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Résumé

Cette recherche adresse deux problémes auxquels les professeurs d'université font face
lorsqu'ils sont amenés a créer du matériel pédagogique pour leurs cours de « prise de
décision », et propose un assistant Web du nom de ARIALE (pour Authoring Resources for
Implementing Adaptive Learning Environments) afin d’aider les enseignants durant ce
processus de création.

Les deux problémes mis en avant dans cette recherche sont :

1. Les enseignants ne disposent pas d’assez de temps pour créer du matériel
pédagogique. En particulier, des chercheurs ont pu observé que les enseignants
doivent en général fournir beaucoup de temps et d’efforts afin de préparer le

matériel d’enseignement utilisé pour appuyer leurs cours.

2. Les enseignants n’ont souvent pas le temps nécessaire pour apprendre a utiliser les
outils de développement qui pourraient leur permettre de gagner du temps lors de la

création de matériel pédagogique.

La question fondamentale a laquelle cette recherche tente de répondre est comment peut-
on rendre la phase de création de matériel pédagogique plus facile pour les enseignants
lorsque le domaine d’enseignement considéré est celui de la prise de décision pour la

conception des réseaux des ordinateurs?

La solution que nous avons développée pour répondre a ce probléme se nomme ARIALE.
Il s’agit d’un assistant Web qui se compose d’un site Intemet proposant un outil de
développement pouvant étre utilisé pour créer des sessions d’apprentissage et d’un systeme
d’aide intelligent facilitant I’utilisation de cet outil de développement. Ce demier dispose
de deux fonctionnalités principales: d’une part générer, tester et recommander des
exemples et des sessions d’apprentissage aux enseignants et d’autre part offrir une aide

adaptative et sensible au contexte afin de maitniser 1’utilisation de I’outil.
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La plus importante contribution de notre recherche a été la conception et la mise au point
d’une aide en ligne intelligente pour les outils de développement des Hypermédias
Adaptives Educatives (HAE). Le fruit de notre recherche est une outil qui aide les
professeurs a développer et a éditer leur matériel pédagogique. Plus spécifiquement, notre
outil introduit un modéle probabiliste pouvant étre utilisé pour la génération automatique
de topologies de réseaux des ordinateurs et pour la recommandation de topologies
sélectionnées a partir d’une base de cas. Cette génération automatique et cette
recommandation ont pour but d’alléger I’effort fourni par le professeur lors de la création
de matériaux pédagogiques. Une autre innovation est 1’utilisation d’une aide en ligne
adaptative qui est sensible au contexte et qui a pour but de réduire la charge cognitive
comparativement a des techniques d’aide plus traditionnelles. Dans cette thése, nous avons
aussi développé une méthode permettant de construire des systémes d’aide pour des outils
de développement. La recommandation et I’adaptation de I’aide se font sur la base de
données stockées dans le profil de I’enseignant, permettant ainsi a notre systéme de prendre
ses décisions. Au fur et & mesure que les enseignants enrichissent le systéme en créant des
sessions d’apprentissage, en ajoutant des exemples de topologies, en recevant des
recommandations et en accédant & I’aide en ligne, ARIALE apprend & partir de ces
nouvelles données et améliore au fur et 4 mesure des enseignants la qualité de I'aide qu’il
peut fournir. Notre recherche a aussi eu pour but de faciliter I’accés aux enseignants aux

nouvelles technologies de I’information et la communication appliquées a I’éducation.

Mots clés : génération automatique de cas, systtme de recommandation, apprentissage
machine, raisonnement a2 base de cas, aide intelligente, aide adaptative, aide en ligne,

hypermédias adaptatifs, interaction Personne-Machine.



Abstract

This research focuses on the application of principles and techniques of artificial
intelligence for the generation, testing and recommendation of teaching materials, and for
providing Web-based context-sensitive help to teachers engaged in authoring Educational
Adaptive Hypermedia (EAH). We study how to apply Machine Leaming (ML) techniques
to support teachers in authoring learning sessions. This investigation also studies the use of
data related to teachers to support the recommendation of teaching materals and the
adaptation of Web-based help.
Our research also pays attention to the teacher’s problems in authoring learning sessions for
teaching decision-making in network design. Specifically, this research addresses two
problems that university teachers face when they are authoring teaching matenals for their
courses: lack of time to create teaching materials and lack of time to learn how to use the
authoring tools that reduce the time required for creating materials. Regarding these
problems, this investigation answers the following questions:
1. What can be the general structure and functionality of an assistant to support teachers
authoring learning session in decision-making?
2. Which specific functionalities and characteristics of an authoring tool can allow
implementer teachers to adapt teaching material according to their pedagogical goals?
3. How can the assistant generate and recommend examples to support teaching decision-
making?
4. How does the assistant make decisions about which kind of help content to show, and
which media to use for displaying the content?
5. How does the assistant learn to help teachers in a personalized or customized way?
These questions are intended to address and solve the problem of time needed to create
adapted case studies for teaching decision-making in network design. Another goal is to
reduce the time required to learn the use of an authoring tool to create teaching materials.
Consequently, our main idea is to help teachers use a tool rather than teach how to use it.
The solution that we created is a Web-based assistant, ARTALE (Authoring Resources for
Implementing Adaptive Learning Environments), that supports teachers during the

authoring process. ARIALE, is made up of an authoring tool for the creation of learning
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sessions to teach network design, and an intelligent help system to support the use of the
authoring tool. This intelligent help system has two main functions:

e Generating, testing and recommending examples and leamning session to teachers.

o Offering adaptive context-sensitive help about how to use the authoring tool.
We consider that the recommendation of learning sessions and examples, the automatic
generation of examples, and the learning of the teacher’s decisions related to teaching style
and help, are the most important aspects that make our research different, innovative and
advantageous in comparison with other studies developed previously. In addition, ARTIALE
provides context adaptive Web-based help according to the teacher’s expernence.
Our system uses a probabilistic recommender supported by techniques of artificial
intelligence, such as classification learning (Bayesian classifier) and Case-Based Reasoning
(CBR), to reduce the complexity of finding an appropriate learning session or example for a
particular teacher. The recommendation in ARIALE is also based on the automatic
generation of examples according to the teacher’s preferences, on the addition and reuse of
existing examples in a case base, and on the learning of the teacher’s decisions related to
which examples to use.
ARIALE keeps, classifies and uses data related to each teacher’s attributes, leaming and
experience using examples. Decisions about how to provide recommendations and adapt
help are based on teacher’s data stored in a Teacher Model, and ARIALE learns from these
decisions to improve future support to teachers. Data related to used examples models each
teacher’s teaching style. Each style evolves according examples changes. This view of the
Teacher Model is new and helpful, because each teacher must follow a static Pedagogical
Model in a classical EAH; instead, our Teacher Model is a knowledge base that allows our
system to make more flexible and vary the Pedagogical Model.
Our idea of providing more personalized pfoblem—solving support is a new one and is a step
forward to support more intelligent collaboration between teachers, beyond the simple

sharing of examples between them.

Keywords : Automatic case generation, Recommender System, Machine Learning, Case
Base Reasoning, Intelligent Help, Adaptive Help, Web-based Help, Adaptive Hypermedia,

Human-Computer Interaction
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Chapter 1. Introduction

1.1. Research Topic and Scope

This research looks at problems related to the application of Artificial Intelligence (AI) in
Human-Computer Interaction (HCI) for Educational Adaptive Hypermedia (EAH). We
study how to apply Machine Learning (ML) techniques to support teachers in authoring
leamning sessions. A leaming session is a sequence of tasks that the students will perform to
acquire expertise in a field.

In this investigation, principles and techniques of artificial intelligence are applied to the
generation, testing and recommendation of teaching materials, as a way to providing Web-
based context-sensitive help. We also study the use of data related to teachers to support the

recommendation of teaching materials and the adaptation of Web-based help.

1.1.1 Subject of application

The subject of application of our study is teaching decision-making skills in network
design.

According to Turban and Aronson (1998), decision-making is a process in which the
decision-maker defines the problem to be solved by means of a decision (intelligence
phase); he also defines the options to chose and the criteria to evaluate these options
(design phase). As well, he evaluates the options and selects one or more that solve the
initial problem (choice phase). In this research we focus on a particular type of decision-
making that is Multi-Criteria Decision-Making (MCDM). “MCDM can be defined as the
study of methods and procedures by which concems about multiple conflicting criteria can
be formally incorporated into the management planning process” (MCDM, 2003).
According to Addie (2003), “Network Design is the discipline of choosing the components
out of which a network should be built, both the types of components and how many of
each is needed, and how they should be put together”. For practical purposes, in our
research Network Design is defined as choosing one or more concentrators, defining links

between the nodes of the network, and selecting the type of links for each link. According
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to this vision, Network Design is seen as a decision-making process for which the student

has to develop the expertise required to master.

