVERDIJK and Wouter van DIGGELEN
Department of Educational Sciences, Utrecht University

Abstract: Small group discussions are a common practice in the classroom. Several 
collaborative technologies based on networked computing have been developed to 
support these discussions. Computer-mediated communication offers opportunities to 
develop systems that provide users with ‘on the spot’ information about their 
performance. Such a system can reflect information that heretofore could only be 
provided by a human facilitator of a group discussion. We focus on one particular kind 
of collaborative technology: a shared workspace system for “graphical” discussion. 
The active system should be able to transform data to useful information, and 
moreover, it has to deal with change in the way that rules and resources govern users’ 
actions and interactions. In order to further develop such a system, we need to adress 
conceptual issues regarding the analysis of technology-mediated interaction. This paper 
presents an exploratory orientation towards interaction from a social perspective, and 
discusses some implications for active support.

Keywords: Active support, Technology-mediated interaction and Structuration theory.

1. Introduction

Small group discussions are a common practice in the classroom. Several collaborative 
technologies have been developed to support these discussions. These technologies – based 
on networked technology – mediate the interactions of participants of the discussion. Because 
interaction data is stored, it can be used for further analysis. This implies that collaborative 
technologies can be extended with systems that analyse interaction data and provide 
participants with ‘on the spot’ information about their performance. These systems are based 
on some formal analytical framework that aggregates interaction data into meaningful 
information. They are considered to be ‘intelligent’ because they have the potential to take 
over – parts of – the role of the human facilitator. However, we state that these formal 
frameworks may not fully address the dynamics of social interaction. Rules of interaction are 
not stable entities but arise and evolve during interaction. To develop an ‘intelligent’ system 
we need to address the interplay between human actors, the technology and the rules that 
emerge during interaction. In this paper we present an alternative perspective – structuration 
theory - that stresses the relationship between the human actor, (technological) resources and 
rules as mutual constitutive. This perspective has implications for the analysis of interactions.

2. From collaborative technologies to ‘intelligent’ support

In this paper we focus on one particular kind of collaborative technology: a shared 
worskspace system for graphical discussion. Tools for graphical discussion enhance learning 
discourse by providing learners with the means to ‘express knowledge in a persistent 
medium where the knowledge then becomes part of a shared context” [20].
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Shared workspace systems
The Digalo1 tool offers the user a shared workspace with a graphical user interface and a 
notation system that supports specific kinds of communicative acts, i.e. users can put 
forward a textual message in a contribution box, and relate associated contributions through 
the use of links. The Digalo is designed as a tool for “graphical” discussion, and can be 
utilized to support collaborative activity like problem-solving discussion. In our studies we 
used the Digalo to support small-group problem-solving discussions in the classroom where 
each group member was located behind a workstation, within physical distance from each 
other and with the ability to interact (non)verbally or electronically.

Pre-structured support
In its present form, a system like Digalo does not actively provide any ‘intelligent’ support 
to its users. However, a system that mediates users’ communication always provides some 
kind of support. The system shapes the discussion because it enables the occurrence of 
certain actions while it constrains others. This so-called pre-structured support concerns e.g.
the organisation of participation in the activity (turn-taking, simultaneous access), 
communicative acts (notation system), accessibility of information sources (anonymity of 
users) or modality of expression (textual, diagrammatic). The type of pre-structured support 
offered by Digalo – from here on referred to as the structuring properties of the tool – is 
designed to support problem-solving discussions.

Active support
Active, ‘on the spot’ support may provide users with current information about their –
individual or group – performance which they may use to adjust their subsequent actions. 
This kind of support is based on a system that collects interaction data and transforms the 
data into models of interaction that are presented to the learner, directly or after a comparison 
with a desired state of interaction [10][13].

3. Problem statement: from data to information

A collaborative technology like Digalo enhances students’ discourse with additional 
resources, such as e.g. a shared workspace and a notation system. However, it is not so much 
the resources provided by a medium persé that determine the nature of its use, but rather the 
rules and conventions that result from ongoing discursive application. Moreover, research 
findings e.g. [4] indicate that the rules that govern users’ actions and interactions in a shared 
workspace system are by no means stable, but rather subject to a process of change. More 
precisely, these rules have an emergent character. So, rather than focusing on the ´fixed´ 
material characteristics - or resources - provided by a collaborative technology, one should 
take into account the way in which these resources are focused in practice through the use 
of rules.

In the shared workspace of Digalo, users can perform communicative actions in a textual and 
in a graphical modality of expression. Moreover, their interaction can proceed in a temporal 
sequence, spatially, or along both these dimensions. A system that uses interaction data to 
construct models of interaction requires an analytical framework that accounts for how the 
electronic discussion proceeds according to the interaction rules, and also for how these 
rules evolve and change during interaction. Moreover, such a framework should also 
account for the interplay between the two modalities of expression and the spatial-temporal 

                        
1 Digalo has been developed by the Fraunhofer Gesellschaft within the EC funded Dunes project (IST-FP6-2001-34153).
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representation. It is hypothesized that the two modalities of expression and the spatial-
temporal representation of interactions mutually contribute to the interaction rules.

To our knowledge there exists no framework that meets these requirements. This paper 
raises some issues of a conceptual nature with respect to the development of such a 
framework. It adopts a thematical focus on the concepts of change and mutual constitution in 
theories of (social) interaction. Furthermore, we will illustrate our approach with some 
preliminary results that we gained from analyzing Digalo-mediated discussions.

4. The search for stable rules that constitute (social) interaction: a critical account

Conversation analysis (CA) can serve as a valuable approach for studying computer-mediated 
communication. Conversation analysis studies the structure of talk-in-interaction, and offers 
concepts to analyse/interpret these interactions. CA research focuses on talk-in-interaction in 
real life settings. CA is particularly valuable because the analytical frameworks to interpret 
these interactions are often grounded in a theory and data-driven approach.

A basic assumption in conversation analysis is that ‘conversational interaction in all 
its’ forms is accomplished as the accountable product of common sets of rules and 
procedures’ [6]. Moreover, these sets of rules and procedures are believed to be subjectable 
to formal description [16]. However, a group discussion does not always follow such formal 
rules, nor does it appear to be an organized activity in which participants talk and listen in 
orderly turns. Sacks, Schegloff & Jefferson [15] recognize that conversational interaction is 
always situated, nevertheless, they argue, “there must be some formal apparatus that is 
itself context-free” and exhibits sensitivity to “various of the parameters of social reality in 
a local context” [15].

Stability and change
What is echoed in the above, and made very explicit by some authors, like Harvey Sacks 
and his colleagues, is the search for invariant behaviour in conversational interaction across 
time and space. Analysts in this tradition display an orientation towards describing 
mechanisms that reflect formal, context-free properties. They conceptualize certain 
reoccurring phenomena based on rules that reflect stability, rather than change. In the study 
of social phenomena, it is often stability that is assumed.  Even the criterion for change is 
the state of stability. Questions posed in relation to change concern the stable causes for 
disturbances of stability [12].

The tendency to search for ‘context-free and stable’ entities is a common practice in 
scholarly social thought. This preoccupation to stable rules that go beyond the here and now 
can be traced back to a mechanical view. The common conception in social psychology is 
based on independent entities that become (mutually) dependent and “start” effecting 
eachother in a causal relation, e.g. [14]. Invariance is explained through appointing entities 
a stable and independent character. This mechanistic view on the relation assumes that 
entities influence each other, but never exceeds a change in the essence of the entities. They 
only effect the “outside” of things. This conception has some strong implications for the 
analysis of interactions: human beings and the rules that govern their interaction can be 
considered as being in a dichotomous relation. Dualism - i.e. the tension perceived in 
dichotomous relations - can be found in social theory in a broad range of relations that are 
firmly grounded in scholarly discourse, e.g. object vs. subject, individual vs. society, micro 
vs. macro, internal vs. external and stability vs. change. This dualist relation results in 
ontological and epistemological problems. First, the concept of independent entities cannot 
account for the emergent qualities within a system (nonsummativity). Second, the concept 
presupposes that these social entities reflect a stable character outside action. It is 
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questionable whether a social entity could ever be outside action. More viable is to 
conceptualize entities in a continuous stream of events. In order to resolve these problems, 
we have to reconsider the relation between the elements of what we see as a social system. 

5. An alternative perspective

Recent theoretical approaches [1, 8] in sociology seek to escape conceptual dualism. The 
debate in sociology between dualistic and alternative approaches has its counterparts in 
social psychology [21] and computer science [5]. In these approaches, entities in the system 
- like subject and object, are viewed as interdependent at ontological level, rather than 
independent. This implies that subject and object are mutually constitutive, and that they 
come into being in the condition of their mutual relation. This co-constitutive view has also 
proven to be influential to theories in developmental psychology, e.g. in situated action 
[11], socioculturalism [22], and distributed cognition [17, 9]. These situated approaches 
stress that the structuring of activity ‘is not something that precedes the activity, but can 
only grow directly out of the immediacy of the situation’ [19, 11].

Structuration theory: an alternative view
Peoples’ discourse is not driven by objects in the world – such as the surface properties of a 
medium - but by underlying structures like e.g. internal systems of meaning, modes of 
production, and inherent linguistic tendencies [7]. These underlying structures are made 
available through deeper, structuring properties that are carried in the interfaces of the tools 
that mediate peoples’ action. The concept of ‘structure’ is subject to different 
interpretations. Traditionally, structure is seen as a stable and rigid construct that 
determines action in a constraining way. Structure is here seen as a property of objects in 
the world, and as external to human action. Recently, scholars have emphasized the 
dynamic, discursive construction of structure. In this view, structures come into being when 
agents engage in activity. Structure is seen as a property of social systems, rather than of 
material objects in the world. Moreover, it is seen as constraining and enabling.

Structuration theory (ST) attempts to explain how action in groups becomes structured 
through interaction. It recognizes a social system of interacting human agents and structure,
in order to explain how practices develop and persist over time and space. In ST, structure 
is conceived as a property of social systems, ‘carried’ in reproduced practices embedded in 
time and space [8]. Structure is not a stable entity or property of a material object; rather it 
is constantly being (re)produced in a continuous flow of action, and exists only virtually. 
Structures come into being through peoples’ use of rules and resources that are available in 
the social system. People are seen as “knowledgeable agents” that reflexively interact with 
the rules and resources in the environment. The upgrade of agency in ST draws attention to 
the ways in which agents actively shape their discourse and their use of tools.

Structuration is the process by which systems are produced and reproduced through 
members’ use of rules and resources. Structure is seen as both the medium and outcome of 
the conduct it – recursively, organizes. Structuring properties in a social system allow the 
binding of time-space in the system; these properties “make it possible for discernibly 
similar social practices to exist across varying spans of time and space and lend them 
systemic form” [8]. 
Although ST focuses on the relation between agency and structure on the macro-level, it 
seems a promising explanatory framework to account for change and stability in the 
relation between agency/structure on the micro-level. The focus is then on the practice of 
the small-group as a part of a larger social system.
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6. Implications of discussing Digalo-mediated: towards a framework for analysis

When a collaborative technology is introduced in the classroom, students encounter an 
unknown situation that changes their communication in a fundamental way. The students 
have to manage their collaboration, and meet task-requirements, while working with a tool 
that brings new possibilities and restrictions to their discourse. When students’ 
communication becomes mediated by technology, they cannot always rely on the 
interaction rules they would normally draw from in face-to-face communication. A 
graphical discussion environment, designed to support communication and the exchange of 
ideas and arguments between students, is based on a model of a face-to-face problem-
solving discussion. It reflects certain rules and resources of the “ordinary” practice that 
users are familiar with, but it neglects others. These resources refer to e.g. control over the 
shared workspace and the notation system; the rules can refer to the constitution of meaning 
(signification), and to the sanctioning (legitimation) of modes of social conduct. Rules 
governing signification enable meaningful communication, they allow the coding and 
decoding of a symbolic order and modes of discourse.

Appropriation during a Digalo-mediated discussion
In order to gain insight in the process of appropriation, we focus on the interaction process 
of a Digalo-mediated discussion. We propose a descriptive account of the interaction 
process, i.e. a detailed description of the actions and interactions during the discussion. The 
replay function in Digalo captures a frame-by-frame representation of the discussion as it 
took place in temporal order. The sequence of consecutive actions reveals an observable 
pattern of relations in the shared workspace. We build on concepts from CA and (A)ST to 
analyse/interpret the interactions in the shared workspace. It does not seem feasible to view 
the organization, content and style of the interaction as independent. Still, we can adopt a 
thematical focus in analysing the interaction [3]. We adopt a thematical focus on the 
organization of the interaction in the shared workspace in order to examine the process of 
appropriation. In previous research [4], we identified three organising principles that 
students applied to create an observable pattern of relations when engaged in graphical 
discussion. We used these principles to distil interaction sequences within the Digalo. A 
sequence consists of at least 3 related contributions where two successive contributions are 
made by two different students. The diagrams that the students constructed are very diverse. 
Some groups came up with a more rigid, structured representation while others constructed 
a more unstructured, complex diagram that may even be judged as chaotic by outsiders. 
Examination of the interaction process shows that the rules for organizing the interaction 
change during the discussion, and influence subsequent interaction. The process of 
appropriation seems to be the outcome of implicit negotiation, and occurs on the group 
level.

Implications for active support
When students interact in the shared workspace of Digalo they perform actions that can be 
described according to the 1) two modalities of expression and 2) the spatial-temporal 
representation. A “Digalo-like” system that reflects information during a group discussion 
has to collect all actions in the shared workspace, and needs a model that can account for 
the interplay between specific combinations of these actions. The two modalities of 
expression and the spatial-temporal representation mutually contribute to the emergence of 
interaction rules, and thus to the constitution of interaction.
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The theoretical exploration presented in this paper indicates that appropriation of rules and 
resources that govern users’ actions and interactions is a dynamic process. The model should 
be able to deal with changes in the appropriation of rules and resources. In other words, it 
should not assume stable structure. It should be able to deal with stability from a concept that 
foregrounds change. Application of ideas from structuration theory to the study of 
interaction can offer a tentative approach to such a dynamic view.
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Abstract: Research has shown that shared ethnicity between a pedagogical agent and a user results in a positive 
perception of the agent's capabilities and provides motivation for learning tasks for students of color.  However, 
ethnicity has previously has been defined primarily by the physical appearance of pedagogical agents, and it’s unclear 
what kinds of implementations of pedagogical agents are the most authentic representations.    I argue that ethnicity 
includes more than physical appearance but encompasses verbal and nonverbal behaviors as well.  I observe verbal and 
nonverbal behaviors of African American preschool children as they participate in storytelling.  I have adapted 
Cassell’s (2000) methodology to the construction of ethnically authentic pedagogical agents.  My research goal is to 
design culturally authentic agents that bridge the gap between language skills practiced outside the classroom setting 
and those language skills required in the classroom.   
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Introduction  
 

Past research has shown that shared ethnicity between an agent and a user results in a positive 
perception of the agent's capabilities and provides motivation for learning tasks for students of color [1, 2].  
However, research has failed to examine what kinds of implementations of pedagogical agents are the most 
authentic.   I argue that ethnicity includes more than physical appearance but encompasses verbal and 
nonverbal behaviors as well.  I have adapted Cassell’s [3, 4] methodology to the construction of ethnically 
authentic pedagogical agents.  I observe verbal and nonverbal behaviors of African American preschool 
children as they participate in storytelling.  Based upon these observations, I am designing and 
implementing a pedagogical agent that portrays culturally authentic verbal and nonverbal behaviors of 
African American children. I have selected storytelling as the learning activity for reasons described below.   
 
2.  Storytelling as a learning activity  
 
Storytelling allows children to navigate between their imaginary world, on-going social world and the real 
world of people, places and things [5].   While playing with their peers, children navigate back and forth 
between these three worlds and develop increasingly complex stories as they attempt to describe events that 
happen within them [6, 7, 8].  Research suggests that children improve their literacy skills as a result of co-
narrating stories with their peers.  Their peers serve as critics as well as collaborators, questioning the 
choice of words (e.g. metalinguistic skills), correcting the order of events and suggesting what details 
should be included in the stories [6, 7].  Vygotsky’s theory of the “zone of proximal development” says that 
children perform better and accomplish more with the help of a partner who is more cognitively advanced 
than they are [9].  I extend an existing Story Listening System (SLS) to provide cultural modeling through 
an African American pedagogical agent whose ethnic identity is not defined by appearance but relies more 
on authentic African American discourse [10]. The culturally authentic ECA I am developing serves as the 
interface for a SLS that uses speech to reflect African American socio-cultural norms while telling stories.  
 
3.  Justifying ethnicity in pedagogical agents  
 
Embodied conversational agents (ECAs) are computer interfaces that have bodies and utilize their bodies as 
a function of conversational behavior [3, 4].  ECAs can serve as pedagogical agents while simultaneously 
portraying the role of virtual peer [10, 11, 12, 13].  Previous research indicates that interactive ECAs can be 
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used for creating traditional and nontraditional learning environments [10, 11, 12, 13].  However, in the 
past, the appearance and behavior of pedagogical agents has represented the cultural biases of mainstream 
culture.  This raises the question of whether ethnicity affects the success of ECA technology.  Nass et al. 
[2] argue that consistent personality traits and shared ethnicity between user and agent results in the user 
relating more easily to the ECA, and resulting in the user perceiving the ECA as being trustworthy.  

 
An ECA’s identity becomes particularly important when the goal is to affirm cultural practices and 

construct bridges from those same cultural practices to mainstream literacy skills presented in the 
classroom setting.  Lee [14] proposes that rather than requiring students to divorce themselves from cultural 
practices in order to acquire mainstream literacy skills, we should provide a “cultural modeling framework” 
that leverages cultural practices as stepping stones for building and honing students’ literacy skills.  
Cultural modeling enables students to learn academic subject matter by forming a link between knowledge 
that students have constructed from their home and community experiences and learning objectives 
presented in the classroom environment [14].  It is critical that we create effective learning environments 
inclusive of tools that leverage diversity.  The question is what methodology is best used to capture as well 
as reflect social and cultural norms of non-majority groups in the design of pedagogical agents? Answering 
this question requires an understanding of how cultural practices support individual learning and 
development, and how to create educational technology that models social norms of non-mainstream 
cultures. To better understand how to address these issues, we survey existing pedagogical ECAs designed 
to appeal to particular ethnic groups. 
 
4.  Ethnicity in previously designed ECAs  
  
Previous research has provided examples of ECAs who were purposefully designed to be a member of a 
particular ethnic group.  Nass et al. [2] conducted studies with two agents; one agent resembled a Caucasian 
male while the other agent resembled a Korean male.  College students belonged to either ethnic group.  
The authors found that users who shared the same ethnicity as the agent believed the agent to be more 
socially attractive, trustworthy and competent.  In this experiment, then,, college students determined 
ethnicity based upon the agent’s physical appearance.   

 
Baylor [1] designed pedagogical agents using the same facial image but differing in skin tones, 

hair color, hairstyles, gender, realism and facial expressions representing Caucasians and African 
Americans, respectively [1].  Baylor’s studies indicated that when college students have a choice in 
selecting tutors, students tend to select agents of the same ethnicity.  Furthermore, African American 
students rated their African American agent as more facilitating of learning, more credible, more human 
like and more engaging than Caucasian students rated their Caucasian agent [1].  In a similar study 
evaluating agent’s functionality in relationship to gender and ethnicity, one agent portrayed the role of 
expert while another agent portrayed the role of motivator [1].  Both Caucasian and African American 
students found the African American Expert more facilitating of learning and more enjoyable than the 
Caucasian Expert.  The design of the pedagogical agents relied on the premise that physical appearance is 
an adequate indicator of ethnicity, rather than verbal behavior or background information about the agent.  

 
In contrast, Maldonado & Hayes-Roth [15] designed three pedagogical agents that represent three 

cultural identities (e.g. Brazilian) based on physical appearance, in addition to verbal and nonverbal 
behaviors.  Kirita is a Venezuelan Art History tutor, dances the Merengue and loves the Venezuelan arepa 
sandwich.  Kira is a Brazilian teenager who performs capoeira dance, has admiration for soccer star Pele 
and loves Brazilian Baroque art.  American Kyra sports hair streaked with red highlights, speaks English 
and loves Jackson Pollock’s work [15].  Though these three pedagogical agents were designed to target 
particular ethnic groups, their ethnic identities are not based on physical appearance alone but are a 
combination of verbal behaviors, background information about each agent and individual preferences 
based upon cultural influences. Maldonado & Hayes-Roth [15] suggests that authentic portrayal of 
ethnicity relies on more than just physical appearance.  However, it is unclear from where Maldonado & 
Hayes-Roth drew their ethnic portrayal. 

 
Similarily, Pinkard [16] developed Rappin’ Reader and Say Say Oh Playmate for the purpose of 

assisting African American children’s early language acquisition skills.  The post-test showed  65% word 
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gain after 90 minutes of interaction with Say Say Oh Playmate [16]. There was a statistically significant 
increase in word gain as a result using Say Say Oh Playmate.  Pinkard attributes familiarity with rap music 
and clap routines as the motivating factors for African American children improving their literacy skills 
[16].  These agents’ ethnic identities were based upon physical appearance and participation in cultural 
activities.   

 
I propose that authenticity is best accomplished by observing ethnic group members participating 

in culturally defined activities and modeling those same behaviors in pedagogical agents that are designed 
to interact with a targeted ethnic group. I expand the definition of ethnicity to include verbal and nonverbal 
behaviors to establish rapport with members of the African American community. African American 
children may be alienated using traditional modes of instruction and may not recognize the relevance in 
acquiring the desired learning objectives presented in the classroom.  If I can design a culturally believable 
African American agent that speaks AAVE in one social context (e.g. spending times with friends or family 
members) and speaks SE in other social contexts (e.g. giving a speech in class), then we can leverage 
cultural modeling as a framework for acquiring mainstream literacy skills for all children. 
 
5.  Designing a culturally authentic agent 
 
Maldonado & Hayes-Roth [15] discuss the importance of creating agents that provide a “suspension of 
belief” rather than a “suspension of disbelief.”    Maldonado & Hayes-Roth [15] identify key qualities for 
creating embodied conversational agents that are culturally believable. I directed my attention to a subset of 
design criteria that would define the ethnicity of the agent based upon verbal and nonverbal behaviors.  
Content of speech refers to the matching of language and dialect to culture of the character [15].  What the 
character says and how the character says it can promote or demote believability.  Manner of speech is how 
and when something is said [15]. Manner of gesturing indicates emotions, actions, and reactions to 
information that is being transmitted [15].  Nonverbal communication includes gestures, facial expressions 
and body movements that can be categorized according to cultural group [15]. Each criterion serves as a 
category for observed behavior as we carefully examine the children’s interaction with one another. 

 
 I examined the behavior of seven African American children between the ages of 5 and 7 years old 
telling stories while playing with toys in a wooden castle.  The investigator was absent from the room as 
the children told stories for fifteen to twenty minutes.  One child requested permission to tell stories alone 
while the other children were arranged in dyads. The storytelling sessions were videotaped and transcribed. 
To analyze the content of speech, the collected stories were evaluated for presence of AAVE features [17, 
18]. I found three categories of AAVE present in the children’s utterances. ( See Table 1.)  AAVE 
encompasses a specific style or manner of delivery [17, 18].  One specific mannerism of conversational 
behavior is mimicry.  Mimicry is defined as deliberate imitation of speech and mannerisms for the purpose 
of establishing authenticity and refers to manner of speech [17]. During the taped sessions, children would 
demonstrate mimicry by changing the pitch of their voices to portray different characters in the story.  Style 
of delivery also includes nonverbal communication such as facial expressions and body movements.  Green 
[18] defines ethnic nonverbal communication as gestures, including rolling eyes, rocking head and neck 
movements and body positions.  Collected story data shows both males and females nodding their heads for 
emphasis, females rocking head and necks for emphasis and both males and females directing eye gaze to 
partner when attempting to gain creative control of the story.  It was difficult to identify eye rolling since 
the children moved behind the castle, making it difficult to view facial expressions.  In the following 
example, the child’s gesture provides additional information about the child’s ideas about watching 
someone take a shower: 
 
Child1:  Watch out.  She’s finna take a shower. 
Child2:  I don’t want to see this so I cover my face. [A doesn’t want to watch P undress the female doll, but he doesn’t cover his face. 
He looks down towards the floor.] 
 
 Based upon the observations, I selected a subset of head (e.g. emphatic nods) and neck gestures (e.g. 
sassing neck gesture) to be implemented in Alex, an authentic African-American pedagogical agent. 
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6. Implementation  
 
We chose a set of stories told by our subjects, and reduced them to more manageable two-minute lengths. 
The stories were then recorded using a human voice pitched to portray a child’s voice. Gestures were first 
created and implemented using previous Flash implementations of our virtual peer [10]. Using a scripting 
language, I integrated verbal and nonverbal behaviors.  

 
Alex is controlled with a Wizard of Oz interface (WOZ) that enables the researcher to control 

Alex’s interaction with the child.  The WOZ provides real-time speech and gestures in response to what the 
child says while playing with Alex.  Alex tells a story featuring AAVE discourse and then prompts the 
child to tell a story, using eye gaze and speech.  Alex indicates interest by eye gaze, backchannel (e.g. 
“For real”) and gestures (e.g. ListenandDisagree).  Thus, I have attempted to implement an 
interactive storytelling system that features an authentic representation of an African American virtual child 
named Alex. 
 
7.  Conclusion and future work 
 
In conclusion, I have attempted to create a prototype of an authentic virtual representation of an African 
American child.  Current research efforts focus on the following question: Will children perceive Alex as a 
African American based upon verbal and nonverbal behaviors?  In addition, further research is planned to 
evaluate the affects of culturally authentic pedagogical agents on African American children's early 
language acquisition skills.   This brings us one step closer to designing and implementing culturally 
authentic pedagogical agents that can bridge the gap between language skills practiced outside the 
classroom setting and those language skills required in the classroom.   
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Verbal Behaviors Features of AAVE Example 
 
 

Phonology Deletion of r after a vowel “Sleep on the flo.” 
 

 Realization of final ng as n “Yeah we weren’t doin’ 
nothin’”  

 Voiceless th as t of f “Gonna move upstairs cuz they 
messin’ wit me too much.” 

 Realization of th as d “Where da food?” 
 

Syntax Absence of copula/auxiliary is 
and are for present tense 

“She big.” 

 Multiple negation or negative 
concord 

“Well I hope ya’ll weren’t doing 
nothin’ son.” 

 Use of ain’t as a general 
preverbal negator 

“You ain’t supposed to put your 
hands on a girl.“ 

 Absence of third-person 
verbal -s 

“She take up the whole 
bathroom.” 

 Absence of possessive “Jaylen house.” 
 

 Use of invariant be for future 
tense 

“Who gonna be  da momma?” 
 

Narrative style of delivery Sing song intonation while 
narrating story. 

Good nigh---ty [in a sing song 
voice with high intonation on 
first syllable]. 
 

 Change in voice pitch to 
impersonate a character in 
the story. 

“Good night, kids. “  
[impersonating the mother]  
 
“Good night, Mommy!”  
[impersonating a little child’s 
voice] 
 

 
Table 1 
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Abstract. Learning objects have been increasingly used in pedagogical systems, but 
effective pedagogic strategies to support adaptive learning are still lacking. We report 
an investigation into incorporating learning styles into learning object metadata used in 
a pedagogical agent system. At the conceptual level, adaptivity is achieved by the use 
of learning styles in metadata to tailor the presentation of learning objects to 
individual students. Conversely, at the practical level, the adaptivity is achieved by 
providing a set of agents that uses a combination of pre-built and acquired 
knowledge to determine the learning styles and learning objects that are appropriate 
for individual students. 

 
 
Introduction 
 
The concept of learning objects has been proposed to address the issue of reuse in learning 
materials, from the perspective both of educators and learners. For educators, learning 
objects reduce the repetition of building same or similar learning materials [1]; for learners, 
learning objects increase personalization, interoperability, and flexibility [2]. In practice, 
learning objects are tagged with metadata so that their identity and content are available to 
software systems. Along with the use of learning objects in recent years, several metadata 
standards have been proposed to describe the content and structure of learning objects such 
as IEEE LOM [3], SCORM [4], and IMS [5].  
      People have their own preferences of how they can learn effectively, and to support a 
personalized learning strategy the differences between learners must be recognized [6].  
The differences have been described as “learning styles” by educationalists. It has been 
suggested that learning objects can form individual learning paths for students, to achieve a 
student-centred adaptive learning environment [7]. Customizing learning materials as 
learning objects can support students with different learning styles. Although this idea has 
been proposed elsewhere [8], the incorporation of learning objects and learning style 
theories to support adaptivity is still a research problem. There are many metadata 
strategies for learning object design and categorization, but research about incorporating 
real learning objects with learning style schemes into education systems is rare. 
     We have developed a pedagogical agent-based system [9], in which agent technology 
provides a dynamic adaptation not only of domain knowledge but also of the behaviour of 
individual learners. The system is student-centred, adaptive and dynamic, and our approach 
takes a multi-disciplinary approach, combining learning theory with agent-based systems. 
In contrast to other agent-based pedagogic architectures, the incorporation of learning 
objects and learning style schemes form the pedagogic foundation for adaptivity, and the 
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investigation of suitable granularity of learning object classification is also one of the 
subjects of our research. 
 
 
1. Brief Introduction to Related Technologies 
 
Our proposed pedagogic agent system architecture represents the integration of three key 
technologies and concepts: learning objects, learning style theories, and agent technology, 
and here we give a brief overview of these foundational aspects of our system. 
 