1.1.2 Teacher’s interest

Our research focuses on the teacher’s interests in authoring learning sessions that integrate
the theory and practice involved in the decision-making process in higher education. We do
not study aspects related to students and their interaction with EAH. More specifically, we
see the subject of teaching network design as a decision-making process that takes into
account multiple criteria such as network reliability, cost, and capacity to define an

appropriate topology for a given network.

1.2. The Problem

This research addresses two problems that university teachers face when they are authoring
teaching materials for their courses:

1. Teachers do not have enough time to create teaching materials.

2. Teachers do not have enough time to learn how to use the tools that could reduce the

time required for the creation of materials.

1.2.1. Time

Usually, teachers do not have enough time to create materials for their courses. Particularly,
researchers are concerned because teachers must spend a lot of time and effort preparing
Computer-Based Teaching (CBT) or using Web-based technology (WBT) to enrich and
support their courses (Nkambou and Laporte, 2001; Johnson, 2001).

Intelligent Tutoring Systems (ITS) and Educational Adaptive Hypermedia (EAH) are
options to support teaching, but their creation is time consuming. An ITS is a system that
uses artificial intelligence to provide customized learning and supports students in their
learning (Shiri-Ahmadabadi, 1999). EAH systems are based on the hypertext structure, and
they use information of each student to adapt learning to his needs (Brusilovsky, 2001).
Authoring an ITS or an EAH still involves manipulating potentially large amounts of data
interconnected in highly complex ways (Williams, 2001). Developing an ITS is a time-
intensive task. For example, preparing a two hour class requires three or four working days

for a non-programmer novice teacher, or ten hours for an advanced teacher (Murray, 1999).



1.2.2. Complexity of systems

In general, teachers do not have enough time to leamn how to use authoring tools for the
creation of their courses. “Authoring tools are tools that an author, in a wide meaning,
would use for the production of texts, presentations, lectures, and intelligent tutoring
systems” (Johansson, 2001). They can not deal with difficult interfaces or spend a lot of
time in training. In addition, many of the current applications of the new information and
communication technology (NICT) in education, such as multimedia and the Internet, are
difficult for students and teachers to use (Edwards and Clear, 2001), and require training for
effective use (Gay, 1999). While some tools, applications and information systems are
easier for programmers or advanced users, most tools are difficult for most people. More
capable software is not necessarily easier to use (Lieberman and Selker, 2000). For
example, most authoring tools, which are required to create an ITS, remain difficult to learn
and use (Frasson, 1998). Although educational Web sites are spread widely and there are
many environments in which to create Web-based courseware, some of these authoring
tools, for example, Tangow (Carro, 2001) and WebCT (WebCT, 2002), lack easy-to-use
help facilities.

Studies about university teachers report that the amount of time required in leamning to use
new technologies is the second problem they face after general equipment failures (Butler
and Sellbom, 2002). Some authoring tools include different types of help such as wizards,
tutorials, and context-sensitive online help, but teachers ask for more personalized support
on technical and pedagogical aspects (Weiss-Lambrou and Raymond, 2002). A survey
showed that 57% of teachers, who do not use this type of new technology, claim technical
support is not adapted to the reality of university teaching (Karsenti, 2004).

Personalized help

However, teachers may face problems personalizing help according to their needs. For
example, if a teacher had to adapt the help that she requires manually, she would have to
perform many tasks. Figure 1.1. shows an example of a menu she might face to adapt help
to use an authoring tool. This menu includes seven different options related to the context,

the complexity, language, media, bandwidth, help technique and display mechanism.
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Figure 1.1. Possible menu to set up the help for a teacher.

This menu with multiple options could become more complex if we added the option to
navigate between the current and previous help messages displayed. For example, we could
add buttons or links to go backward or forward to check these messages. A teacher might
also want to check help from the general public level, and this other type of navigation
between the help levels increases the complexity of the decisions. Of course, an option to
turn off the help can further increase the number of options.

Finding specific help to perform a task is another problem that teachers may face while
authoring a learning session. For example, a teacher can be looking for help related to the
task she is performing currently, but the appropriate help can be embedded in a huge

document and, then, getting the correct help becomes a time consuming task.

Manipulation more than learning

Research into human-computer interaction finds that general users do not really read the
help provided; as they are too eager to start the real work. They only want to know how to
do a task even tough they do not know how to access the tools or when to use them, and
they are not aware of how to combine, adapt, and modify available tools and functions
according to their specific needs (Capobianco, 2002; Wang, 2001; Encamnagao, 1997). In
addition, just because users can access equipment, telecommunications, and software, it
does not mean they know how to use software. If they do not know how to use software,
they will be excluded (technological exclusion) from this infrastructure (Syme et al., 2003;
Selbach et al., 2003). This situation provokes a kind of digital divide.



Learning to use the authoring tool

In many cases, the teacher's goal is not the same as the explicit task that the authoring
tool was designed for. A descriptive example of this type of problem is analysed by
(Guzdial, 1999). It is clear that the teacher’s main goal is to create materials for
teaching; rather than learn how to use the authoring tool. A teacher is an expert whose
goal is not learning to use a tool, but rather to achieve an objective with the help of the
tool.

As Draper points out, a teacher “has to accomplish some goals, and learning is only a
side-effect” (Draper, 1999). Many teachers are attempting this kind of training while
they are impatient and under pressure because they have goals different to learning to
use software.

Gap between designers and implementer teachers

Another problem is the existing gap between designers of CBT, WBT, EAH or ITS and
the teachers who use these tools for teaching courses. While designers create computer-
based educational environments, it is the teacher who adapts these environments for
teaching courses according to their particular interests. Kinshuk establishes that there is
a difference between an implementer teacher and a designer (Kinshuk, 2003). Usually, a
teacher who wants to adapt a system to his needs (implementer teacher) can not change
any parameter of the system.

Scenario of authoring a learning session

The scenario of a teacher authoring a learning session could be very complex because he
must pay attention to teaching, which is the main task, but, at the same time, he must
know how to manipulate the authoring tool, and if she needs help, she would also have
to interact with the help. Her mind would be involved in three cognitive processes:
teaching, manipulating the authoring tool, and dealing with the help features.

But the picture is far worse. A help system with an index for searching help according to
a particular vocabulary or a list of help options can add more headaches to a teacher,
because he must know the keywords to find the required help. Thus, implementer
teachers authoring learning sessions may well experience a cognitive overload when
learning how to use an authoring tool. In the context of learning, cognitive overload is a
situation in which the processing demands required by “the learning task may exceed
the processing capacity of the cognitive system” of a teacher (Mayer and Moreno,
2003).



1.3. General Purpose and Objectives

1.3.1. General Objective

The purpose of this research is to identify how a Web-based authoring tool for the creation
of learning sessions in an Educational Adaptive Hypermedia (EAH) can better interact with
teachers who do not have skills in the New Information and Communication Technology
(NICT).

The main question to answer is how to apply appropriate techniques of artificial
intelligence for the generation, testing and recommendation of teaching materials, as a way
to providing Web-based context-sensitive help to teachers engaged in authoring EAH. We
also study the use of data related to teachers to support the recommendation of teaching
materials and the adaptation of Web-based help. These previous aspects are intended to
address and solve the problem of time needed to create adapted case studies.

In addition, we are interested in an environment in which a teacher can propose to her
students to integrate theory and practice in the analysis of different points of view about a
decision. Our idea is to translate a particular approach for teaching multi-criteria decision-
making into an authoring tool in which different types of support are applied.

The approach behind this authoring tool comes from the Web site BestNet (Vazquez-Abad
et al., 2001), which was conceived to improve students’ skills on network design, and from
the Fritze’s pedagogical approach (Fritze, 2003) that bridge theory and practice. The
BestNet model breaks down the study of decision-making processes into a series of
activities that incorporate game elements to help the student integrate theory and practice in
a “learning by doing” process of challenges and competition. We assume that our solutions
are oriented to graduate students, who start in a phase of competence because they already

know basic aspects and merely require an enhancement of their knowledge.

1.3.2. Goals

This research answers the following questions:
e What can be the general structure and functionality of an assistant to support

teachers authoring leaming session in decision-making?
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e Which specific functionalities and characteristics of an authoring tool can
allow implementer teachers to adapt teaching material according to their
pedagogical goals?

e How can the assistant generate and recommend examples to support teaching
decision-making?

e How does the assistant make decisions about which kind of help content to
show, and which media to use for displaying the content?

e How does the assistant learn to help teachers in a personalized or customized
way?