1.1 Learning Objects 
 
The idea of learning objects originates from breaking educational materials down into modular 
objects, which is analogous to the decomposition of an object-oriented program into objects 
and classes, and permits an individual learning object to be used in a variety of educational 
contexts. Each object can then have its defining properties tagged using metadata constructs, 
facilitating its use in an e-learning context [7]. In our pedagogical agent system, the 
decomposition of learning materials into learning objects guarantees that knowledge can be 
organized as a variety of learning paths to present to different students. 
 
 
1.2 Learning Style Theories 
 
People never learn in the same way. The concept of learning style has been introduced by 
educationalists as a “description of the attitudes and behaviours that determine our 
preferred way of learning” [10]. Learning styles depend on a variety of factors, and are 
individual to different people. An individual’s learning style can change over time, and 
learning styles may differ between men and women, and between children and adults [11]. 
In this paper, we restrict our view of learning styles to those applicable for students in 
higher education.  
      Learning style theory is the pedagogic foundation of the multi-agent system, however 
there are several different ways of categorising people learning style preference. Kolb’s 
Learning Style Inventory describes learning styles on a continuum running from concrete 
experience, through reflective observation, to abstract conceptualization, and finally active 
experimentation [12]. Gardener’s Multiple Intelligences divides learning styles as dealing 
with words, questions, pictures, music, moving, socializing, and alone [13].  
      The Felder-Silverman Learning Style Model, which we have chosen to adopt, situates a 
student’s learning style within a four-dimensional space, with the following four 
independent descriptors: sensing learners or intuitive learners; visual learners or verbal 
learners; active learners or reflective learners; sequential learners or global learners [14]. 
 
 
1.3 Agent Technology  
 
An agent is an entity that is capable of carrying out flexible autonomous activities in an 
intelligent manner to accomplish tasks that meet its design objectives, without direct and 
constant intervention and guidance of humans. Agents should also know users’ preferences 
and tailor their interactions to reflect these [15]. 
      Multi-agent systems contain many agents that communicate with each other. Each agent 
has control over certain parts of the environment, so they are designed and implemented as 
a collection of individual interacting agents. Luck et al. remark that, “Multi-agent systems 
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provide a natural basis for training decision makers in complex decision making domains 
[in education and training]” [16]. Furthermore, multi-agent systems can substantially 
contain the “spread of uncertainty”, since agents typically process information locally [17]. 
In the context of our education system architecture, agents provide a means to manage the 
complexity and uncertainty of the domain. 
 
 
1.4 The Incorporation of Learning Styles and Learning Objects within Pedagogical Systems 
 
Some pedagogical systems have adopted learning style theories, and explored the delivery 
of learning materials adapted to students’ learning styles. The system developed by Carver 
et al. presents a list of links to each student based on their learning style, leaving the 
individual student to select the material to use [18]. Paredes and Rodriguez use two 
dimensions of the Felder-Silverman Learning Style theory [19], and progress has been 
made on the mechanism elsewhere [20, 21, 22]. They have incorporated the learning style 
theory into their system and learning material design; however, the pedagogies and 
technologies are not suited to dynamic adjustment to students’ learning styles. Knowledge 
is still delivered in a static way and the learning materials are more or less preset for a 
certain type of learning style or preference, and will not be changed or adjusted according 
to a change of learning style of the user over time. Few of the systems organize learning 
materials as learning objects. The incorporation of learning objects with learning style in 
our system allows us to dynamically organise and deliver learning materials to satisfy 
individual learning requirements, and agent technology gives dynamic support. 
 
 
2. Incorporating Learning Style into Learning Object Metadata 
 
In our pedagogical agent system, a single agent, the Learning Object Agent, is responsible 
for incorporating the learning style scheme and the learning objects. We refer the reader 
elsewhere for a more extensive technical discussion [9]. A repository provides the learning 
objects, which is under the charge of the Learning Objects Management Layer (one of the 
three layers) in the Learning Object Agent. In order to deliver the learning objects 
according to different learning styles, the implementation has been divided into three parts: 
accommodating students into the learning style scheme, categorizing learning objects 
according to the learning style scheme, and delivering learning objects. From a highly 
abstract level, the method can be laid out as in Figure 1. 
 

 
 

Figure 1. The Abstract Method 
 

      The learning style theory we have adopted in the system is the Felder-Silverman 
Learning Style Model. The reasons we has chosen the Felder-Silverman Learning Style 
Model are that it has been validated by pedagogy research [14, 23], and the number of 
dimensions of the model is constrained, improving the feasibility of its implementation. 
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2.1 Categorizing Learning Objects according to the Learning Style Scheme 
 
The learning objects we use are also organized into the four-dimension learning style space, 
and include learning objects for Introductory Programming [24], as well as some suitable 
learning objects from the other open sources.  
     In addition to the descriptions in the existing metadata standards, the learning object 
metadata incorporates a dimension description, suggesting for each of the four learning 
style dimensions the extent of each object’s suitability on a five-point scale. For instance, 
the visual/verbal dimension contains the following descriptors: strongly visual, weakly 
visual, neutral, weakly verbal, and strongly verbal.  
 

               
Figure 2. Identifiers – Learning Object from [24]        Figure 3.   Tower of Hanoi – Learning Object from [25] 
       
     As an example, consider the learning object in Figure 2 [24], which uses a game like 
format to help to distinguish valid identifiers in Java. The learning object is composed of 
three interactive pages. The values of the five-point scale of this learning object are weakly 
intuitive, neutral of visual and verbal, strongly active, and weakly global, and this is also 
the value of dimension description in the metadata of this learning object. Consider the 
learning object in Figure 3 [25], which is an animation of the Towers of Hanoi. The user 
sets the number of towers and the speed of movement, and substantial user interaction is 
required. In the dimension description of this learning object’s metadata, the value is 
weakly sensing and visual, strongly active, and neutral on sequential or global. Preliminary 
experiments suggest that it is feasible to categorise learning objects in the learning style 
space. 
 
 
2.2 Accommodating Students into the Learning Style Space  
 
A simple algorithm that approximates the positioning of a student’s learning style in the 
four-dimensional space is constructed by using a reduced set of appropriate questions from 
[26]. A statistical analysis has been performed on the results for a sample of students with 
those generated by Felder and Silverman’s original questionnaire, and indicated a strong 
correlation between the two data sets. This suggests that the reduced set of questions is 
sufficient to categorize a student’s learning style. 
     The intelligent pedagogical agent system we have developed stores each student’s 
current learning style (which may change over time), and in the metadata the style 
dimension description of each learning object as co-ordinates in the four-dimensional 
space. The algorithm used to deliver learning objects to students involves matching the 
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style attributes of (appropriate) learning objects to the current style preferences of the 
individual student. The system then searches the repository of learning objects to fetch 
appropriate learning objects with similar  (but not necessarily identical) dimensional 
descriptions. These are supported by agent technology to realize the algorithm and 
implement the process. The objects are then presented to the student, and subsequent 
interactions between the student and the learning objects may be used to modify the 
student’s learning style attributes. 
 
 
3. The Pedagogical Agent System 
 
Agent technology has been used in education systems to facilitate autonomy and adaptivity, 
decoupled from the pedagogic foundations of the system [27, 28, 29]. Each such system 
emphasizes a particular aspect, such as training, group work, or human resources 
requirement. Each has its individual ways of organizing the learning materials, but few 
have considered the effect of different learning styles or the adoption of learning objects. 

Our proposed multi-agent based pedagogic system is functionally constructed by five 
agents, as shown in Figure 4, and comprises the Student Agent, the Record Agent, the 
Modelling Agent, the Learning Object Agent, and the Evaluation Agent. Each agent is 
designed to satisfy a certain functional requirement to actualize the service purpose of the 
education system, namely to provide dynamic and adaptive learning materials to individual 
users. For more technical detail about the agent architecture, we refer readers to [9]. 

 

 
 

Figure 4. The Pedagogical Agent System 
 
 
4. Conclusions and Future Work 
 
We have reported an investigation of incorporating learning style into learning objects’ 
metadata to support adaptivity in a pedagogical agent system. The evaluation suggests that 
the approach is appropriate for the pedagogical agent system. Current and future work 
includes further investigation of the granularity of the learning object category, and 
optimising the system architecture to enhance its effectiveness and efficiency. 
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Abstract: Collaborative Learning is seen as a good way to encourage peers to 
learn and to teach each other whereas Open Learner Modelling can help learners to 
improve their performance and their understanding using high-level indicators to 
monitor, and represent, the state of their learning. In this work we aim to develop a 
learning environment that encourages students to obtain an advantage from both 
Collaborative Learning and open learner modelling. We then seek to determine the 
benefits of Collaborative Learning with a scrutable Group Learner Model[1] by 
examining the learning gains when compared with the case in which no Group 
Learner Model is available.  

 
 
Introduction  
 
Collaborative Learning is seen as a good way to encourage peers to learn and to teach each 
other whereas Open Learner Modelling can help learners to improve their performance and 
their understanding using high-level indicators to monitor, and represent, the state of their 
learning. This research seeks to apply both concepts of Collaborative Learning and open 
learner modelling.  

We consider Collaborative Learning in term of Vygotsky's Zone of Proximal 
Development which is defined as "the distance between the actual developmental level as 
determined by independent problem solving and the level of potential development as 
determined through problem solving under adult guidance or in collaboration with more 
capable peers" [2, p.86]. The ZPD concept emphasises a learning process which involves 
the mastering some skill or idea through a series of interactions including both individual 
and Collaborative Learning activities - i.e. eventually the learner can do it on their own.  

When someone learns something, whether on their own or with a friend, they may 
need to know how well they performed in that particular task. In the classroom, the teacher 
may give some information such as a score or some suggestion about your performance on 
the task. An Open Learner Model is considered to be an aid to reflection. Bull defines an 
Open Learner Model (OLM) as a student model which is designed to help learners 
understand what they have learned more effectively[3]. This kind of model allows the 
learner to inspect, and sometimes challenge, beliefs recorded in the user model in order to 
change them.  

Less has been done with Group Open Learner Models (GOLMs) though there is 
some work with them. Zapata-Rivera and Greer [4] found that students could be very 
confused when seeking to understand their GOLM. However, this GOLM was developed 
by a group of students working together with a single instance of ViSMod. The issue of the 
GOLM is taken up again later.  

                                                 
1 The PhD student is under the supervision of Dr.Paul Brna. 
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1. Research Problems  
 
For the past decades, many tools and methodologies have been designed to support 
Collaborative Learning interaction. The focus of this research topic is shifted from 
'studying group characteristics and product', which contain many unpredictable factors, to 
'studying group process' in the nineties. Jermann, Soller et al [5] introduced the idea of the 
'Collaboration Management Cycle', which consists of four phases: Collect interaction data, 
Construct a model of interaction, Compare the current state of interaction to the desired 
state and Advise/Guide the interaction. This cycle provides a conceptual framework for 
managing collaborative interaction. In their view, all the four phases above are covered by 
three computer-based support options: Mirroring tools, Metacognitive tools and Guiding 
Systems.  

Collaborative Learning is interpreted here in two distinct ways - the way that 
learners help each other in a group and the way that a teacher or a learning system helps the 
student to gain a better understanding. Teaching collaboratively helps learners to learn 
skills and ideas initially in their ZPD which is why "collaborative teaching" is important. 
Murray and Arroyo [6] implemented a learner model to support the concept of ZPD – their 
work illustrated that the student who masters material collaboratively today can master it 
individually tomorrow.  

Related to the idea of ZPD is that everyone may be in a different state of learning in 
a group. Hence with a user model, either a personal or a group model, it is possible to 
individualise the level of knowledge to provide a suitable degree of reflection. However for 
more efficacies for Collaborative Learning, empirical studies have changed the focus from 
'establishing parameters' to trying to understand the role which such variables play in 
mediating interaction [7].  

There are many systems that are used for Collaborative Learning, some of which 
refer to the concept of ZPD, some reflect back the learner model to an individual student 
and a very few use a GOLM but how many of them contain both concepts of reflecting 
back group knowledge and explicit use of the notion of the ZPD? Six systems have been 
selected as representative of the state of the art; these are compared.  
 
 

Table 1: The comparison of systems to represent concept of ZPD, individual and group leaner model 
 

System’s 
name  References  

Did they use the 
ZPD concept 
explicitly 2?  

Did they reflect 
back to individual 

learner?  

Did they reflect 
back the Group 
Learner Model?  

ViSMod3 [4]  No  Yes  No  

ECOLAB  [9]  Yes  Yes  No  

ICLS  [10]  No  Yes  Yes  

PairSM  [11]  Yes  Yes  No  

STyLE-OLM  [12]  No  Yes  No  

Mr.Collins  [13]  No  Yes  No  

                                                 
2  I mean that internally there is a model of the learner which represents ZPD in some direct ways. 
3 Another version of ViSMod [8] describes some works with a Group Model but not the kind that we are 
interested in. 
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According to the table, ViSMod, STyLE-OLM and Mr.Collins are systems that 
reflect back only to individual learners whereas PairSM and Ecolab use both the concept of 
ZPD and reflect back the model to each learner while ICLS reflect back both individual and 
Group Learner Models. However none of the systems above uses all of the concepts - 
namely, ZPD, reflecting back the individual and group models. In this paper, the ideas of 
the system that utilises both the concept of ZPD and reflecting back the Group Learner 
Model. The first question is why the Group Model and the second is how are we going to 
generate a Group Model?  
 
 
1.1 How are we going to generate a Group Model?  
 
Most people see the Group Model as some kind of addition of individual models. Hoppe 
(1995) combined multiple individual learner models with the aim of forming more effective 
peer groups though Paiva(1997) looked for something better by combining the concept of a 
group model with an individual learner model to construct a basic framework for models in 
collaborative situations. However PairSM, a model that applied a simple picture and 
equation to illustrate the Group Learner Model, seems to be interesting because it considers 
a Group Learner Model together with the notion of the ZPD even though the group model 
comes from a simple combination of the individual learner models.  
 The explanation above expresses a Group Model as an equation SM-S1S2 = SM1 ∪ 
SM2 ∪ SM S1&S2 ,which SM represents the knowledge of an individual learner, and SM 
S1&S2 represents knowledge that the two can display only when working together. The 
group model in this work borrows ideas from both Paiva and PairSM to generate the group 
model for Collaborative Learning taking the ZPD concept into account. 

In this work, there are two types of group models: GLM (Group Learner Model) and 
Ideal GLM (Ideal Group Learner Model). See Figure1  
 
 

GLM: Group Learner Model 
ILM: Individual Learner 
Model 
L1: Learner1 
L2: Learner2 

Individual 

L

L
GLM 

ILM2 

ILM1 

 

Individual 

 
Ideal 
GLM 

 
 

Figure 1: A Group Model diagram 
 

 
- GLM: the group model that reflect quantity of knowledge for each concept when 
learner1 (L1) and learner2 (L2) collaboratively solve the group task. (This group 
model was formed after peer learned together) 
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- Ideal GLM: the group model which is generated from merging knowledge of  
individual models (ILM1 and ILM2) into a model that system expects peers to 
achieve when they learn together. This model merges individual models by taking 
their intersection as the group model (assuming no learning takes place).  