1.4. Solutions

The most important decision we made to guide our research was to focus on the
teachers' problems to provide solutions to these problems. In addition, we determined
that a teacher using an authoring tool to create her course materials may or may not
learn how to use the tool. Consequently, our main idea was to help teacher use a tool
rather than teach how to use it, and the solution that we created is a Web-based
assistant, ARIALE (Authoring Resources for Implementing Adaptive Learning
Environments), that is made up of:
A Web site with:
- An authoring tool for the creation of learning sessions to teach network
design and an intelligent help system.
The intelligent help system has two main functions:
- Generating, testing and recommending examples and learning session to
teachers.
- Offering adaptive context-sensitive and Web-based help about how to use
the authoring tool.

An example of application

In this research, we use an example of teaching the decision-making process of
designing a network to implement and test our ideas. According to our approach
(Vazquez-Abad et al., 2001), a teacher uses four main concepts (activities) to teach
the Network Design process. The example that we use along this research includes
the following activities:

Reliability. In this activity, the goal is to teach the concepts of reliability and
availability, as well as the manner in which the choices of links affect overall

performance.



8
Concentrator Location. This activity consists of defining the optimal number and location

of the "concentrators" (central processors storing a database). The goal is to teach how to
place the concentrators at minimum cost to fulfill the minimum safety requirements for
information backup.

Capacity Allocation. This activity is intended to teach how to find the optimal choice of
capacity for each of the links of the given topology. The learning goal is to allocate
capacity per link and define the optimal routing that minimises cost while satisfying the
bandwidth requirements.

Design of a local area network. In this activity, the teacher creates an example of a network
and each student must propose the optimal design of a network that incorporates all the
choices described above.

The first three activities correspond to three sub-problems in network design, all of which
can be unequivocally stated as mathematical optimisation problems. The fourth activity 1s
targeted at the integration of the methods and the use of heuristics for network design. The
interactivity of the site is done entirely through the concept of guided fasks. The first three
activities also integrate knowledge from different sources, and the last activity allows the

integration of the three previous ones, as described in section 4.1.1.

1.5. Contributions

We consider that the recommendation of leaming sessions and examples, the automatic
generation of examples, and the learning of the teacher’s decisions related to teaching style
and help, are the most important aspects that make our research different and innovative in
comparison with other previous studies. The integration of these aspects into an assistant
that uses methods and techniques of artificial intelligence to solve problems related to the
support of teaching is an important step in the progress of educational adaptive hypermedia.
The assistant is a more complex and difficult solution to support teachers to author their
materials. This view is innovative and better because it not only lets teachers share
examples of teaching materials but also search, generate, and recommend examples
according to the teacher’s characteristics. Particularly, our solutions use artificial
intelligence techniques as Bayesian classification and Case Base Reasoning (CBR) to learn

about teachers preferences. Using classification learning and CBR is an important
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improvement over previous EAH that did not include teachers’ differences and the

evolution of their teaching styles. Chapter five focuses on automatic generation and
recommendation of examples, which is the main contribution of this research.

The context-sensitive help provided is adapted to the teacher’s leaming and accumulated
experience. The teacher’s attributes, learning and experience conform a Teacher Model that
models his teaching styles. This view of the Teacher Model is new and helpful, because
classical approaches in EAH suggests that each teacher must follow a static Pedagogical
Model; instead, our Teacher Model is a knowledge base that allows our system to
flexibilize and variate the Pedagogical Model. This knowledge increases because Bayesian
classification and Case-Based Reasoning (CBR) change information in the Teacher Model
as each teacher uses new examples or teaching materials. Teacher’s decisions about
teaching improve our system performance to recommend and to help.

Regarding support for authoring tools of EAH in decision-making and network design, we
did not find authoring tools that integrate intelligent Web-based and context-sensitive help
for implementer teachers. This subject has not been studied frequently, and only a few
researchers are working in topics indirectly related to Web-based intelligent help and
supporting teachers. In the past years, research on EAH and ITS focused on the Students
Model and static Pedagogical Models but pioneer efforts related to the Teacher Model are
arising (Kinshuk, 2003; Virvou and Mondriduo, 2002).

Using the classical ITS structure, which is composed of a Domain Model, an Expert Model,
a Communication Model, a Pedagogical Model, and, a User Model, we have improved
some aspects of the last three models to get a better application for Web-based adaptive and
intelligent help. The next section offers a summary of the main contributions of this

research for those models.

Communication Model

Recommending leaming sessions and examples, as part of the problem-solving support
delivered by our system ARIALE, is the most important contribution of this research
related to the Communication Model.

We are using a recommender that reduces the complexity of finding an appropriate learning
session or example for a particular teacher. Our system uses a probabilistic recommender

supported by a Bayesian classifier. The recommendation in ARJALE is based on the



10
automatic generation of examples, on the reuse of existing examples in a case base, and

on the learning of the teacher’s decisions related to which examples to use. ARIALE keeps,
classifies and use data related to the examples used by each teacher. The teacher’s data is
stored in the Teacher Model, discussed later. The use of this type of classification is an
advantage for the generalization of our approach and the leaming in ARIALE. Bayesian
classifiers are not commonly used as part of the generation and testing of questions,
examples, and other components of Intelligent Tutoring Systems and Educational Adaptive
Hypermedia. These aspects make our research different because nobody used classification
learning to reduce the time and the complexity of finding and delivering personalized
support to teachers. Simple sharing of examples is an old type of collaboration between
teachers, but providing more personalized examples (problem-solving support) makes
collaboration between teachers more intelligent than simple sharing of teaching materials.
Furthermore, to generate examples and test them according to teacher's preferences by
means of classification learning (Bayesian classification) is a innovative manner to support
teachers. The system ARIALE can generate new examples according to the teacher’s
preferences and add each new example to the case-base. This automatic generation of
complex examples, such as network topologies, is not commonly used by ITS and EAH.
This generation is also based on a probabilistic method that provides a great variety of
examples.

Another change in our Communication Model is providing context adaptive help according
to the teacher’s progress and experience using the help included in our system. This help 1s
not only adapted to the context content but also to the teacher’s progress authoring learning
sessions. ARIALE also stores data related to the help that each teacher receives and this
data is the basis to personalize Web-based help according to each teacher’s degree of
progress accessing the help. The objective of this personalization is to decrease the teacher
s’ cognitive overload accessing, finding and adapting help according to his needs.

An additional contribution is the creation of a tool for teaching decision-making in Network
Design. In this research, teaching decision-making is seeing as a progressive process that
allows students to assimilate a set of basic decision-making patterns to master more
complex skills in decision-making. This process was translated into a Web-based flexible

on-line authoring tool that allows teachers to customize the specific tasks by creating,
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sharing, generating, and editing leamning sessions. The authoring tool divides the

curriculum of any course into the main concepts that the students will learn in terms of
actions and performances. Each concept maps to an activity and each activity will allow
three specific tasks to be done. These three tasks implement the pedagogical strategies used
for teaching in our Pedagogical Model (detailed later): analysis by comparison, sensitivity
analysis and optimization. The different tasks are accomplished by following a sequence of
steps and actions (Rodriguez et al., 2003).

This type of support and the recommendation of examples are parts of an intelligent help
system that helps the implementer teacher while he is authoring leaming sessions. More
specifically, when teachers are using the authoring tool to create an interactive learning
process in decision-making, an adaptive hypermedia intelligent help system can help them.
The system interacts with the implementer teacher to help and exchange information.
Information about the interaction between the teacher and the system allows ARIALE to
learn how a teacher uses examples to teach and how he uses help, thus enabling the system
to customize the support to be provided. In the case of Web-based help, context-sensitive
help adapted to the teacher’s characteristics is a useful principle for designing the support
required by teachers.

In addition, we found that there are not enough studies on traditional help for desk
applications and about the help required for Web-based authoring tools. In this research, we
present an initial and partial analysis of traditional help and Web-based help as an attempt

to address the problems related to the latter.

Pedagogical Model

A Pedagogical Model models the teaching process, for example, what aspects should be
presented to the leamer, when to review, when to present a new topic, and which topic to
present. A classic approach in ITS and EAH consists in using a unique Pedagogical Model
oriented to students that each teacher must follow. Our main contribution in this area is a
more flexible Pedagogical Model oriented to students and teachers. This Pedagogical
Model is hybrid because it includes how to support each teacher authoring learning sessions
(Rodriguez et al., 2003; Rodriguez et al., 2004a; Rodriguez et al., 2004b), and this model

also contains how to teach a particular subject. Our solution also provides an authoring tool
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and resources (Véazquez-Abad e al., 2003) to create learning sessions. Chapter four explains our
Pedagogical Model with more detail.

The most important difference is that this Pedagogical Model allows the system to support
teachers, according to each teacher’s experience authoring learning sessions and using support.
Information related to each teacher’s experience and received help is stored in the Teacher
Model, which is discussed later.