 
 
1.2 How are we going to represent the model?  
 
There are many possible ways such as text and graphical form that we could represent the 
learner model. STyLE-OLM uses a diagrammatic form of conceptual graph to represent the 
learner model and the text form for an interaction model. Moreover users can swap between 
learning mode and interaction mode to see what they have done in the past. ViSMod uses 
different colour and size of link and node to indicate the level of knowledge for particular 
learners on each concept. This should help learners quickly distinguish how well they 
perform for each concept. In our work, we will use a text form to represent the interaction 
model, while a graphical form will be used to indicate the level of knowledge for both 
group and individual learners.  
 
 
1.3 How are we going to manage the interaction?  
 
STyLE-OLM, and ICLS use different means of tagging individual moves in the interaction. 
STyLE-OLM uses the notion of a dialogue game for interactive communication between a 
learner and the system, while the open learner model concept allows student to inspect and 
negotiate their own model.  

Mr.Collins aims at improving learning through promoting reflection by giving a 
chance to both students and a system to defend their beliefs using the difference of beliefs' 
confident between learner's and system. Whether learners can challenge and negotiate 
models through menus, changing models ultimately depends on the rules programmed into 
the system.  

ICLS (Intelligent Collaborative Learning System) provides a good example of the 
use of sentence openers. This emphasises the role of communicative interaction. The ICLS 
system classifies groups of sentence openers, helping the group know how well they 
perform. In our work, we borrow the idea of dialogue game and sentence opener for the 
communication interaction and the level of confidence for their beliefs to generate the 
learner model. 

 In our research we focus on a Group Open Learner Model for Collaborative 
Learning. The group model will borrow ideas from Paiva and Bull's PairSM to generate the 
group model while taking the notion of the ZPD into account. Dialogue game and sentence 
openers will be used for communication interaction whereas it is planned to use a pie-chart 
and text as mirroring tools to represent the learner's beliefs and knowledge.  
 
 
2. Evaluation  
 
It is currently envisaged that two conditions for learning with a peer are compared: can see 
the group model and cannot see the group model using the pie-chart to represent as a group 
model. The hypothesis is that learning with a peer and seeing the group model will help the 
learner get a higher score than not seeing the group model.  

In a group model, if learners see the pie-chart which represents the skills of the 
group using the GLM and the ZPD, the value calculated from the difference between the 
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Ideal GLM and GLM, and perform better than learners who cannot see the group model, we 
may be able to conclude that a group model is effective for collaborative learning.  

To fulfil that aim, we have decided to use two students as a group learning together. 
Each student can choose their peer as they wish from the list that the system provides. 
Before starting to learn with a peer, the learner registers with the system and takes a pre-
test. The learner’s information is kept individually for use in the future. The experimental 
situation is shown in Figure2.  

After learners choose their peer, they do the task individually and then go for the 
communication session. During the session, learners can communicate by using dialogue 
moves provided by the system that might help the system to understand what learners try to 
say to each other. This will be used to determine what learners understand of that particular 
task. Each dialogue move that learners use will contribute a score which affects the 
assessment for each concept of the group model as 'known', 'ZPD' or 'unknown'. The 
approach will rely technically on the use of fuzzy logic.  
 
 

See the 
model 

Cannot see 
the model 

Select  peer Pre-test Register 
Personal 

Information 
Database 

Personal 
Knowledge 
Database 

Group 
Learning 
Database 

Learner Discuss 

 
The test 
results 

Updated 
Personal 

knowledge 

Compare 

Compare 
 

The test 
results 

The result  
of 

comparision

 
 

Figure 2: The experimental situation diagram  
  

A prototype will be built to demonstrate the working of the model and it is expected 
to use fuzzy logic for dealing with the uncertainty in such a model. After the model has 
been developed further, the approach above will be implemented, tested and revised prior to 
developing the model used for the final study with learners. A repeated measure design 
within subject will be used to compare the result of learning to show that collaborative 
learning with the Group Open Learner Model is better than without the Group Open 
Learner Model.  
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3. Conclusion  
 
Collaborative learning is a good way to encourage peers to learn and to teach each other 
whereas Open Learner Modelling gives learners an opportunity to inspect or sometimes 
challenge4

 
 their user model to make it more accurate and to learn from this process.  

The work in this thesis aims to encourage students to obtain an advantage from both 
collaborative learning and the use of an Open Learner Model to try to prove that the result 
of collaborative learning with a group model capitalise Open Learner Model allows the 
learner to get a higher score than when unable to inspect the group model. Now we are in 
the process of simplifying the group model taking the ZPD into account and using fuzzy 
logic as a technique to generate values representing group knowledge  After the hypothesis 
described above is tested, the next question for this work is ‘In what ways is a Group 
Learner Model better than an Individual Learner Model?’  
 
 
References  
 
1. Kay, J. Stereotypes, Student Models and Scrutability. In Proceedings of ITS 2000. 2000. Berlin: Springer-

Verlag.  
2. Vygotsky, L., Mind in Society: The Development of Higher Psychological Processes. 1978: Cambridge, 

MA: Harvard University Press.  
3. Bull, S. and T. Nghiem. Helping Learners to Understand Themselves with a Learner Model Open to 

Students, Peers and Instructors. in Proceedings of Workshop on Individual and Group Modelling 
Methods that help Learners Understand Themselves. In Proceedings ITS 2002. 2002. Berlin: 
Springer-Verlag.  

4. Zapata-Rivera, J.-D. and J. Greer. Externalising Learner Modelling Representations. In Proceedings of 
Workshop on External Representations: Multiple Forms and Multiple Roles at AIED 2001. 2001. 
San Antonio, Texas.  

5. Jermann, P., A. Soller, and M. Muehlenbrock. From Mirroring to Guiding: A Review of State of the Art 
Technology for Supporting Collaborative Learning. In Proceedings of the First European 
Conference on Computer-Supported Collaborative Learning. 2001. Maastricht, The Netherlands.  

6. Murray, T. and I. Arroyo. Toward Measuring and Maintaining the Zone of Proximal Development in 
Adaptive Instructional Systems. In Proceedings of ITS 2002. 2002. Berlin: Springer-Verlag.  

7. Dillenbourg, P., et al. The evolution of research on collaborative learning. In Learning in Humans and 
Machine: Towards an interdisciplinary learning science. 1996: Oxford: Elsevier.  

8. Zapata-Rivera, J.-D. and J.E. Greer. Interacting with Inspectable Bayesian Student Models. International 
Journal of Artificial Intelligence in Education. 2004. 14, 1-37. 

9. Luckin, R. and B. du Boulay, Ecolab: The Development and Evaluation of a Vygotskian Design 
Framework. International Journal of Artificial Intelligence in Education. 1999. 10, 198-220.  

10. Soller, A., et al. What Makes Peer Interaction Effective? Modeling Effective Communication in an 
Intelligent CSCL. In Proceedings of the AAAI Fall Symposium: Psychological Models of 
Communication in Collaborative Systems. 1999. Cape Cod, MA.  

11. Bull, S. and M. Smith. A Pair of Student Models to Encourage Collaboration. In Proceedings of the Sixth 
International Conference on User Modeling UM97. 1997. Berlin: Springer.  

12. Dimitrova, V., STyLE-OLM Interactive Open Learner Modelling. International Journal of Artificial 
Intelligence in Education, 2003, 13.  

13. Bull, S., H. Pain, and P. Brna, Mr. Collins: A Collaboratively Constructed, Inspectable Student Model for 
Intelligent. Computer Assisted Language Learning. Instructional Science, 1995. 23, 65 - 87.  

 

                                                 
4 Currently, we are planning to allow students to inspect but not change their GOLM. 

        AIED 2005 - Young Researcher Track Proceedings

Page 154



Tutorial Planning: Adapting Course
Generation to Today’s Needs 1

Carsten Ullrich
German Research Center for Artificial Intelligence, DFKI GmbH

Abstract. Most of today’s course generation does not allow an in-depth,

generic representation of pedagogical knowledge. However, supporting

individual learners with different goals requires an elaborate represen-
tation of pedagogical expertise. In this paper, I describe a framework

that adapts existing approaches for representing and using pedagogical

knowledge to meet today’s needs. Furthermore, I will show how in this
framework several of today’s problems are solved, such as the integra-

tion of distributed content, dynamic adaptivity of a generated course,

new forms of interaction, and offering course generation as a service.

Keywords. Course generation, pedagogical knowledge, learning objects,

adaptivity, Web services

1. Introduction

Course generation (CG) automatically assembles learning objects (LOs) to a
greater unit that supports the learner to reach a given learning goal. Today’s CG
uses rather simplified pedagogical knowledge, e.g., the typical learning time of a
LO [11]. However, to generate a course adapted to the individual learner’s goals
and needs requires more elaborate expertise. Representing pedagogical expertise
is not a new idea [14,20], but it seems to have been neglected in the last years. In
this paper, I argue to look back and adapt these ideas to suit today’s needs. I will
show how the introduction of pedagogical tasks and methods provides a framework
that solves several of today’s challenges. These challenges include: the integration
of distributed content, dynamic adaptivity of a generated course, new forms of
interaction, and offering course generation as a service.

Section 2 starts by summarizing the advantages of declarative pedagogical
knowledge and provides the basics of my approach. Section 3 then describes in
detail what is new in my approach and how existing challenges are solved. The
paper closes with a comparison to related work and a description of the current
state of the implementation (Section 4).

1The author wishes to thank all members of the ActiveMath group for fruitful discussions.
Special thanks goes to Kris van Marcke and the YRT reviewers for their comments and to my
supervisor Erica Melis for her valuable help. This publication was generated in the LeActiveMath

project, funded under FP6, Cntr. 507826. The author is solely responsible for its content.
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(:method (teachConcept ?c)

((problem ?p (for ?c))) ;; this is the precondition

(;; the following are the sub-tasks:

(!startSection bookTitle) (provideSituation ?p)

(teachSubConcepts ?p) (provideResult ?p) (!endSection)))

Figure 1. A method for a problem-based pedagogical strategy

2. Representing and Applying Pedagogical Knowledge

A declarative, generic representation of knowledge about tasks and methods offers
several well-known advantages [18]. Declarativity eases authoring and change;
being generic allows reusability; and to distinguish between task and methods, i.e.,
between what to achieve and how to achieve it, clearly separates different kinds
of knowledge. Using partly different collections of tasks and methods, various
problem solving strategies can be realized.

Declarative knowledge can be executed in a number of ways. In my work, I de-
cided to use hierarchical task network planning [6] (HTN), among others because
it is a very efficient planning technique and offers a relatively straight-forward way
for representing human expert knowledge. It incorporates heuristic knowledge in
the form of the decomposition rules: A planning problem is represented by sets
of tasks (task networks); methods decompose non-primitive tasks into sub-tasks
until a level of primitive tasks is reached, which can be solved by operators.

Together with the University of Augsburg, we are developing a problem-based
pedagogical strategy that relies on the “Programme for International Student As-
sessment” (PISA) framework, [15]. Figure 1 contains an example of one of our
methods. This method is applicable in case there exists a LO that represents a
“problem” for concept c. Then, the complex task of teaching concept c is decom-
posed into three non-primitive sub-tasks: The first one describes the context the
problem; the second one teaches the sub-concepts necessary for solving p, and
the last one discusses the results of solving the problem using c (e.g., possible
shortcomings). One by one, these tasks are further decomposed. “!startSection”
and “!endSection” are primitive tasks, which insert and close a section.

Figure 2 provides an example of a method that encodes the pedagogical knowl-
edge of selecting an exercise that is just within the current capabilities of the
learner. Even this simplified method shows that even such a very basic task can
require sophisticated knowledge: If the learner has low knowledge and addition-
ally is unmotivated, then an appropriate exercise needs to be easier than in case
he is highly motivated.

The result of the planning is a sequence of LOs called course structure. Similar
to the “organization” element of an IMS Content Package [9], it consists of nested
sections with the leaves being pointers to LOs. Additionally, leaves can consists
of tasks (see Section 3.2). Because in my approach tasks represent a vast range of
pedagogical issues, the size of the generated courses ranges from a single element
to a complete curriculum.
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(:method (insertAppropriateExercise ?c)

;;preconditon

((learnerProperty competencyLevel ?c low)

(learnerProperty motivation low))

;;sub-task

((insertExercise ?c easy))

;;preconditon

((learnerProperty competencyLevel ?c low)

(learnerProperty motivation high))

;;sub-task

((insertExercise ?c medium))

;;more

...)

Figure 2. A method for selecting an exercise

3. Tutorial Planning

In this section, I describe my contributions to CG and how several of today’s
challenges are solved. Because the resulting framework offers a broader approach
to the sequencing of LOs as CG, I will refer to it as tutorial planning.

3.1. Integration of Distributed Content by Tutorial Planning

Today, content is distributed over the Internet and made available via Web-servers
or LO repositories. Integrating this content by CG involves several difficulties.

First, traditional AI planning requires that a method’s preconditions are eval-
uated against the planner’s world state. However, in a distributed environment
this would require to mirror all the metadata of the content stored in the repos-
itories. This is simply infeasible. Second, despite standardization efforts content
is described in various knowledge representations and metadata formats. Third,
LOs can be constructed on the fly using generators [7]. How can the tutorial plan-
ner integrate these LOs without a practically impossible explicit modeling of the
generators?

To solve these problems, I applied techniques for information integration from
different knowledge sources [13]. There, an additional component acts as a me-
diator between the knowledge processing and knowledge storing components. It
uses a reformulation engine to transform the incoming queries into queries in the
formats of the repositories and sends back the collected results. Based on this
approach, I extended the HTN-planning architecture so that queries about LOs
in a method’s preconditions result in a call to a mediator. The “lingua franca” of
the mediator uses the vocabulary of an ontology of instructional objects [19] that
defines about 30 different types of learning resources. Currently, however, map-
pings between the ontology and the knowledge representations of the repository
need to be provided by hand.

Additionally, I extended the mediator approach to handle LO generators sim-
ilar to repositories: the generators check whether they can generate an LO cor-
responding to the query, and, if so, send back identifiers from which the LO can
be reconstructed later when it is presented to the learner. In this way, the tuto-
rial planner abstracts from the LO repositories and generators and can focus on
pedagogical knowledge.
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3.2. Dynamic Adaptivity of a Generated Course

CG faces the dilemma that early course generation cannot take into account how
capabilities of the learner actually change. Still, generating a course as early as
possible supports orientation and self-organisation of the learning process. Plan
repair [21] is a possible solution, I will present another one, lazy task execution.