Our Pedagogical Model applies an on-the-job-training approach to support teachers while they
are using the authoring tool for the creation of leaming sessions. The on-the-job-training
approach is intended to supply support while the teacher is authoring instead of offering training
before authoring. Thus, we have considered “on-the-job training” to support the development of
on-line help, especially that of Web-based adaptive and intelligent help systems to support
authoring tools. We consider that “on-the-job training” is more appropriate for Web-based help
than classical methods used in ITS, which include previous training, pre-test, post-test, and other
techniques used to teach and evaluate the leamning of a tool (Aimeur and Bassil, 1999). The
reason is that teachers are not intended to master specific software or authoring tools to achieve
their pedagogical objectives. Then, previous training and tests should be reduced to a minimum.
Seeing the teacher as an author who needs on-the-job training to use an authoring tool is a new
view of the teacher’s role.

Another aspect is that our system ARIALE is not designed for teaching decision-making with
emphasis in numerical methods that could be very specific for particular subjects. This could
leave out some teachers whose teaching styles are based on the use of numerical methods, but
our approach is to support teaching based on qualitative approaches, expert knowledge, and
heuristics. This Pedagogical Model is also limited to this research because pedagogy is neither
the focus of our project nor the central issue of this thesis. There are many pedagogical models
in the literature, but in our approach we only focused on one of them in order to implement and
test our system.

Adapting the Pedagogical Model according to each teacher’s teaching style involves processing

data stored in the Teacher Model, as explained in the next section.

Teacher Model

Usually, an EAH has many teachers who implement specific learning sessions following the
designer’s Pedagogical Model. The focus of this research is the teacher who implements a
course and our main contribution related to the Teacher Model is the use of an evolving
teaching style that allows the system to adapt instruction for students according to each teacher’s

pedagogical goals. A teacher can follow the Pedagogical Model but adapting it by
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using particular examples and goals. The examples and pedagogical goals that a teacher
uses to teach a subject are his teaching style. This teaching style is not static because it
evolves as the teacher’s examples changes. The system stores data related to these changes
and doing this the systems learns and improves its ability to deliver future support. Chapter
four details the Teacher Model.

Our Teacher Model allows the system to adjust to teachers’ pedagogical objectives in a
specific domain: decision-making. Using the authoring tool, a teacher can adapt contents
according to his requirements, limitations, and pedagogical goals, and such changes are
included in his Teacher Model. The system keeps data about the teacher’s experience,
stores statistics about his performance in authoring leamning activities and about his
experience with help. Consequently, our research includes a Teacher Model that keeps data
about the teaching and learning styles of the teacher. For example, by means of the Teacher
Model, we can classify teachers in three basic categories according to their ability and
experience in teaching and using the system: beginner, intermediate, and advanced users.

In this research, the teacher is an implementer teacher (Kinshuk, 2003), who is an expert in
teaching decision-making skills. He has to solve a problem: create materials for his courses.
To create these materials, he has a plan and a specific task to perform in a short term. In
addition, he has experience in teaching and using authoring tools, but his goal is not to
become an expert about a specific authoring tool.

Research on intelligent tutoring systems attempts to create a perfect teacher rather than a
teacher’s tool (Kinshuk ez al., 2001). But, since an EAH cannot replace all the functions of
a human teacher, we focus on an adaptive help as a tool for enhancing the role of the
human teacher in the authoring process of an EAH. In our system, a teacher is an
implementer of a course who needs to be helped not only in the different pedagogical
strategies involved in teaching decision-making skills, but also in the usage of an authoring
tool for creating EAH.

An interesting method to help teachers is the “user as a student” strategy (Brusilovsky and
Schwartz, 1997), which allows us to see teachers as students who must be evaluated about
their progress using a tool. However, teachers” main goal is to create materials for teaching.
This is their most important objective, rather than learning to use the authoring tool to be

evaluated (Guzdial, 1999). Consequently, we have adapted the view of the teacher as



14
learner of new technologies to that of a trainee who requires adaptive help and

support to solve problems such as creating case studies. In this scenario, the teacher’s
learning becomes a by-product of the support that he receives. This is a fundamental
characteristic in our research because we do not see the teacher as a typical student.
Rather, we see the teacher as a worker who can learn while he is on the job, applying the
on-the-job-training methods, as explained in the previous section devoted to the
Pedagogical Model.

1.6. Organization of the Dissertation

This Introduction describes the scope of the research, the problems studied, the
theoretical questions that we formulated, our approach, solutions and the contributions
of our investigation. The second chapter includes the state of the art about pedagogical
aspects, teacher modeling, and the role of artificial intelligence in human-computer
interaction. Chapter three describes related studies that are close to our research, and
compares it to relevant theories, concepts and antecedents that we have applied in this
research. In chapter four, we describe the theoretical basis of our research: the
Pedagogical Model and the Teacher Model. We model the characteristics of a human
teacher with emphasis on his teaching style and analyse the application of the Teacher
Model in our system ARIALE (Authoring Resources for Implementing Adaptive
Learning Environments). Chapter five describes an innovative probabilistic method for
the automatic generation of examples and for the recommendation of examples and
sessions. This chapter also discusses other characteristics of the help provided. We pay
attention to aspects intended to reduce cognitive overload problems, such as the excess
of help not related to the task on hands, which are often caused by traditional help
techniques. We describe the methods that our system ARIALE uses to adapt help to the
teacher’s attributes and plan. Chapter six describes the implementation of the system, its
architecture, general layout, general functionality, and main processes. This chapter also
details the method used for building the intelligent help system and shows a general
scenario of interaction between a teacher and our system. Finally, chapter seven
discusses the results of the evaluation of ARIALE, and includes the conclusion of this

research and future ways to continue investigation into this subject.



15

Chapter 2. Background literature and previous work

Summary: This chapter summarizes theories and concepts that are fundamental in this
research. Section 2.1. includes information about pedagogical aspects and teacher
modeling. We explain the approach that we apply to guide teaching and structure our
authoring tool, taking into account the students as the intended public. In addition, we detail
concepts that we use to support teachers while they are authoring teaching materials.
Complementary, some concepts used to model the human teacher are also explained. In
section 2.2., we aescribe some aspects of artificial intelligence related to human-computer
interaction, which are applied in our system ARIALE (Authoring Resources for
Implementing Adaptive Leaming Environments). Section 2.3. compares and discusses

relevant theories and concepts that we applied in this research.

2.1. Pedagogical aspects

In this section we describe concepts related to pedagogical aspects and teacher modeling.
Those concepts are the basis for the organization of our authoring tool and the support to be
provided to teachers. Many concepts are related to teaching a subject, helping a teacher and

modeling the characteristics of a human teacher.

2.1.1. Teaching approach

In this section we explain the pedagogical approach for teaching decision-making that is on
the basis of our work. This part is related to important concepts about how to teach the
subject to graduate students and how to support teachers while they are creating teaching
matenals.

Our research is inspired by the BestNet project, a Web site that attemptes to complement
traditional teaching with a series of web-based activities. These activities provide virtual
practice and the integration of concepts for a course on Network Design (Vazquez-Abad et
al., 2001).

The objective of BestNet is to integrate traditional teaching, computer-assisted
methodologies, online resources and qualitative approaches based on expert knowledge and
intuition, to help students visualise effectively how all the design choices integrate. This

approach is also intended to allow the teachers to integrate theory and practice by “applying
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understanding to real-world problems, ‘authentic’ and ill-defined tasks” by means of

simulated environments, role games or problem-based leaming (Fritze, 2003).

As Vazquez-Abad et al. (2001) expressed it: “BestNet follows an original concept: it is
designed as a series of virtual competitions and as a complement to traditional course
material”. The BestNet model requires the students to assume the roles of "players"”
engaged in a competition to optimize the design of a bank network. Two other strategies
that complement competition are analysis by comparison and analysis of sensitivity of
cases. As part of a sequence of three tasks, comparison and modification of cases are the
two initial tasks that converge into the third task: optimization. These strategies are repeated
in different units throughout a course to provide a virtual environment where students can

gradually improve their expertise in making decisions about how to design a network.

2.1.2. Decision-making

In this research we focus on a particular type of decision-making that is Multi-Criteria
Decision-Making (MCDM), which concerns multiple conflicting criteria that are the basis
for a decision. A criterion is the set of elements (objective, goal and attribute) that the
decision-maker takes into account to evaluate each option. For example, an attribute can be
the cost of a network, an objective can be to reduce the cost of the network, and a goal is to
reduce specifically 15% of the cost. The most important aspect is that two or more
attributes can be conflicting; for example, an objective can be to reduce the network cost
without decreasing the network reliability’, but the reduction of the cost can also
impoverish the network reliability, as a result, the solution requires finding a network
design with a tradeoff between the conflicting attributes.

However, “any complex decisional problem requires explicitly considering several points
of view. The classical approaches (utility theory, game theory, benefit-cost analysis,
mathematical programming, etc.) consider only one objective function to be maximized or
minimized; hence, they do not ensure a faithful modelisation of real world decision
problems” (Gerad, 2003).

! In this research we define reliability as the probability that all nodes of the network are connected
by operational links.



17
2.1.3. Expertise Development

The BestNet approach to develop the student’s expertise in decision-making is also
supported by Cognitive Load Theory (CLT) (Sweller, 1988), which is proposed as a
promising tool for developing expertise (Rickers et al., 2004). In order for students to
develop expertise in decision-making, CLT proposes providing problems, with an
appropriate difficulty level, in a repetitive process that includes feedback, the opportunity to
correct errors and, gradually, problems with an increasing level of difficulty.

The starting point in CLT is cognitive overload, a situation that a user may experience
when the processing demands required by a task exceed his processing capacity (Mayer and
Moreno, 2003). For example, while a worker is trying to calculate the average price of
some products, at the same time he has to learn how to use a spreadsheet application
(software) to calculate the average. Doing the two_tasks simultaneously, she must switch
between the spreadsheet and the documentation that explains how to use the software to
compute the average. She must carry information from one environment to the other
quickly, because she does not have more than 18 seconds to keep information in mind
(Peterson and Peterson, 1959). In addition, her main goal is to compute the average, not
leaming to use the software.

According to CLT, learning is the product of a process in which the leamer uses his limited
working memory efficiently. Working memory or short-term memory is the part of the
human cognitive process “in which all conscious cognitive processing occurs”. This
immediate memory limits the amount of information that a person can receive, process and
remember around seven (seven plus minus two) chunks of information at a time (Miller,
1956). Moreover, a human being can deal with a small number of interactive elements,
“possibly no more than two or three” (Pass et al., 2003). This means that a teaching process
should free the student’s working memory, allowing him to learn chunks of knowledge in
an iterative process (Moreno, 2004). After the learner assimilates a part of the knowledge,
he frees up his working memory to acquire more complex aspects and so on. As a result,
step-by-step and chunk-by-chunk, the learner acquires a big chunk of knowledge, which 1s
located in the long-term memory. Long-term memory stores vast quantities of schemas or

patterns that integrate multiple elements of information related to a specific function. A
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schema organizes information according to the manner in which the person is going to

reuse it (Gerjets and Scheiter, 2003).

CLT in decision-making follows the same strategy used by long-term memory: a leamer
acquires a simple pattern used for making decisions and, iteratively, he learns more
complex patterns until achieving a high level of expertise. Finally, he can retrieve a
complex high-level schema from the long-term memory by putting lower level schemas in
the working memory to process situations that require expert skills. For example, a person
can learn how to make decisions about designing a network with a minimum degree of
network reliability; after that he can leamm more about the location of concentrators to
support an acceptable degree of network reliability; in a third activity, this person can learn
how the assignation of capacity to different links increase or decrease the network cost.
Once he has accumulated knowledge about network reliability, concentrator location and
capacity allocation, he will apply these three aspects together in the design of a network, a
more complex activity that integrates the previous three.

Working memory has a limited capacity to deal with novel information, thus Cognitive
Load Theory also recommends the use of worked-out examples to reduce the cognitive load
that learners may experience while they are leaming new concepts (Pass et al., 2004).
“Learning by doing” with worked-out examples, the learner can develop the skills to
recognize patterns in the provided examples. In this way, the student develops the expertise
to retrieve schemas from his long-term memory to compare them with the examples and
identify differences and similarities. This view is close to Case-Based Reasoning (CBR), an
artificial intelligence technique explained in section 4.5, and to the case studies method
widely used in teaching business administration (DeLacey and Leonard, 2002). A case
study 1s an example or a set of examples that a teacher proposes to the students to analyze
or change. The objective is that the students grasp the rules behind the case study. For
example, analyzing two examples of network designs, the students can detect the
differences between their measures of performance and the relationships between those

measures and the configurations of topologies.

2.1.4. Educational strategies

The Cognitive Load Theory provides an appropriate way for a learner to improve his

knowledge and skills to pass from novice to expert. This theory lacks implementation
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details that are, however, supplied in part by the Payr’s model of teaching and learning

(Payr, 2003).

According to Payr (2003), the teaching/leaming process supports the learner to pass
through the five phases of skill development, from the “novice” phase to the “expertise”
phase. She defines five phases that a leamer can pass through as he progresses: novice,
beginner, competence, proficiency and expertise. In each phase, the learner performs some
activities intended to achieve some skills. These types of activities are: receive and
remember; imitate and apply; select and decide; understand and design; recognize and
master. As the learner improves his skills, he also acquires a more personal perspective,
greater responsibility, experience and expertise. Table 2.1. shows the five phases and their
corresponding activities. In the case of graduate students, we assume they start in the phase
of competence because they already know basic aspects and merely require an enhancement

of their knowledge.

Table 2.1. Phases of the leaming process, according to Payr (2003).

1 2 3 4 5
Phase NOVICE | BEGINNER | COMPETENCE | PRO- - EXPERTISE
EFICIENCY
Activity Receive Imitate Select, decide Understand, Recognize,
design master

In addition, this model defines the corresponding skills that a learner can develop as he
passes through the different phases from novice to expertise: skills to deal with free-context
situations, skills to act in context-sensitive conditions, skills for problem solving, skills to
recognize pattemns, and skills for managing complex situations. Thus, this approach is
fundamental not only for teaching decision-making skills to students gradually, but also for
adapting support to teachers as they progress and accumulate experience in using an

authoring tool, for example.

2.1.5. Education and Artificial Intelligence

One of the most promising trends in the research in education and artificial intelligence has
been the development of Intelligent Tutoring Systems (ITS) and Educational Adaptive
Hypermedia (EAH). An ITS is an expert information system that teaches leamners or
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supports them in their learning. ITSs apply artificial intelligence to interact with learners

and to make inferences about the learners’ knowledge. Additionally, an ITS is a system
that applies artificial intelligence and Computer Based Technologies (CBT) to provide
customized learning (Shiri-Ahmadabadi, 1999). EAH systems are based on the hypertext
structure, and they create a model of the knowledge and characteristics of each individual
user and apply this model to adapt the system to the needs of that user (Brusilovsky, 2001).
The main objective of using these types of systems is designing strategies to support an
interactive process which evaluates students’ reactions and generates the required feedback
for each reaction until the proposed pedagogical goal is achieved. A classical architecture
of an ITS can have five main models (Beck, 1996): Student Model, Pedagogical Model,
Domain Knowledge, Communication Model, and Expert Model.

Student Model

The student model stores information about each individual leamer, as well as the material
being taught and the student’s knowledge. For example, the name, the student’s age, his
knowledge about a subject and his level of progress studying a topic are data stored in the

student model.

Domain Knowledge

This model contains information that is used to teach. In other words, the domain model
stores information that the tutor is teaching, for example a definition of the concept
bandwidth if the subject is Network Design. This definition can be stored as plain text, a

sound file or a video file.

Comununication Model

This interface or communication model lets the systems interact with users by presenting
the student with the material in the most effective way. For example, a way to present

teaching material 1s through multimedia.

Expert Model

The expert model or teacher model includes information about how to teach the expertise

needed to solve problems in the knowledge domain. It is a model of how someone skilled
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in a particular domain stores such knowledge in his mind. For example, one teacher may

prefer to use simple examples and another may prefer case studies that are very complex. In
a system, a simple example can be represented as a set of variable-value pairs and a more
complex example can include rules to structure the variable-value pairs. The expert model

1s detailed later 1n this chapter.

Pedagogical Model

The Pedagogical Model provides a model of the teaching process, which is adapted to the
different needs of each student. Based on the student model, the pedagogical model can
make pedagogical decisions about what aspects of the domain knowledge should be
presented to the learner, when to review, when to present a new topic, and which topic to

present.

Pedagogical Strategies

Pedagogical or teaching strategies refer to the methods of instruction, how the material is
presented and which pedagogical acts (formulate, develop, demonstrate a concept, do an
exercise, discuss) are included (Crozat, 2000). The term "pedagogical strategy" also refers
to the instructional strategy, media, content and decisions about leamer support and
assessments, which allow the system and student to communicate or interact in a more
effective way. In the case of an ITS, “tutorial strategies are the set of teaching events
(actions and decisions) that motivate and interest the learner while improving his
performance” (Abou-Jaoude and Frasson, 1998).

Examples of pedagogical strategies are learning by disturbing and double test learning.
Using leamning by disturbing (Aimeur and Frasson, 1996) is a strategy that uses a
troublemaker that occasionally misleads the student to test his grade of confidence. Double
test learning 1s a strategy in which a simulated classmate receives the same training as the
leamer, then an intelligent tutor system tests the classmate first and the learner can check
the classmate’s mistakes. After that the tutor tests the learner who benefits from the
classmate's mistakes (Aimeur and Bassil, 1999). Another pedagogical strategy is discovery
learning, a strategy where the learner can construct his own knowledge by interacting with
a domain to infer rules from the results of the experiments (Van Joolingen, 1999). Learning

by doing 1s a very similar pedagogical strategy that allows the learners to be involved in
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hands-on experience manipulating simulated devices or following procedures. A

pedagogical strategy that is useful for teaching decision-making skills is learning by
problem solving within simulated environments with increased feedback effort. This
strategy shows a number of examples and counter-examples of an idea. Learners will notice
similarities and differences among these examples and then will grasp the "rule"
(Copernicus, 1996).