I extended the planner such that planning may stop at the level of specially
marked tasks (lazy tasks). These tasks are inserted in the content structure like
a LO. When the learner first visits a page that contains a lazy task, the task in
the content structure is passed to the tutorial planner. The resulting LOs replace
the task in the course structure for good (hence, when the page is revisited, the
elements do not change, which avoids confusion of the learner reported in [1]).
This means a course is partly static, partly dynamic.

Lazy task execution offers new possibilities for authors, too. An author can
define a course structure, where parts of her course are predefined, and others
dynamically computed taking the learner model into account. In this way, an
author can profit from the best of both worlds: she can compose parts of the
course by hand and at the same time profit from the adaptive features of the
tutorial planner.

The method in Figure 2 is an example of a method that can serve as a lazy
task. Because the motivation of the learner may change while working through
a course, the lazy execution of the task insertAppropriateExercise can take the
current state into account.

3.3. New Forms of Interaction between Learner and Content

The explicit representation of tasks and the abstract layer they introduce offers to
the learner new ways to access the pedagogical knowledge of the tutorial planner.
If the learner requires support while navigating through a course, she can trigger
the execution of a tutorial task (e.g., insertAppropriateExercise), for instance by
selecting them from a drop-down list. Then, the task is processed by the tutorial
planner and the resulting LOs are presented to her.

This approach has the advantage that content is retrieved in a more sophis-
ticated manner than search, sparing the learner the exact knowledge of the LO
metadata. Hence, she can easily and actively request additional content, and thus,
a course less resembles a traditional text book but a dynamic and extensible
workbook.

3.4. Tutorial Planning as a Service

Currently, several research groups investigate the integration of e-learning (Web)
services and sharing of functionalities (see, e.g., [5]). In my approach, tasks can be
interpreted as a description of the functionality that the tutorial planner offers.
They can therefore serve as a basis for making the functionality of a tutorial
planner accessible as a service to other systems. More specifically, the tutorial
planner makes itself accessible as a service by offering a set of public tasks. The
tasks range from the generation of a complete course to selecting a not too difficult
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exercise. Other components can start the tutorial planner on these tasks and
receive a content structure as a result.

Again, the method insertAppropriateExercise can serve as an example. Sev-
eral services could make use of this task, e.g., an Open Learner Model (OLM, [4])
that while interacting with the learner diagnoses that the learner has a erroneous
belief about his knowledge state. One possible remedy is to offer him an exer-
cise he should be able to solve. Instead of encoding the pedagogical knowledge
of selecting an appropriate exercise in the OLM, it can make use of the services
provided by the tutorial planner.

4. Related Work and Conclusion

CG has a long history, e.g., [16,14,20,21]. Despite continued research (e.g., [17,12,
11]), to my knowledge no system paralleled the extent of explicit representation
of pedagogical knowledge as done by van Marcke. My work extends van Marcke’s
approach and adapts it to meet today’s needs.

A related strain of research is Adaptive Hypermedia (for an overview, see [3]).
One of its techniques, Adaptive Presentation, allows to conditionally include text
fragments. In systems like AHA [2], conditional rules are included into the hy-
pertext document. Using a technique like lazy task execution allows moving the
rules from the document to a dedicated component like the tutorial planner with
the advantages described above.

Open corpus hypermedia as described in [8] allows to integrate HTML pages
from different sources. Using information about the concepts a page covers (pro-
vided by the author), the system generates a trail (course) leading the learner
to her learning goal. The generation takes into account the learner’s knowledge
and the dependency relations between the concepts, but no other explicitly rep-
resented pedagogical knowledge.

An alternative to IMS CP [9] as the output of the course generation is IMS
Learning Design (LD, [10]). IMS LD describes ordered activities in learning and
the roles of the involved parties. However, in our context of web-based elearning,
the simpler IMS CP proved to be adequate.

To summarize, in this paper I described tutorial planning, an approach to
course generation that is based on a declarative representation of pedagogical
knowledge. This knowledge level provides a framework which solves several of to-
day’s problems. These include the integration of distributed content and learning
supporting tools within a course, dynamic adaptivity of a generated course, new
forms of interaction, and offering course generation as a service.

The implementation is currently underway. The HTN-planner JSHOP was
extended and connected to a metadata mediator. Parts of the problem-based ped-
agogical strategy are formalized. After the implementation, several pedagogical
scenarios will be formalized and tested. An evaluation will assess and help to im-
prove the system. It is an essential goal of my research not only to theoretically
but also practically advance technology supported learning.
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Abstract.  Although  the  Cognitive  Tutor:  Algebra-1  is  effective  at  increasing
individual learning, it lacks support for collaboration between students. We intend to
explore the potential benefits of integrating a mutual peer tutoring script with the
cognitive tutors, such that students take turns tutoring each other on problem-solving
tasks, rather than being tutored directly by the computer.  The script  is  based on
current  Algebra-1  curriculum  goals  and  situated  within  the  cognitive  tutor
environment,  but  requires  collaborative  additions  to  the  interface  and  cognitive
model.  We  expect  that  the  script,  in  conjunction  with the  cognitive  tutors,  will
improve domain learning and knowledge of problem-solving skills.

Introduction

A cognitive tutor is an intelligent tutor that compares student action during problem-solving
to  a  model  of  correct  action,  and  provides  context-sensitive  hints,  error  feedback,  and
problem  selection.  These  tutors  are  effective  at  increasing  student  learning;  use  of  the
Cognitive Tutor: Algebra-1 (CT) has been shown to improve algebra understanding by about
one standard deviation over traditional classroom instruction [1].  Because students would
show further learning gains if their use of the cognitive tutors was balanced with collaborative
activities, the CT is intended to be deployed in classrooms where students work together in
groups and teachers act as facilitators, not lecturers. Unfortunately, this collaborative vision is
not always realized in practice [2].

Collaboration  can  increase  student  mastery  of  domain  knowledge  and  reasoning
strategies, but is only effective when designed to encourage particular behaviours, such as
providing group members with useful help, resources, and feedback [3].  To this end, many
researchers develop collaboration scripts, or structured interactions with designated roles and
activities  for  participating  students.  These  scripts  engage  students  in  elaborate  cognitive
activities that promote domain learning [4], and might be a way of introducing collaboration
into the CT environment.

One type of collaboration script is a mutual peer tutoring script. In mutual peer tutoring,
a student first tutors a partner and then is tutored by the same partner. To be most effective,
tutoring sessions need to be structured and incorporate rewards for good performance [5].
Tutors must prepare ahead of time [6] and, during the tutoring session, provide elaborated
explanations  [7]  that  the  tutee  can constructively use  to  solve  the  problem [8].  Making
individual students aware of and accountable for the skills that they are acquiring has been
shown to  increase  learning in  peer  tutoring settings  [9].  In  general,  incorporating  these
elements into a peer tutoring script tends to increase student learning. 

We propose to integrate collaboration into the existing cognitive tutor framework using
a peer tutoring script (PTS) that is consistent with the curriculum goals of the CT [10].  The
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script will be easy for students to use, because it will be built upon the existing CT interface.
Students will  already be aware of tutoring concepts,  because they will  have internalized
information about the tutoring process due to their previous exposure to cognitive tutors [11].
Finally, this integration will leverage the modeling capabilities of the CT to build a cognitive
model of the student collaboration that can further support a positive interaction.  

In this paper, I review the structure of the current CT. Next, I describe the script, and
detail additions to the CT in terms of the interface and cognitive model. We expect that the
integration of the peer tutoring script and CT will increase student algebra achievement.
 

1. Cognitive Tutor: Algebra-1

The  CT focuses  on  “the  mathematical  analysis  of  real  world  situations  and  the  use  of
computational tools” [1]. Students read a word problem and related mathematical questions
in the Scenario Window (Figure 1). To solve the problem, students can use the Worksheet,
Grapher, and/or Solver Windows. In the Worksheet, students identify quantities and units,
answer Scenario questions, and enter algebraic expressions.  The Grapher is for labelling
axes,  setting axes  bounds,  and plotting lines  and  intersection  points.  Students  use the
Solver  to  solve equations  in  a  step-by-step  fashion.  Once  students  have  completed all
problem steps, they select “Done” from a menu, and proceed to the next problem.

Figure 1. A screenshot of the Algebra Cognitive Tutor

As the student works on the problem, the cognitive tutor performs model tracing,
monitoring the student’s progress based on a model of correct and buggy (incorrect) student
performance. When the student makes an error, the cognitive tutor will immediately “flag” it
(i.e., turn input text red) and, for common errors, output a message in the Help/Error Window
that explains the student’s misconception. At any time, the student can request help, and the
cognitive tutor will provide hint messages in the Help/Error Window. For each desirable
action in the cognitive model, there are hint messages at multiple levels, so if students cannot
solve a problem using the first hint, they can request the next hint. Model tracing insures that
students get immediate and useful feedback on their progress.

The tutor also performs knowledge tracing [12] by keeping a running estimate of
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student mastery of skills and areas of difficulty.  Skill levels are displayed in the Skillometer
window, shown in the lower right of Figure 1, so that students are aware of their progress.
Once a skill bar crosses a particular threshold, it is marked as a known skill.  Cognitive tutors
choose problems in a unit based on the skills the student has not yet mastered.

2. Expanding the Cognitive Tutor Curriculum using the Peer Tutoring Script

The PTS builds on the existing algebra problems and tools in the CT curriculum. Students are
placed in homogeneous dyads with respect to age and gender and take turns being the peer
tutor (the person doing the tutoring) and the peer tutee (the person being tutored). In the first
phase of the script  (or  preparation phase) peer tutors perform exercises  related to each
problem they will be helping the peer tutees solve in the second phase (the collaboration
phase). During the final phase (the  meta-evaluation phase), the students have a structured
discussion of the skills they used. Students should show learning gains after using this script
because of its peer tutoring and monitoring requirements. 

In the preparation phase, the peer tutor prepares to teach the peer tutee. Peer tutors
read through an example solution for the current problem and solve an analogous problem.
They then reflect  on their  role  as  a tutor  by matching the skills  required to solve the
problem with the steps taken, rating the difficulty of the skills, and thinking about how
they would explain the problem steps. For example,  the peer tutor might be given the
scenario and solution to this rate-of-change story problem found in the CT curriculum: “A
huge mirror with a telescope is being moved by truck from Pittsburgh, PA to Charleston,
South Carolina, a distance of 523 miles.  The truck averages 12 miles per hour and has
already traveled 70 miles.” After reading through the example solution, involving the use
of the Worksheet and Grapher, students would be asked to solve a similar problem with
different  surface  features  (i.e.,  12  miles  per  hour  might  become  17  miles  per  hour).
Students would then explictly match problem-solving skill questions, such as “Can you
find an expression for the problem?” to steps they have taken in solving the problem, such
as typing “y = 12x + 70” in the appropriate textfield in the Worksheet. Students might rate
finding the expression as a difficult skill, and, to further prepare for the tutoring, explain to
themselves  the steps they took in  finding the expression.  Throughout this  process, the
students will be aided by the CT, which will offer hints and bug messages as necessary.

In the collaboration phase, the peer tutor helps the peer tutee solve the problems that
the tutor completed in the preparation phase.  As in the individual use of the CT, the peer
tutee is given the problem in the Scenario window, and solves it using the relevant tools
(in the above example, the Worksheet and the Grapher). However, it is the peer tutor who
is  responsible  both  for  providing  explanations  to  the  tutee  and  for  rating  the  tutee’s
mastery of the skill questions. For example, the first step in solving the problem might be
identifying the  quantities  involved.  As  the  peer  tutee  correctly completes  this  step  by
filling in the quantity names in the worksheet, the peer tutor would increase the values of
the skill bar in the Skillometer beside the skill question “Can you identify the quantities
involved in the problem?”  The next step might be identifying the units involved in the
problem.  If the peer tutee gets this step wrong, the peer tutor is expected to recognize that
the tutee needs help, explain what to do, and then confirm that the tutee understands the
explanation. The peer tutor will  be encouraged to formulate good explanations by first
asking  a  leading  question,  then  providing  a  hint,  and  then  providing  a  more  detailed
description of how to solve the problem. This rating and hinting process continues until
the problem is complete. The CT will also be used during this phase to monitor and tutor
the collaboration between the students, ensuring that the dyads solve the problem correctly
and provide each other with good explanations and feedback.  

In the  meta-evaluation phase,  the students have a structured discussion about the
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skills involved in the problems. The peer tutee asks the peer tutor each skill question, the
peer tutor explains how to complete the skill, and the two students discuss the merits of the
peer tutor’s answer.  Next, the peer tutee looks at his or her rating on that skill, explains
the mistakes made, and discusses whether the rating is justified. The students also examine
the preparation to teach that skill, reflecting on simple questions such as, “Did the peer
tutor think it would be difficult?” Eventually, the students will come to an agreement on
how to answer the skill question, the peer tutee will input the answer, and the students will
move on to the next skill.  The purpose of this phase is to have the students reflect very
specifically on the steps they took and skills they employed in solving the problems.

Learning gains due to this approach are expected to come from student engagement
in  positive  collaborative  behaviors  and  skill-monitoring.  The  preparation  phase  should
allow the  peer  tutor  to  master  a  given  set  of  problems,  even  if  the  student  has  been
previously unsuccessful at math. The skill reflection exercise should lead peer tutors to
think in elaborated ways about the problem, encouraging them to link concrete problem-
solving steps to abstract skills and describe how they would explain those steps. During
the collaboration phase, the tutor’s explanations should benefit both students. Because the
tutor's explanations have been prepared, even weaker students should serve as effective
tutors, and tutees of all abilities should be able to use the explanations constructively. The
process of rating the tutee should help both peer tutors, who will become more aware of
the skills involved in solving the problem, and peer tutees, who will become more aware
of their progress.  The meta-evaluation phase is expected to be useful because students will
discuss the problem steps and skills employed in the previous two phases in further depth.
If the problem is challenging enough, these benefits should appear in dyads of all abilities. 

3. Integrating the Peer Tutoring Script with the Cognitive Tutor: Algebra-1

To implement the PTS, collaborative additions need to be made to the CT.  Because it is
important that the PTS is situated within the CT environment, the script uses preexisting
elements of the CT, such as the Worksheet, Grapher, and Solver tools.  Some changes
involve adding additional tasks to the interface and model, such as the skill reflection task
in the preparation phase. These changes are relatively simple to implement. However, the
collaborative extensions are more complex and require more description.

3.1 Interface Changes for Collaboration

The primary change to  the structure of  the CT occurs  during the  collaboration phase,
because collaboration is not supported in the current interface.  In the collaboration phase,
students are located at different computer terminals. Students share windows so that an
action performed by one student is seen by the other student. Some shared windows allow
some actions from one student and different actions from another student. Table 1 contains
a list of the windows that will be available in the collaboration phase, their visibility to
each student, the actions they allow, and their use.