2.1.6. A model for the teacher

In the previous sections we have described some concepts related to the Pedagogical Model
behind this research. We focus on the concepts related to the Teacher Model. The onginal
idea of BestNet (Vazquez-Abad et al., 2001) was to give the teacher the option of tailoring
the case studies. A teacher should be able to define his pedagogical goals for the activities
that he proposes to the students. For example, specifying some criteria to be applied in a
particular type of analysis that his students must develop. This view is also supported by
the concepts human teacher model (Kinshuk et al., 2001) and local implementer teacher
(Kinshuk, 2003). These concepts refer to the teacher as a person with particular
characteristics and preferences, who wants to adjust or adapt an existing ITS or EAH
according to his interests and expertise. The expertise is personal and it varies from one
teacher to another one (Grandbastien, 1999); as a consequence, an ITS or EAH needs to
keep teachers’ profiles to allow adaptation to needs, limits, and pedagogical goals of
different teachers. This personalization requires using a Teacher Model that stores data
such as the language used by the teacher, his skills performing a particular task and

personal information (name, age, identification).

A human teacher model

As defined in a section above, a Teacher Model is the information about each human
teacher and his personal manner to teach a subject. In many cases, this type of information
is included in the Pedagogical Model, but we are considering the Teacher Model as a
specialization of the user model. The user model is a set of information describing a
particular teacher who is using a system, and this user model is used in determining “how
to present data, what type of help to give, and how the user interacts with the interface” of
the system (Keolle, 2002; Kobsa, 2001). A human teacher model includes personal
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characteristics of each teacher, information about how he teaches and, in our system,

information about how he acquires more knowledge and experience using an authoring
tool. For example, a human Teacher Model keeps the teacher’s name, his age, the course
he teaches, the type of examples that he prefers to use, the leaming sessions that he has
authored and the help received. Another common specialization of the user model is the
Student Model. The student model stores personal characteristics of each individual learner
and tracks of his progress and knowledge leamed. This research does not pay attention to

the Student Model because our focus is the teacher.

An implementer teacher

The concept of local implementer teacher (Kinshuk, 2003) involves the teaching styles and
personality attributes of a human teacher. A Pedagogical Model is a unique and static way
that a particular teacher applies to teach a subject, and a teacher using an ITS or a EAH
must follow that way. However, many teachers using that style can need to adapt the
Pedagogical Model to their particular interests and styles to implement a course.

But this vision is not enough because some times a teacher can be seen as a user who is a
student who must leam how to use software (Brusilovsky and Schwarz, 1997). For
example, a teacher using a specific EAH for teaching decision-making in network design
can need to learn to use EAH, its attributes and functions. Other visions are more flexible to
see the current situation of a teacher as a challenge in which we see the teacher as a trainee
(Vazquez-Abad et al., 2003). Viewing a teacher as a trainee or a teacher as learner also
entails that “teachers must see themselves as leamers as they grapple with new
technologies, changing roles and understanding the requirements of their students” (Fritze,
2003). As a consequence, modelling a teacher also implies to store information about the
teacher’s preferences, his activities and interests (frequent sessions, exercises), his level of
expertise (Virvou and Mondriduo, 2002), his goals and plans, his experience and skills
(Encarnagdo, 1997), his teaching style, his prior knowledge about the platform, his
discipline subject to teach, his learning ability, and the capabilities of the compﬁter
hardware and software he is using (Patel et al., 1998). For example, an implementer teacher
can have some leamning sessions in use and some additional ones to be finished; his skills to
author tasks to compare examples are high but he does not have any ability in defining a

competition between students to find the best solution for a problem. This information is
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different in comparison with another teacher who uses completely finished leaming

sessions only and who has very high skills performing only tasks related to the analysis of
the sensitivity of an environment.

A system acquires some data mentioned in the previous paragraph when a teacher provides
data directly or explicitly, for example when he fills in a form with details about his interest
and preferences. Other type of data is acquired implicitly from the interaction between the
teacher and the system. Examples of usage data are actions, temporal behaviour, frequency
of actions, navigation pattemns or environmental data such as software platform and

hardware (Fink and Kobsa, 2000).

Populating a Teacher Model

The data for the Teacher Model of a particular teacher can be also acquired using two
methods: stereotype and overlay model. Often, some teacher’s information is not available
at the beginning, and, to overcome this problem, the available teacher’s data can be
compared with other teachers’ data to reuse or copy their data (Encarnagdo, 1997). This is
the first method, stereotype. For example, if a new teacher has the same characteristics of
teachers in the “beginners” category, missing data can be taken from teachers belonging to
this category. Stereotype is a powerful method because it can be based on few observations
to assign the teacher to a group of teachers (Tsiriga and Virvou, 2002). The other method
is the overlay model, which represents the knowledge of an individual teacher as a record
of the knowledge that a user has of the domain concepts. For example, for each concept of
the domain there is a counter of the number of times that the teacher consulted this
concept (Encamagdo, 1997). The difference between stereotype and overlay model is that a
stereotype compares a teacher’s characteristics to other teacher’s characteristics, and an
overlay model stores data related to a particular teacher’s knowledge.

Many methods can be used to model the teachers’ characteristics, especially for the
initialization of a Teacher Model, such as rules of production, Case-Based Reasoning
(CBR) or classification. Classification maps teacher’s data into one of several
predetermined classes. “In the Web domain classes usually represent different user profiles
and classification is performed using selected features that describe each user’s category.
The most common classification algorithms are decision trees, naive Bayesian classifier,

neural networks, k-nearest neighbour and so on” (Eirinaki and Vazirgianis, 2003). For
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example, using a naive Bayesian classifier or a k-nearest neighbour algorithm, a

particular teacher’s data can be classified into a category of teachers whose data is very
similar to his.

Any stereotype requires initial teacher’s information, such as his name, age, number of
times he has taught a course and used Web-based technologies. These data are compared to
other teachers’ data, and then he is classified in a category of teachers who share
characteristics that are similar to his. For example, a teacher can fill some forms with his
personal information and data that say that he has taught a subject six times and he has been
using Web-based technologies for three years. If he did not give more information, lacking
data will be supplied with data from other teachers who have taught the same subject a
similar number of times and have a similar number of years using Web-based technologies.
In the case of the overlay model, a system acquires data from its interaction with the user,
in implicit and explicit ways. For example, using a dialogue box, a teacher provides explicit
information about his preference using or rejecting a recommendation. If a teacher accesses
a help topic, this event is implicit information included as a part of his overlay model.
Information acquired by means of a stereotype or an overlay model becomes part of the
Teacher Model. Once a Teacher Model is built, its information can be used to recognizing
the teacher’s plans and provide help according these plans, for example. This application
of the Teacher Model is detailed in chapter five. Data stored in the Teacher Model also
allows the system to identify the teacher’s interest and preferences, store and update new
information or provide information that the system needs to make decisions (Johnson and
Taatgen, 2003). These decisions can be related to different system functions, but in the next
sections we pay attention to concepts referred to the application of artificial intelligence to

support the interactions between an EAH and teachers who create teaching materials.

2.2. Artificial Intelligence and Human-Computer Interaction

A challenge of help systems is providing appropriate support to help users in the right way
(Fischer, 2001). To achieve these goals, research in Human-Computer Interaction (HCI)
and Artificial Intelligence (Al) integrates efforts in the creation of knowledge-based user
interfaces and help systems. In this section, we describe concepts that are applied in our

research and that come from these two areas.
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2.2.1. User interfaces

The field of Human Computer Interaction (HCI) involves knowledge from multiple areas
particularly psychology, computer science, and social sciences. Working together, experts
in these areas are trying to make computing systems that are both useful and usable. As
states by Olson and Olson (2003):

Human-computer interaction (HCI) is the study of how people interact with
computer technology. One major area of work in the field focuses on the
design of computer systems. The goal is to produce software and hardware
that are useful, usable and aesthetically pleasing.

People interact with information systems by employing a user interface that lets them
exchange information. In this context, the concept of “interface” can not be seen with
restrictions, and it could mean any way that the user uses to exchange information with a
system, including the documentation (Redmond-Pyle and Moore, 1995; Boy, 1998; Raskin,
2000). In the words of van Vliet: “the interface is the system” (Vliet, 2000). In addition,
dealing with interface design is very complex because there are many fields involved

(Preece, 1993), such as cognitive psychology, linguistics, design, and computer science.

Interfaces for authors

Regarding the problem of supporting the use of Computer-based Teachnology, Web-based
Technology, the developing of Intelligent Tutoring Systems (ITS) or the creation of
teaching material, our initial point of view is that ITSs, Educational Adaptive Hypermedia
(EAH), and other authoring tools should contain facilities for teaching (Warren, 1996), that
are not only useful but also usable. Many EAHs should have guidance to support teachers
in selecting pedagogical strategies or “translating” educational contents to Web pages.
Intelligent help would also be very useful in planning a course or in designing online
interactive leaming processes because then teachers could better guide students to progress
gradually (Dufresne, 1996). Guidance, help and facilities for teaching require flexible help

systems that can adapt to the teacher’s requirements.

2.2.2. Adaptive Learning Environments

Adaptive systems are Adaptive Learning Environments (ALE), such as ITS and EAH, that

can change their parameters and behaviour to meet a goal. The user would not only be able
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to adapt the environment to his needs, but the system should also adapt itself to different

changes generated by users. Thus, the system should be adaptable and adaptive. According
to Stephanidis, adaptive systems would “be accessible by anyone, at anytime and from
anywhere* (Stephanidis, 2001). Two general categories of adaptation are:
1- Adaptability: users have the possibility to select different types of presentation
and interaction among the ones included in the system.
2- Adaptivity: the system possesses the capability to monitor user interaction and to
generate automatic adaptation that suits different users or contexts of use
(Stephanidis, 2001). Adaptivity also means to monitor and record the user’s
behaviour; to deduce and generate the appropriate response, to change the interface
presentation, the help, and the dialogue sequences to guide the users to reach their
goals (Wang, 2001). For example, a system monitors the user’s decisions when he is
looking for help, and according to these decisions, the system changes the help
contents from minimum to more complex, and the medium from animation to t ext.
The most common adaptation of a system is the adaptivity to the user’s characteristics, such
as his goals and tasks, his knowledge background and previous experience. Other
characteristics to take into account are the user’s individual traits, which are features that
define a user as an individual, including his preferences and interests. Adaptation can occur
when a system makes changes based on the knowledge stored in a user model. A user
model is a set of data referring to a particular user.
There are many ways a system can adapt to different user’s actions (Brusilovsky, 2001), but
there are also three types of adaptation to something other than user characteristics, namely
adaptation to user data, to usage data, and to environment data (Kobsa et al., 2001). For
Brusilovsky, hypermedia ITS must provide adaptive presentation (content level adaptation)
and adaptive navigation (/ink level adaptation) (Brusilovsky, 2000). Adaptive presentation
is subdivided into text adaptation and multimedia adaptation technologies; adaptive
navigation support is subdivided into link hiding, sorting, annotation, direct guidance, and

hypertext map adaptation.

Context-based adaptation

In Web-based systems, adaptation to user’s environments is necessary because contextual

information about user location and user platform can improve the adaptivity. A goal of the
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adaptation of the system is to minimize input explicitly provided by the user, and

adaptation to the user’s work context is a way to do it. Context-aware and context-sensitive
systems can adapt easily and without more complex interfaces (Lieberman and Selker,
2000).

A specific sort of adaptive function in hypermedia systems is the personalized presentation
of multimedia information according to specific user interests and preferences (Maybury,
2000; Light and Maybury, 2002). Personalization and, more specifically, Web
personalization takes into account users’ data, usage data, and context data, all of which
customize a Web site content and structure according to the needs of specific users
(Eirinaki and Vazirgiannis, 2003). For example, users’ data can be acquired when teachers
fill a registration form with personal information; an overlay model can store usage data
related to the help concepts that a teacher has consulted; and, in the case of contextual data,

a variable can keep information about the page where the teacher is currently.

2.2.3. Intelligent user interfaces

According to Maybury, intelligent user interfaces are human-machine interfaces aimed to
increase the efficiency, effectiveness and naturalness of human-machine interaction
(Maybury, 2003). IUI uses knowledge representation and reasoning based on models of
users, domains, tasks and media to personalize and improve the interaction between a
system and the user.

Intelligent user interfaces are an option to overcome some of the problems of human-
computer interaction, such as direct manipulation (H66k, 2000). Direct manipulation is the
use of techniques such as pointers, mouse, drag and drop to interact with computer
programs and receive immediate feedback (Shneiderman and Maes, 1997). An intelligent
interface applies reasoning, knowledge, learning, planning, perception and communication
to make decisions on behalf of the user. This type of interface adapts to different users’
characteristics to support computer-based tasks (Maes, 1994).

Intelligent user interfaces “integrate an adaptive user interface and an intelligent help
system to provide context-sensitive and active help” (Encamagio, 1997). An intelligent
user interface has different components such as plan recognition, dynamic presentation that
shows data in a clear way, user modelling and interface adaptivity. These components

allow the TUI to support the user when he is interacting with the system (Encamagio, 1997,
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Ehlert, 2003). Usually, an intelligent user interface stores a user model with the history

of the user-system interaction; this information allows the intelligent user interface to
improve its ability to interact with the user (Langley, 1999).
In many cases, intelligent user interfaces are implemented by means of agents that perform

different actions to adapt the system and improve the human-computer interaction.

Agents

One way to improve the usability of pedagogical Web sites can be by using intelligent
agents, which help users to better interact with applications (André and Rist, 2002). An
agent can be defined as a computer system situated in some environment and capable of
autonomous actions to meet its objectives. The agent interacts with an environment, which
can be accessible or inaccessible, deterministic or non-deterministic, static or dynamic,
discrete or continuous. The agent and its environment interact continuously (Wooldridge,
2002).

An agent can also be seen as a “an assistant or helper, rather than as a tool in the manner of
a conventional direct-manipulation interface” (Lieberman, 1995). In this shift, we can add
that

An intelligent agent is a computerized entity that can perform a
particular task that has been assigned to it. Usually intelligent agents are
autonomous so they can perform this task without any explicit instruction
from the user that controls them. Another aspect of an intelligent agent is
that they are (very often but not always) capable of learning. This
learning capability allows them to adapt to new situations they encounter
(Ehlert, 2003).

According to Russell and Norvig, intelligent and autonomous agents are programs that
perceive their environment and act upon this environment without direct human
intervention (Russell and Norvig, 1995). Depending on their characteristics, agents can
have a high or low degree of autonomy and intelligence. They can be reactive or proactive
and they can be distributed in societies of co-operating agents. A particular type of agent is

the interface agent, which is a way to implement intelligent user interfaces.

Interface agents

Ehlert (2003) enumerates some characteristics of interface agents:
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An intelhigent interface agent, also called software agent or softbot,

cooperates with the user to accomplish his task and functions as the user’s
personal assistant. The agent can take the initiative, rather than passively
watit for instructions. It can provide the user with information, or detect and
correct the user’s misunderstandings.

The best-known examples of interface agents are intelligent tutoring systems and context-
sensitive help systems (Lieberman, 1995). Context-sensitive help provides information that
relates to the specific field of the Web page n which the user is currently working (Self,
1998). By using artificial intelligence techniques, for example rules, a system can adapt
help content according to a particular user’s charactenstics. Interface agents could thus
help computer novice users to manipulate information systems, because intelligent interface
agents can allow systems to monitor the user's actions, develop models of user abilities, and
automatically help out when problems appear. Intelligent interface agents try to solve some
of the problems that the current direct-manipulation interfaces cannot, such as “creating
personalized systems, dealing with information overflow or filtering problems, providing
help on using new and complex programs, taking over tasks from the user, and other forms
of interaction (e.g. speech or gestures) or helping people with a disability” (Ehlert, 2003).
One of the most important characteristics of interface agents is the ability to adapt to
different types of users. Therefore, these “adaptive interfaces” can adapt the presentation of
information and the interaction techniques according to user’s profiles (Dufresne and
Paquete, 2000; Dufresne, 2001). According to its different functions, an agent can process
the user’s input to generate a new output in the interface. For example, interface agents can
present information by using multimedia presentations or particular sets of media adapted
to the user’s requirements or to his profile (Maybury, 2000; Light and Maybury, 2002;
Wahlster, 2000; André and Ruist, 2002).

2.2.4. Intelligent help systems

There is some confusion related to the definition of the two concepts Intelligent User
Interfaces (IUI) and Intelligent Systems (IS), and Ehlert wams about the difference
between IUI and IS should be taken into account before explaining other concepts that are
derived from them. An often-made mistake is to confuse an IUI with an intelligent system.

It is important to note that a system exhibiting some form of intelligence is not necessarily
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an intelligent interface. There are many intelligent systems with very simple non-

intelligent interfaces and the fact that a system has an intelligent interface does not

say anything about the intelligence of the underlying system (Ehlert, 2003).