Despite these necessary changes, the use of the interface in the collaborative phase
will be similar to students' experiences during the individual use of the cognitive tutors.
The  only new  window  is  a  Chat  Window,  which  allows  the  students  to  discuss  the
problem. Further, the actions that the peer tutor can perform in this  phase parallel  the
cognitive tutor actions  in  the individual  use of the tutor:  flagging errors,  updating the
Skillometer,  and providing feedback in the Chat  Window. Student  familiarity with the
individual tutors should generalize to their use of the collaborative tutors.
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Table 1. Interface Windows in the Collaboration Phase

Interface Tool Shared Allowed Actions Use
Scenario Window Yes None Problem description

Completed Tools from
Preparation Phase

No - visible only to the
peer tutor

None Answers to the problem

Active Tools Yes Peer Tutor – flag actions
Peer Tutee – input actions

Tools the peer tutor must
use to solve the problem

Chat Window Yes Text input Place for Peer Tutor to
give hints and feedback

Skillometer Yes Peer Tutor – changing the
values of the skill bars

Facilitates student
monitoring of skills

Hint/Error Window No - each student has a
separate window

None Place for Cognitive Tutor
to give hints and feedback

3.2 Developing a Cognitive Model for Collaboration

Adding collaboration to the cognitive model is another change to the CT. Because the two
students  are  at  different  computer  terminals,  the  CT can “model  trace”  each student's
collaborative actions and provide feedback as necessary. By improving the  interaction
between the students, the CT will increase learning gains.  To achieve this difficult goal, a
model will be developed for peer tutoring, using empirical data from student collaboration.

In an early step toward developing the cognitive model, we conducted a pen-and-
paper pretest of the PTS with two dyads of middle-school students. As we expected, the
process  of  the  tutoring  needs  to  be  supported.  Peer  tutors  went  through  a  process  of
watching the tutee solve each problem step, comparing the solution to their answers, and
then rating the student on that particular skill. When they had to provide explanations to
the  tutee,  they  went  through  three  steps:  recognizing  that  the  student  needed  help,
providing explanations, and then confirming that the student understood. Should future
studies support these observations, a cognitive model can be developed that emphasizes
these tutoring stages. 

Surprisingly, tutors made specific errors that suggest that the content of the tutoring
sessions also needs to be modeled. There were skills for which the peer tutors wanted to
provide explanations, such as writing an algebraic expression, but were unsure of how to
proceed.  They would fail  to  explain  problem steps  in  a  manner  that  their  tutee  could
understand, or would provide the tutee with too much information. On a parallel note, peer
tutees did not always use the tutor's explanations constructively, copying down the answer
without ensuring that they understood the material. Using this and further pretest data, it is
possible to gather information about common student errors within the context of the PTS
that can form the basis for definitions of buggy student actions. Although the development
of a cognitive model for tutoring is difficult, we think the initial step of creating a model
for the tutoring process in the PTS is achievable. Once that is accomplished, a model for
the tutoring content can be considered.

4. Future Work

Although the  CT has  been effective  at  increasing student  learning,  it  lacks  support  for
collaboration,  which  has  also  been  shown  to  be  beneficial.  We  have  proposed  to  add
collaborative features to the existing CT curriculum, expanding the interface and cognitive
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model,  by  incorporating  a  mutual  peer  tutoring  script.  This  script  builds  on  students'
experience with the CT by putting students in the role of the computer, asking them to
“model trace” their tutee's steps, provide feedback as necessary, and update their estimates of
the tutee's mastery of the skills. We anticipate that these additions will improve students'
domain-content understanding and knowledge of desired domain skills, by increasing their
ability to provide useful explanations and to monitor their own and others’ performance.  

The  addition  of  the  PTS  to  the  CT  involves  design  and  implementation  phases,
followed by an experimental phase to evaluate the suitability of the script for deployment.
We will be pretesting the PTS using dyads of middle school students to refine the script and
aid in the design of the collaborative interface and cognitive model. Simultaneously, we will
be implementing the changes to the CT and developing appropriate algebra problems to
complement  the  script.  In  the  fall,  we  will  be  conducting  classroom  studies  with  the
modified CT and evaluating the effectiveness of the PTS. The combination of collaboration
and cognitive tutor methodology should combine the benefits of both approaches.
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Abstract: The effectiveness of human one-to-one tutoring is largely due to the 
tutor’s ability to adapt the tutorial strategy to the students’ emotional and cognitive 
states. Even though the tutoring systems were developed with the aim of providing 
the experience of human one-to-one tutoring to masses of students in an economical 
way, using learners’ emotional states to adapt tutorial strategies have been ignored 
until very recently. This paper proposes an initial study to understand how human 
tutors adapt their teaching strategies based on the affective needs of the students. 
The findings of the study will be used to investigate how these strategies could be 
incorporated into an existing tutoring system which can then adapt the tutoring 
environment based on the learner’s affect and cognitive models. 
 
 

1. Introduction 
 
Intelligent tutoring systems (ITS) are computer-based educational programs that help 
students to learn by providing adaptive pedagogical assistance. A number of empirical 
studies [8, 11] have shown that the performance of students who interact with an ITS 
improved significantly compared to those who learn in a traditional classroom setting. The 
effectiveness of ITSs is mainly due to their ability to adapt the learning instruction to the 
learners’ knowledge and belief state. However, systems that strictly focus on these aspects 
often miss critical components of user mental state and behaviour. Users’ emotional state 
was shown to strongly influence both reasoning and communication which in turn affect the 
learning process [14]. This paper outlines a study to investigate how a model of affect can 
be used to improve the objective performance of learners interacting with an ITS. Related 
work is presented in section 2. Next section presents the proposed work. 
 
  
2. Background 
 
There have been various research attempts to incorporate models of affect into an ITS. 
These attempts can be categorised based on the methods used to assess the quality and the 
intensity of the affective states of the learners [5]: (i) self-report (ii) behavioral and cognitive 
indices (iii) psycho-physiological indices. 
 
Self-report: If we assume that emotional states are conscious, the primary way to assess 
their presence is self-report. Self-report provides an opportunity for students to externelise 
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their feelings or attitudes during learning. This makes it easier for the tutors to adapt their 
pedagogical actions to suit the individual learners. Self-report methods include 
questionnaires and interviews that might be conducted briefly during a help session. 
Reporting can also be facilitated using scales, buttons, menus etc.  

de Vicente and Pain (1999) conducted an empirical study to explore the feasibility of 
self-report in diagnosing motivation. They investigated whether self-report was acceptable 
to students and whether the information obtained was reliable. It was concluded that self-
report was generally well-received by students, and is a valid approach to diagnose 
motivation. However, it was also recommended that relying exclusively on self-report was 
not advisable, as sometimes students did not update the self-report facilities as frequently as 
the motivational states changed.  

 
Behavioral and Cognitive indices: Another means of measuring emotional states is to 
detect behavioral and cognitive patterns that are associated with them [5]. de Vincete and 
Pain (2002) conducted an empirical study to investigate whether the feasibility of detecting  
a student’s motivational state based on her interactions with an ITS. The participants (10 
post graduate students with previous teaching experience) were asked to watch the recorded 
interactions of a student with MOODS (a prototype ITS for learning Japanese numbers with 
an added motivation self-report facility), and infer and comment on the motivational state of 
the student during the interaction. The inferences were based on the way a student 
performed the exercises such as the order in which she did the exercises, whether she gave 
up or not, mouse movements during an interaction etc. These inferences were then used to 
produce a set of motivation diagnosis rules and their validity is yet to be evaluated. The 
results suggest that it is feasible to infer motivation diagnosis knowledge based only on the 
information provided by the computer interactions in an intelligent tutoring system.   
 Conati and Zhou (2002) have developed a probabilistic model that assesses student 
emotional reaction during interaction with Prime Climb, an educational game designed to 
assist students learn number factorization. This model is based on the OCC cognitive theory 
of emotions. This model records how game events relate to the students’ goals, as well as 
how these goals probabilistically depend on the students’ traits and playing behaviour. This 
model is developed to assess student’s affective states during the interaction with the 
climbing instructor, an intelligent agent used to improve the pedagogical effectiveness of 
Prime Climb. The function of this agent is to provide hints that help the student to reason 
about number factorization, without compromising her level of engagement. Evaluations 
were carried out to validate the accuracy of the model and is yet to be incorporated into the 
pedagogical activities of the agent.  
 A model proposed by Beck (2004) determines the probability that a student is actively 
engaged when trying to answer a question. This model is based on item response theory and 
uses as input the difficulty of the question, how long the student took to respond, and 
whether the response was correct. The model was validated using students’ interactions with 
the 2002-2003 version of the Reading Tutor. Students were asked to select the missing word 
(from a list of four responses) for a given sentence. The analysis revealed that 
disengagement is better modelled by simultaneously estimating student proficiency and 
disengagement than just estimating disengagement alone. Moreover, disengaged students 
had smaller learning gains while students with a positive attitude towards reading had higher 
gains. Even though this study allows to validate the affective model using data normally 
collected by an ITS, it has been applied only for closed questions.  
 
Psycho-physiological indices: It has been shown that that an emotional state modulates 
many physical changes in tandem: provoke specific facial actions, increase or decrease 
tension in muscle groups etc.[14]. A variety of psycho-physiological indices such as heart 
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rate, blood pressure, skin conductance, finger temperature, respiration can be used to detect 
emotions via sensors such as microphones, cameras, strain gauges applied to mouse buttons, 
special wearable devices etc. Use of such psycho-physiological data may provide the most 
dynamic and objective approach for assessing changes in a person’s affective state.  
 An empirical study was conducted to assess the performance of biometric signals in 
detecting students’ affective states interacting with Prime Climb (mentioned above) [3]. 
The biometric signals focused on are skin-conductivity (SC), electromyography (EMG) of 
the muscles involved in frowning and corrugating eyebrows, blood-volume pressure (BVP), 
and respiration (RESP). The study was carried in an uncontrolled environment in which 
students interacted freely with Prime Climb. The objective of the study was to ascertain 
whether the four sensors could identify the six specific emotions currently modelled in the 
dynamic decision network (joy, distress, admiration, reproach, pride and shame). The level 
of noise in all the signals was high and all the sensors are sensitive to motion. Consequently 
the researchers had to focus on less noisy SC and EMG signals as it was difficult to detect 
meaningful patterns for RESP and BVP during the preliminary analysis. Results indicated 
that a sudden arousal can cause a startle response in the SC signal and that the relative 
amplitude of this pattern is directly related to the user’s arousal level.  
 Haag and colleagues (2004) used data gathered from a set of biosensors to train a neural 
network classifier. It was then used to automatically detect the emotional state of a user in 
terms of arousal and valence values. The data was gathered from a single participant on 
different days and different times of the day. The standard photo set was used to elicit 
emotions. The participant’s heart rate, BVP heart rate, BVP amplitude, EMG amplitude, 
skin conductivity, respiration rate were used to train the neural net. Two separate networks 
for valence and arousal each were trained. The results indicate that the estimation of the 
valence value is a much harder task than arousal.  
 
3. Proposed Work 
 
The field of affective tutoring systems is very young and researchers still focus on the initial 
issues such as which emotions are most important for learning, how to assess the emotions 
of interest etc. Currently researchers focus on generating models and evaluating them. To 
the best of our knowledge, an affective model is yet to be used to improve the objective 
performance of the learners.  
 According to Self (1990), it is more important to focus on using the student model to 
enhance the effectiveness of the pedagogical process, than building a highly accurate 
student model that models everything about the student. Therefore, we are interested in 
investigating how an affective model can be used to improve the objective performance of 
learners. One of the things that we choose to focus on is to develop an effective problem 
selection strategy because most ITSs employ adaptive problem selection based only on the 
cognitive model which may result in problems being too easy or too hard for students. This 
may occur due to factors like how much guessing was involved in generating the solution, 
how confident she was about her solution, how difficult/easy she thought the problem was 
etc., which are not captured in the student’s cognitive model. Therefore, using both 
cognitive and affective models can potentially increase the effectiveness of a problem 
selection strategy, which in turn can improve the learners’ motivation to interact with the 
system.  

One of the main issues in developing a problem selection strategy is to decide on the 
level of difficulty for each problem. We plan to dynamically compute the difficulty of the 
problem for a given student at a certain moment during learning which was shown to 
improve the effectiveness of problem selection compared to that is based on static problem 
complexities [10]. The approach discussed in [10] is based on the weighted sum of 
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probability of the student having already learned each constraint relevant for the problem. 
However, this approach does not consider the student’s confidence while solving the 
problem. In other words, if the student struggled to solve the problem, that might lead to 
shallow learning. In such situations, it is better if the next problem covers the same domain 
concepts with a lager number of constructs involved. For example, in the domain of Entity 
Relationship (ER) mapping, students are given an Entity Relationship (ER) diagram and 
expected to design the relational database mapping following a seven-step procedural 
algorithm [6]. If a student struggles to solve a problem, which involves only the first three 
steps, it will be better for the student if the next problem requires applying the first three 
steps for a larger number of constructs. This way, the student is given an opportunity to 
reinforce the domain concepts she has just learnt before having to learn new domain 
concepts.  

  Even though it may be possible to find a problem which is at the correct level of 
difficulty using this method, student’s perceived level of difficulty will play an important 
role in deciding whether she is motivated enough to solve the problem. One possibility is to 
use psycho-physiological indices to estimate the student’s perceived level of difficulty of 
the problem. We have yet to investigate which psycho-physiological indices will best 
indicate the changes in the student’s affective state. The next step is to decide how these 
changes which may occur between the time period of completing the current problem and 
reading the next problem, can be linked to perceived level of problem difficulty. If there is 
an indication of a higher perceived problem difficulty, then we plan to give the student the 
opportunity to decide whether she wants to attempt the selected problem or an easier one. 

If the student wants to attempt the current problem in spite of her perception of it being 
too difficult, we propose to provide more support to solve the problem. Currently all the 
constraint-based tutors provide feedback on demand. However, it might be more beneficial 
to provide immediate feedback, as it avoids the student hitting too many impasses which 
can frustrate the student. We also propose to use self-explanation to enhance opportunities 
to engage in deep learning and also to prevent the student depending too much on the 
immediate feedback to solve the problem. Self-explanation is described as an “activity of 
explaining to one-self in an attempt to make sense of new information, either presented in a 
text or in some other medium” [2]. Self-explanation has been shown to be an effective 
teaching and learning meta-cognitive strategy which facilitates the identification and 
removal of misconceptions promoting reflection. We plan to use the student’s affective 
model to identify instances where students need explicit assistance to engage in deep 
learning through self-explanation. Therefore, in this research we propose to use the model 
of affect not only to help students gain domain-specific knowledge, but also meta-cognitive 
skills such as self-explanation, reflection etc. 

When the student solves a problem perceived as being too difficult with the system’s 
additional support, it will be better if the next problem covers the same domain concepts 
but with a larger number of constructs as discussed earlier. On the other hand, if the student 
requests an easier problem, then it may be sufficient to provide feedback on demand. If the 
student is able to solve this problem successfully, it may help her to improve her 
confidence. Therefore, we believe that it is appropriate to give the student the option of 
attempting the problem which was earlier perceived as too difficult. This strategy will 
provide us valuable insights as to whether increased confidence gained by solving easier 
problems motivates the students to attempt difficult ones. 
 Several ITSs have been developed by the Intelligent Computer Tutoring Group, at the 
University of Canterbury [12] based on constraint-based modelling [13], a student 
modelling technique which is becoming increasingly popular. Some of the tutors developed 
are SQL-Tutor for database querying, KERMIT for database modelling, NORMIT for 
database normalization and ERM tutor for database mapping [9]. We chose to use ERM 
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tutor as our tutoring environment as ER mapping is a very well-defined task making it 
relatively easier to incorporate an affective model than an open-ended task such as database 
modelling. The current version of the ERM tutor does not have a sophisticated problem 
selection strategy or a strategy to facilitate adaptive self-explanation. 
 As we want to explore how emotional states of students could be used to adapt the 
tutoring strategies, we propose to conduct a study to understand how human tutors respond 
to learners’ affective states. The objectives of the study are to understand how human tutors 
identify the emotional states of students during learning and how human tutors adapt 
tutoring strategies in each situation. Based on the study we want to explore how this 
adapting of tutorial strategies can be incorporated into an intelligent tutoring system. 
Participants will be students who are enrolled in an introductory database course for 2005 at 
the University of Canterbury. As ERM tutor provides a problem-solving environment and 
intend to complement classroom instruction, the study will take place only after the students 
have learnt the relevant learning material in the classroom. Several professional tutors will 
sit beside the students and observe them while the students interact with the system.  
 At the beginning of the study, the participants will be asked to sit a pre-test online which 
can be used to understand their background knowledge. The participants will then be asked 
to use the current version of the ERM tutor. In addition, the human tutors are expected to 
provide a one-to-one tutoring environment for each student based on their emotional states  
i.e. to guide the students towards the correct solutions using appropriate methods like asking 
questions at appropriate times etc. The problem set in the ERM tutor is arranged according 
to the complexity by a human expert. However, the students have the freedom to select any 
problem they want. Participants are expected to use the system for at least an hour. 
However, deciding when to stop using the system is left to students. At the end of the study, 
they are asked to sit a post-test online which can be used to gain a measure of their 
improvement. All the participants will be interviewed at the end of the individual sessions to 
understand their perceptions about the human tutoring and the system. They will also be 
asked to comment on the non verbal behaviour they received from the human tutors and 
how it affected their learning experience. At the end of the study, the human tutors will also 
be interviewed to understand their views on the tutoring sessions and the system. Students’ 
interactions will be recorded by the ERM tutor and all the sessions will be videotaped.   
 Initially, the researchers will analyse the video recordings without the human tutors to 
investigate whether the tutoring strategies used by different tutors and the non verbal 
behaviour which triggered them could be understood. The researchers will also look for any 
similarities between the strategies. The extent to which this information can be extracted 
without the human tutors’ assistance will provide a measure of the feasibility of 
incorporating the tutoring interventions into an ITS. As the second step, the video 
recordings will be analysed with the human tutors to understand the students’ emotions 
detected by the tutor and how the presence of these emotions helped the tutor to decide what 
type of intervention is needed. For instance, how does a human tutor recognise that a student 
is frustrated because the current problem is too difficult for her, or what is the most 
appropriate question to ask in a situation where the student tries to guess the answer. The 
first example relates to how an adaptive problem selection strategy can be incorporated into 
an ITS, whereas the second one relates to how self-explanation can be facilitated in an ITS.  
 User logs will be analysed to obtain important behavioural data such as response times, 
number of attempts required to arrive at the correct solution etc. We would then explore 
how this type of behavioural data can be used to adapt the tutorial strategies.  
 Students’ performance on pre- and post-tests will also be analysed to understand how 
much they have improved.  For each student, we plan to record the domain concepts or the 
steps of the mapping algorithm the students have problems with before interacting with the 
system, the tutoring strategy used to help them, and the effectiveness of the used strategy in 
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terms of post-test scores and students’ comments. If several students have difficulties with 
same domain concepts and have been tutored by different human tutors using different 
strategies, then the effectiveness of each strategy can be compared. 
 Video recordings, user logs, students’ and tutors’ comments and pre-and post-test 
performance will provide valuable insights to which emotions are vital to assess and how to 
detect their presence. Then we need to decide on how to assess the selected emotions 
through the available methods such as self-report, behavioural (interaction) patterns (such as 
response times, mouse movements etc.) and other data collected through bio-sensors. The 
next step is to develop an affect model which can be incorporated into the ERM tutor. It is 
crucial to carefully select the effective tutorial strategies to be incorporated into the tutor 
based on the study. We then need to design and implement the selected tutorial strategies 
based on the affect and the cognitive models. Finally, comprehensive evaluations studies are 
required to obtain a measure of the effectiveness of these affective components and 
the tutorial strategies in the domain of database mapping.  
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Abstract. This paper presents the integration of an affective framework into an 
Intelligent Tutoring System (ITS).  This framework extends current affective 
learning frameworks by introducing a two layered appraisal and reaction process. 
The implementations of these layers are undertaken at two learning stages: at the 
beginning of a lesson and during the lesson. Primary appraisal, which is 
implemented at the beginning of a lesson, uses the PANAS questionnaire to 
appraise the student’s affective state. The secondary appraisal phase, on the other 
hand,   uses two emotion eliciting factors:  the difficulty level of the lesson and 
the students’ control over the lesson. As for the reaction phase, both domain- 
dependent and domain-independent strategies are used as a means to help 
students manage their emotional state. Preliminary empirical work supports the 
hypothesis that students believe that emotions are important to leaning.  

 
1. Introduction 
 
Although emotion plays a central role in human learning, the issue has been largely 
neglected in most implementations of computer-based and web-based learning 
environments [18]. However, in the context of Intelligent Tutoring Systems (ITS) 
emotion   is an area gaining increasing attention (e.g [2, 4, 5, 7, 14, 16]). Many findings 
from researchers in education and psychology have indicated that   positive emotions 
help students to perform their work better (e.g [9, 10]). Bryan & Bryan [3], for instance, 
have reported that the performance of students with learning disabilities can be improved 
by inducing positive emotions. Astleinter [1] has made an interesting advance by 
integrating emotion into instructional design. He proposed 20 instructional strategies for 
reacting  to five emotional states, namely anger, envy, fear, pleasure and sympathy.  
 

There is evidence that positive emotions can enhance a student’s performance in 
learning. The ability to broaden the scope of student cognition in learning is the first 
advantage of being in a positive emotional state. Isen and colleagues have shown that  
people experiencing positive  emotions show patterns of thought that are notably unusual, 
flexible, inclusive, creative, integrative, open to information and efficient [12, 13]. In 
general terms, Isen suggests that positive affect produces a “broad, flexible cognitive 
organization and ability to integrate diverse material” [13]. Although Isen’s work does 
not directly involve students, it provides strong evidence that positive emotions broaden 
cognition in solving problems that have a big impact on learning. Positive affect appears 
to increase learning by engaging higher brain mechanisms that enrich and activate mental 
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schemas, consolidate long-term memories, and enhance learner ability to make diverse 
associations [9].  
 

Broadening students’ scope for action is the second advantage of students being in 
a positive emotional state.  Renninger [17], studied children’s reactions when playing 
with objects that elicited interest. He found that children in a positive emotional state 
showed a wider range of types of play, more variations of action within play types and 
longer play episodes. In another experimental study, Yasutake & Byran [20] reported that 
students in a positive emotional state tend to produce significantly faster mastery of a 
learning task.  
 

Finally, positive emotions have the ability to correct, restore, and undo the after-
effects of negative emotion [8, 15]. Fredrickson & Levenson [8] measured the time 
elapsed from the start of a randomly assigned film until the cardiovascular reactions 
induced by the negative emotion provoked by that film returned to baseline levels. The 
participants in a positive emotional state exhibited faster recovery. This finding suggests 
that positive emotions have the ability to reduce a negative emotional arousal. Although 
these experiments are not related to learning environments directly, it seems plausible 
that positive emotions might have similar impact for students while learning.  
 
2. An Emotionally Sound Affective (ESA) Framework 
 
The ESA framework consists of two phases: 1) the appraisal phase, which attempts to 
assess the students’ emotional state and 2) the reaction phase, which proposes the use of 
adaptive strategies and activities in order to help students manage their emotions. The 
implementation of these phases will both be undertaken at each of two learning stages: 
the beginning of a lesson and during the lesson.  

 
 The primary appraisal, which uses the PANAS questionnaire [19] appraises the 

student’s emotional state at the beginning of a lesson. The primary appraisal establishes 
the student’s emotional state with regard to his personal beliefs and goal commitments. 
However, the primary appraisal is envisaged only if the student feels it is necessary. The 
secondary appraisal uses the student’s reactions to two eliciting factors to appraise 
emotion. These eliciting factors are:  the difficulty level of the lesson which is based on 
the nature of the lesson and the student’s control over the lesson.  

 
 The student’s Control over the lesson is modelled using student-computer 

interactions that are based on three methods:  1) by on-line communication with the 
student during the interaction, 2) by monitoring student’s requests for help to complete 
the lesson, and 3) by the student’s self-reporting. The intensity of the Control eliciting 
factor is determined by its three eliciting variables: Independence, Effort and 
Competence. These are derived from earlier motivation modelling techniques (e.g [6, 7]). 
Independence is defined as the degree that students prefer to work without asking others 
for help. Effort is defined as the degree of engagement that students display in 
accomplishing a task. Competence is a measure of the students’ knowledge and skills 
when  performing a lesson task proficiently.  

 2

        AIED 2005 - Young Researcher Track Proceedings

Page 174



 
 Just as for the appraisal phase, the ESA framework implements the reaction phase 

at two learning stages: 1) at the beginning of a lesson and 2) during the lesson. Its main 
objective is to help students manage their emotions, especially after experiencing 
negative emotions, by using two underpinning strategies:  domain-independent or 
emotion-focused strategies and domain-dependent or problem-focused strategies. 
Domain-dependent strategies help students by providing suitable suggestions and tips that 
are adapted to the students’ elicited emotional state and are based on the premise that 
students in a positive emotional state are more capable of mastering their lesson [9]. 
Domain-independent strategies include the use of coping statements and relaxation 
exercises. For example statements such as “I can make things happen” are used to 
maintain students’ happiness while statements such as “I can see this problem from 
another perspective to make it seem more bearable” are used to reduce students’ 
nervousness. Apart from coping statements, relaxation activities such as muscle and head 
exercises are employed to help students manage their emotions.   
 
3. Preliminary result  
 
In order to judge how students view the role of emotions in learning, a small 
questionnaire based study was conducted. The survey involved 18 students at the 
University of Sussex. This survey consisted of three parts which were meant to determine 
1) the importance of emotion with regard to learning, 2) their emotional state while 
programming and 3) strategies that they believed might help them in learning. The 
questionnaire was administrated during a lab session associated with their programming 
course which was three days before the deadline for their programming project.  
 

In the first part of this survey, three questions were asked to determine the 
student’s view of   the importance of emotions with regard to learning. 53% of students 
regarded emotions as important to learning while 41% of the students regarded emotions 
as very important to learning.  The result of this first part that summarised respondents’ 
answers is presented as Table 1. 

 
Table 1: The summary of  the importance of emotions  with regard to learning 

Questions Not 
True 

Somewhat 
true 

Don’t 
know 

True  Very 
True 

Emotions are important in learning. 0.0% 5.8% 0.0% 52.9% 41.2% 

Emotions are as important as knowledge in 
learning. 

5.8% 17.6% 11.8% 47.1% 17.6% 

Emotions are important, but not in learning.  68.8% 25.0% 0.0% 12.5% 0.0% 
 
In the second part of this survey, the PANAS questionnaire [19] that has 20 

questions was used to determine students’ belief about their affective state while doing 
programming. Students were asked to indicate “how you feel at the present moment” and 
rated each emotion term with a five-item Likert-type response format with 1 being 
slightly or not at all to 5 being extremely.  A one-sample t test was then conducted on the 

 3
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students’ data to compare with the average student (assumed to be 2.5 on the PANAS 
scale). The summary of this survey is as Table 2 below.  

 
Table 2: Analysis of students’ affective state  
 
 Mean Std D t df Sig (2 Tailed) N 
Positive 
Affect  

3.0 0.68 3.35 17 p <0.01 18 

Negative 
Affect  

2.1 0.64 -2.64 17 p <0.01 18 

 
The results lend some support to the notion that students experience either a 

positive affective state or a negative effective while learning. With many other findings 
from researchers in education and psychology  indicating that  emotion plays an 
important  role in learning [9, 10], it is hypothesised that if the affective state of students 
can be observed during their  lesson,  a better strategy can be developed to help them 
manage their emotions which eventually can lead to  better performance. 
 

The third part of this survey was meant to determine which strategies students 
preferred for managing  their emotions. Students indicated that both domain- dependent 
and domain-independent strategies could be used to help them manage both their positive 
and their negative emotional states. The outcome of this survey supports the premise that 
domain-dependent and domain-independent strategies are equally important in order to 
help student mange their emotional state. The strategies preferred by the students are 
summarised as Table 3 and Table 4. 
 
Table 3: The strategies preferred by 
students to manage their negative 
emotion in learning. 
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Table 4: The strategies preferred by 
students to manage their positive 
emotion in learning. 
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4. Conclusion and future work  
 
The ESA framework makes two contributions to traditional ‘affective learning’ 
frameworks. First, it integrates   domain-independent strategies that help students manage 
their emotions into an ‘affective learning’ framework. In contrast, traditional ‘affective 
learning’ frameworks only consider domain-dependent strategies in helping students cope 
with their affective states. Emotion regulation involves both domain-dependent and 
domain-independent strategies (e.g [11,15]). Therefore, the introduction of 
psychologically grounded domain-independent strategies as an extension to current 
‘affective learning’ frameworks (e.g  [5, 7, 14])  should  help students learn better.  
 
 In its second contribution, the ESA framework integrates primary and secondary 
appraisal processes at two learning stages into an ‘affective learning’ framework. 
According to cognitive emotion regulation theories, (e.g [11, 15]) there are two appraisal 
processes at two different stages involved in individuals’ emotion regulation. The first 
appraisal takes place before the potentially affective situation has fully activated while 
the second appraisal takes place after the potentially affective situation has been 
activated. In a learning environment, it is hypothesised that the first appraisal stage 
should take place at the beginning of a lesson where the potential emotional situation is 
not yet fully activated whereas the second appraisal process should take place during the 
lesson.  
 
 The ESA framework is still at its infancy stage.  However, a small empirical study 
has indicated that emotions are important to students in learning. To manage their 
emotions, both domain- dependent and domain-independent strategies are perceived to be 
useful. In the near future, a prototype system of ESA framework that combines both 
strategies will be implemented. Apart from implementing the prototype, research will be 
conducted on the efficiency of domain-independent strategies in laboratory environments 
and also on cultural differences between UK and Malaysian students with respect to its 
utility of different strategies. An initial study has shown that students perceived that both 
dependent and domain-independent strategies are seen to be equally important in order to 
help them manage their affective state in learning. 
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Understanding the Locus of Modality Effects and How to Effectively Design
Multimedia Instructional Materials

Jesse S. Zolna
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Abstract
AIED learning systems sometimes employ multimedia instructional materials that leverage technology to replace
instructional text with narrations.  This can provide cognitive advantages and disadvantages to learners.  The goal of
this study is to improve principals of information design that cater to human information processing.  Prior research
in educational psychology has focused on facilitating learning by presenting information in two modalities (auditory
and visual) to increase perceptual information flow.  It is hypothesized that effects might also occur during cognitive
manipulations (e.g., extended storage and fact association).  The described study separates perceptual information
effects from those of cognitive operations by presenting auditory and visual information separately.  Both types of
effects can influence learning from multimedia instructional materials. Therefore, effective information design
should consider both physical and mental representations.  Knowing that multimedia effects are more than the result
of perceptual effects raises the questions of what other psychological processes influence the multimedia effect.  An
understanding of these other causes will help us create a more complete picture of what producers of multimedia
learning materials should consider during design.

Introduction
Contemporary technology is increasingly employed to improve the efficiency of educational in-
struction.  To this end, effective artificial intelligence may be used in tandem with multimedia
material.  If either the artificial intelligence or multimedia materials are designed in a way that
impedes learning, the instruction might be rendered ineffective.  Educational psychologists have
been trying to understand how multimedia instructional materials, that is presenting to-be-
learned information in more than one modality, can improve learning [1; 2].  Multimedia in-
struction aims to assist learners by leveraging technology to present information in a more com-
pelling, complete, and engaging manner.  Multimedia learning can be efficient, in that the in-
structional material can potentially provide the same amount of information in a shorter time
than traditional instructional materials.  The benefits from multimedia instructional design are
accomplished by mixing media ingredients (e.g. text, narration, diagrams, animations and
sounds) that represent a variety of modal forms (e.g., auditory and visual), to assist in the learn-
ing process.  Presenting more information faster and more completely improves efficiency of in-
struction.  However, great care has to be taken in the development of multimedia instructional
design because multimedia can also have cognitive costs [3], causing instructional inefficiencies.
Applying technology might overload learners’ cognitive resources, hindering their ability to per-
ceive new information, operate on it, and/or commit it to long-term memory.

The goal of this study is to advance the limited knowledge associated with mixing media in-
gredients that best cater to the strengths and limitations of human information processing.  In the
past, researchers developing multimedia systems have noted that guidelines for choosing how to
present information within multimodal user interfaces (e.g., multimedia instructional material)
should include principals based on human information processing capabilities [4].  It has also
been demonstrated that implications for the structure and relationship among elements that com-
prise multimedia information have been found in the cognitive science research [5].  In addition,
it is clear that effective learning can be fostered by instructional design that has been developed
with a sufficient understanding of how the human cognitive system interacts with instructional

        AIED 2005 - Young Researcher Track Proceedings

Page 179



material [6].   Research related to instructional design has proposed that controlling the process-
ing demand needed in multimedia learning environments might be achieved by spreading infor-
mation among working memory stores [1; 2].  However, the focus of these explanations have
been on perceptual level encoding (i.e., transition from the sensory store), creating information
design recommendations that center on the presentation of multimodal information.  They have
deemphasized the importance of how the two streams of information influence the active proc-
essing of information once encoded by the learner.  The two influences, that is on perceptual en-
coding and active processing, may be separable, each influential for learning.  If so, designing
multimedia interfaces with considerations for only perceptual effects, as has been common in the
past, may be incomplete.

To increase our understanding of modality effects, the present research program aims to ex-
amine the human information processing system in regards to learning, with the explicit intent to
gather insight on how it relates to the design of multimedia instructional material.  The differ-
ences in learning from information presented by visual versus auditory means will be explored.
The study discussed herein will compare learning from descriptive material (a verbal description
of the way parts of systems function) presented via a visual medium (text) and an auditory me-
dium (narration).  This descriptive material will accompany visual diagrammatic material (still
diagrams of the system).  Later studies intend to extend the knowledge gained to investigations
of different kinds of verbal materials (i.e. conceptual, factual, concrete, abstract, narrative, and
others), diagrammatic (including animated and still) materials, non-verbal auditory materials,
and interleaving combinations of visual and auditory materials.  Including factors that research
currently posits about perceptual effects, and adding to it new discoveries about cognitive re-
source effects, we hope to achieve the basis for developing a complete taxonomy of multimedia
effects.  The vision of this taxonomy is an understanding of human information processing based
on the effects of modality for both internal and external representations of information, and con-
sequently to make suggestions to designers of multimedia information.

1 Learning and Information Processing
Multimedia instructional materials are distinct from traditional instructional materials in that

they often add auditory or animated information to text, diagrams and illustrations.  Compli-
mentary verbal and pictorial information are presented to fully illustrate the subject matter.  Dia-
grammatic instructional materials make relationships between elements explicit, and allow the
learner to process more of the instructional material simultaneously; the benefit of descriptive
information is that it can express and emphasize precise details [7].  When used carefully, mate-
rials presented in tandem can take advantage of the strengths and avoid the weaknesses of both
diagrammatic and descriptive material.  Empirical evidence supports the contention that student
learning is affected positively by presenting descriptions and diagrams together [8].  Multimedia
instructional materials have the potential to exploit the human’s ability to sense information in
two presentation forms simultaneously (e.g., visually and auditory) by presenting two types of
information at the same time, and thereby facilitate processing verbal and pictorial information
simultaneously [e.g. 1 and 3].

In any learning presentation, the information is presented with the intention that observers
will be able to encode, understand and remember it; learning is the analysis and incorporation of
sensory information into the long term memory store.  Visual and auditory information are both
encoded rapidly and can extract and briefly store vast amounts of information [9; 11].  However,
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this information must be transferred to a limited, more durable form of memory [10], and every
detail is not retained.  This limited internal representation of both auditory and visual information
is eventually used as a basis for further processing [12].  Information is then stored in long-term
memory which has unlimited capacity.  Information loss is likely to be associated with short term
memory because the sensory-perceptual store has been shown to be virtually unlimited, and the
long term store has also been found to be unlimited [13].  Therefore, major impedance for learn-
ing might be a lack of cognitive resources for two important processes on new information to be
committed to long term memory: encoding and active processing.  

2 Internal representations
Baddeley’s [14] conceptualization of working memory is similar to a mental workbench where
the cognitive system temporarily stores information and performs cognitive tasks, such as trans-
fer of information to long term memory.  It contains the phonological loop which receives, holds
and operates on auditory information and the visual-spatial sketchpad which receives, holds and
operates on visual information.  Using this framework of working memory, educators have at-
tempted to identify methods for designing multimedia information that increase learning effi-
ciency by combining auditory and visual streams of information.  Wickens’ Multiple Resource
theory (MRT) is a theory of multiple task performances with practical implications that stem
from predictions regarding a human operator’s ability to perform in high work-load, multi-task
environments [15].  The value of MRT lies in its ability to predict operationally meaningful dif-
ferences in performance and prompt changes to workload that can be easily coded by the analyst
and designer and includes a four dimensional model of multiple resources, one dimension being
processing codes [16].  Wickens states that an important feature of resources is their structure; an
important structural distinction is visual-spatial versus auditory.   Interaction among information
streams is thought to be influenced by the relationship among internal representations of infor-
mation.  Paivio’s Dual Code Theory predicts understanding based on internal representations
specifically related to internal cognitive manipulations on information gathered by the sensory
system [17].  The theory is based on the general view that cognition consists of the activity of
symbolic representational systems that are specialized for dealing with environmental informa-
tion, such as instructional material.  Two classes of phenomena handled by separate subsystems
are specialized for the representation and processing of information concerning non-verbal and
verbal information.

Non-verbal (or visual-spatial) and verbal (or auditory) internal representations often corre-
spond to diagrammatic and descriptive external representations, respectively.  However, visually
and auditorily presented information included in multimedia learning environments correspond
imperfectly to this division of internal representations.  Research investigating multimedia in-
structional materials in light of Wickens’ and Paivio’s theories will define internal representa-
tions by more than just materials’ external representations.

3 Modality
The common definition of information modality refers to the physical form of presentation for a
specific piece of information.  However, after conversion of information from its physi-
cal/perceptual form to a representational/processing code form, the modal form of information
might not be dependent upon its physical form in the world [6].  Research on modality effects
has been performed with the caveat that verbal material can evoke the construction of visual rep-
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resentations, and visual material can evoke the construction of verbal representations [8; 17].
There is also evidence that regardless of physical presentation, there exist circumstances in
which a given task may be performed using either a verbal or spatial strategy [16].

Therefore, it is possible that the physical modality of information (e.g., visual or auditory
presentation style) will be transformed to a different mental modality (structure of internal repre-
sentation) for one reason or another.  Such a transformation might be manifested in sub-
vocalizing text or forming a mental image of a verbal description.  The external representation of
information, its physical modality, is inherent in the presentation mode.  Internal representations
of information, its mental modality, are inherent to how the information corresponds to process-
ing mechanisms in use by the observer.

Baddeley, Wickens, and Paivio all consider the mental modal form and interaction of these
internal representations of information in their attempts to explain human performance and be-
havior.  The three theories of knowledge assimilation propose a dichotomous view of internal
representations.  Moreover, the dichotomy for each of Baddeley, Wickens and Paivio’s concep-
tualization of internal representations separate auditory/verbal information from visual/spatial
information.  Empirical studies demonstrating the advantage of multimodal instruction design
compared to unimodal instruction design [e.g. 17; 18; 19] have focused on manipulating the mo-
dal form of presentation (physical modality) in order to improve learning, but have not con-
verged on the possibility that there are effects on performance that depend upon the modality of
internal representations (mental modality).  A complete understanding of both presentation and
internal modality effects on processing demands will offer a thorough approach to designing in-
formation that will eliminate modality effects that impede cognition important to learning and
emphasize modality effects that aid learning.

4 Experiment
This study focuses on experimentally controlling the interaction between external modal form
(perceptual form) and internal modal form (which may be related to information type).  In the
current investigation, the external form of verbal-descriptive information was manipulated (vis-
ual text versus auditory narration).  The accompanying diagrammatic information was held con-
stant, and the information contained in the diagrammatic material was deemphasized in the recall
test of learning performance.  The different physical-modal representations of the descriptive in-
formation (predicted to be internally represented and stored in an auditory-verbal subsystem) will
lead to variations in the efficiency of processing, and hence learning.  These differences in
learning can not be explained simply as multimedia presentation effects, as has been common in
the past.

4.1 Participants and Materials

The participants were 108 undergraduate students at Georgia Institute of Technology who vol-
unteered to participate for course credit.

The short lessons used to create experimental multimedia lessons were adapted from David
McCaulay’s (2003) “The New The Way Things Work.”  The topics included as lessons in this
experiment were Window Shade, Stapler, Air Filter, Refrigerator, Hot Air Balloon, Metal De-
tector and an Electric Bell.  Learning was measured with a paper and pencil test.  Participants
were given a packet that contained 10 recall questions for each lesson.  After each lesson, par-
ticipants were asked to answer the selected content questions based on the lesson material.
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4.2 Design

The experiment had two manipulations:  presentation form of the descriptive information, and
presentation of the descriptive information with or without diagrammatic information.  See Table
1 for a description of each trial type.

Table 1: Types of trials

4.3 Procedure

Each participant received seven lessons, one training lesson and six experimental lessons.  Each
of the six experimental lessons had a visual diagram accompanied by either text (visual input,
hence unimodal) or narration (audio input, hence multimodal).  For each combination (i.e., dia-
gram and text vs. diagram and narration), participants received three variations on the presenta-
tion order (form of lesson), creating six types of trials.

Each participant received the same order of lesson content (Microscope, Stapler, Air Cleaner,
Hot Air Balloon, Electric Bell, Window Shade, and Metal Detector) with the order of the form of
lesson varied by Latin Square to eliminate order effects.  Each lesson lasted three minutes during
which participants could attend any available information they chose.  For asynchronous trials,
participants are able to view or hear the first set of information for 90 seconds, and the second
type of information for 90 seconds immediately following.  For synchronous trials, all the infor-
mation was available for three minutes.  Learning was assessed after each lesson with a test of
recall.  The paper-and-pencil test included 10 fill-in-the-blank questions about information given
during the experimental trial.

5 Data analysis
Due to the difference in performance based on the topic of individual lessons, recall rates were
converted to individual z-scores.  Z-scores were computed on a groupwise (for each lesson) basis
and reflect the distance from the mean for each testing event based on how other participants per-
formed on that lesson, including all presentation forms.  A 2x2 ANOVA (form of descriptive
material x order of presentation) was performed for the asynchronous presentations.  A single
factor (form of descriptive material) ANOVA was performed for the simultaneous presentations.

6 Results and Discussion
When descriptive information was presented synchronously with diagrammatic information, no
effects were found for form of presentation, F(1, 214) = .08, MSE=.96.  The means were .08 for
auditory presentation, .04 for visual presentation.  This is inconsistent with past multimedia ef-
fect findings.  For asynchronous presentations, learning was better for the text presentation (M =
.03 vs. -.24) F(1, 430)=8.91, p<.05, MSE=.87.  This demonstrates that learning effects are not
solely determined by physical mode of presentation, but raises an interesting question about why

Diagram before descrip-
tive (Asynchronous)

Diagram with descriptive
(Synchronous)

Diagram after descrip-
tive (Asynchronous)

Only visual presentation
(unimodal)

Diagram then text (D+T) Text and diagram simulta-
neously (T&D)

Diagram then narration
(D+N)

Visual and auditory
presentation
(multimodal)

Text then diagram (T+D) Narration and diagram
simultaneously (N&D)

Narration then diagram
(N+D)

        AIED 2005 - Young Researcher Track Proceedings

Page 183



multimedia learning was not better than unimodal learning in this study.  We believe the reason
lies in effects that take place during cognitive operations involved in learning.

7 Conclusions
In this experiment, multimedia learning effects were not found.  The next steps for this research
are to determine the reasons for this surprising finding and to expand the investigation to dia-
grammatic materials, including animations.  Including what research currently posits about
physical modality, and adding to it new discoveries about internal modality, we hope to achieve
the basis for developing a taxonomy of multimedia effects.  The vision of this taxonomy is to
understand human information processing based on the effects of modality for both internal and
external representations of information, and consequently to make suggestions to designers of
multimedia information.
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