Intelligent systems

An intelligent system can perform some tasks by means of artificial intelligence techniques.
In general terms, an intelligent system chooses actions based on knowledge to achieve a
main objective. This knowledge base can be composed by its experience, data provided by
an expert, data acquired from distributed databases, data inferred by itself or data encoded
as part of the system structure. This kind of system is not entirely passive; it can perceive
information from the context and reacts to changing that context. Some characteristics of an
intelligent system are the representation of information, the reasoning using the information
representation, the ability to leam from its experience and the generation of new
information. An intelligent system can help users to deal with information overflow and
with complex decision-making processes needed to select appropriate help (Hook, 2000),

but it does not imply an improvement of the process the user follows to reach his goals.

Intelligent Help

A more specific means to support users is infelligent help. Intelligent help is a sort of
adaptive support that the user might need at a particular time, or in a specific situation or
context. We use the concept Intelligent Help Systems (IHS) as equivalent to Adaptive Help
Systems (AHS) and according to the definition of Brusilovsky and Schwartz (Brusilovsky
and Schwartz, 1997).

Intelligent Help Systems provide personalized, dynamic, and contextual support by using
artificial intelligence techniques for adaptation (Lorés et al., 2002). “Personalized” help
means adapting to the user's individual characteristics, taking into account information
about the type of user (such as the user's knowledge). “Contextualized” means supporting
the user, taking into account the current plan, and the user’s context, and the situation in
which the user-computer interaction occurs (such as the application's current state) (Wang,
2001; Aberg, 2002). By monitoring the human-computer interaction, a help system can
assist users with the functionality of a computer program, or with some other independent

task (repairing a plane, for example).
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In general terms, an intelligent help system should not disturb the user’s interaction; the

user should be free to choose his personal interaction style with the system. Operating in
real time, intelligent help can watch what the user is doing, and while the user analyzes his
next action, the system can perform some other actions (Ehlert, 2003).

Intelligent help can be either passive or active. Passive help occurs when the user explicitly
calls up “help” on a system, for example, in the case of context-sensitive help. Active help
occurs when the system makes a decision autonomously to support the user or suggest
some things that the user can do. An example is when the system detects the user is starting
a task and offers to finish the task on behalf of the user (Encamagio, 1997). Of course, in
general terms, active help can fail to detect the task in which the user to be supported, can
fail to deliver help just-in-time or can fail to provide appropriate help. In addition, this type
of help can surprise users, who could feel a loss of control. On the other hand, passive help
can be “ineffective, inefficient, and leads to behavioural problems” because users could
spend a lot of time looking for information instead of focusing on the task to be performed,
or users could avoid accessing any help because they do not want to spend time learning
(Leung, 2001).

The interaction between the intelligent help and the user could be richer than described
previously. Sometimes, the user can ask for help, but the system proposes or decides on the
type of help to provide and executes it. In other cases, the user asks for help, and the system
proposes options, but the decision is shared between the user and the system; finally, the
system executes. Another option in active mode, the system offers help (based on
observations of the user's activities), the user provides feedback, and the system proposes,
decides and executes (Encarnagio, 1997). This is the case when the intelligent help offers
an example to follow, and if the user accepts, the system selects and shows an example

adapted to the user’s charactenstics.

2.2.5. Methods to support users

There are two additional approaches in supporting users: learning support and problem
solving support. The leamning support helps the user to extend his knowledge about a
subject. Problem-solving support helps users to find the solution to a problem (Aberg,

2002). These types of intelligent help decrease the user’s cognitive load when the user has
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to deal with complex or unknown environments. While some systems only provide one

type of support, others offer both.

Problem-solving support

Problem-solving support helps the user in solving a problem. Instead of helping the user to
achieve a goal step-by-step, problem-solving support provides the solution to the problem.
This situation occurs when a user is not interested in spending time leamning how to use a
system or how to solve a problem, and prefers to use the application directly to finish his
tasks. Aberg explains that:

It is clear that problem-solving support is more directly relevant for the
user's current task, while leaming support may be of more importance for
the user's long-term performance (Aberg, 2002).

Recommender Systems

Problem-solving support can be implemented by means of a recommender system. A
recommender system is intended to “learn about a person’s needs and then proactively
identify and recommend information that meets those needs” (Callan et al, 2003). For
example, recommender systems can provide a sorted list of possible solutions to a problem
according to the characteristics of the user.

Basically, recommenders use two methods: content-based filtering and collaborative
filtering. Content-based filtering takes into account the individual user’s preferences. For
example, if a teacher prefers examples of networks with high reliability and medium cost,
the system recommends such examples. Collaborative filtering infers that users with similar
behaviour can have analogous interests (Eirinaki and Vazirgiannis, 2003). For example,
two teachers (A and B) with the same characteristics (age, preferences, background, and
skills) can share the same type of examples for teaching. If the two teachers belong to the
same group, then the system infers that Teacher A’s examples can be reused by Teacher B

because both teachers share other common characteristics.

Learning support
The learning support helps the teacher to perform some tasks. According to Encamagéo

(Encarnagiio, 1997), there are four types of user support: 1. on-line support tools (help,

guidance, on-line manuals); 2. off-line documentation; 3. training; and 4. advice. His



P N

P Y

34
research focused on the on-line support tools such as help and guidance. Intelligent help

should be able to support the teacher whenever he needs help on any related topic.
To help users, it is possible to apply the minimalist approach and layering technique used
by Selbach, Sieckenius and Barbosa (Selbach er al, 2003), and the techniques of
incremental learning and  adaptive help proposed by Brusilovsky (Brusilovsky and
Schwartz, 1997).
The minimalist approach means that the users receive small chunks of information to
support them while performing a task or learning how to do it. Although the minimalism
principle was not created for use in on-line help systems, its “less is more” approach is
usable in Web-based applications in which the screen space and the bandwidth do not make
it possible to display a lot of information. The system can provide the minimal information
and users would then have to interact with the content to improve their abilities.
Incremental learning and layering technique mean that the system adapts to the user as he
leamns and progresses from beginner to advanced. According to Brusilovsky, it is necessary:
1. To track the user’s actions to know the user knowledge
2. To use task models to deduce the goal of the user.

These two activities allow the system to know when a user is a beginner, thereby showing
him some subset of a complex interface. As the user progresses, more advanced interface
features will be available incrementally. Tracking the user’s actions, the system can obtain
information in three ways:

e A dialog can be developed between the user and the system

e The user can provide an example of what she wants to the system

e The system can infer new information based on information previously received.

On-line help and Web-based help

Intelligent help is a general concept that covers many options to support users in different
activities, but we have focused on the help that users require to perform some tasks to
achieve a goal in a job. This is the case of a teacher who needs to perform some tasks to
create courseware, for example. A teacher performing a task might need on-line help to
complete his job.

On-line help provides brief information to solve a specific problem while the user is

working (Lorés ef al., 2001) on an application that is not Web-based. This type of help
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allows the user to search for and receive information about topics related to the

application he is using at the very moment he is interacting with the application. On-line
help can include on-line manuals, tutorials and wizards (Tsuji and Yamamoto, 2001), and
usually the user can search for help related to a specific word or application command
(Gallagher and Daigle, 2002).

Electronic Performance Support Systems (EPSS) is the definition of a type of on-line help
“which provide integrated, on-demand access to information, advice, learning experiences,
and tools to enable a high level of job performance with a minimum of support from other
people” (Leung, 2001). This kind of help system is a “task support systen’” that facilitates
the user’s task completion, for example, to make decisions or diagnoses (Susarla et al.
2003).

There are three criteria or principles to provide this kind of on-line support.

e The first is_just-in-time support. With just-in-time support, the system supports the
user when he is on the job, at the moment when he needs to develop the competence
to perform a task. An advantage of this approach is that the user 1s not taken away
from his work to be trained.

o The second type is just-enough support. This type means the user is going to
receive just enough information to complete the current task. The idea is to avoid
cognitive overload for the user provoked by information that is not going to be used.
Otherwise, the user can become lost and taken out of his job context.

e Finally, Leung explains that “most users handle their tasks on hand without
necessarily optimizing the solution” Leung, 2001). Thus, the third idea behind task
support systems is that integrating just-in-time support and just-enough support will
allow a reduction in the cost of leaming a new task. This third idea is called
continuous performance development. It is assumed that if a user receives just-in-

time just-enough support, his skills will improve continuously.

Web-based help

Web-based Help Systems are help systems intended to provide help to Web-based
applications. For example, Web-based help could be the help that a Web site provides to a
user who is looking for a product or trying to follow a procedure. Web-based help can be

seen as a specialization of on-line help for Web-sites or Web-based application connected
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to Internet or an Intranet. Some Web sites use help links to provide information about

procedures, navigation tips, and frequently asked questions (FAQ). Other sites include site
maps that show the user’s location in the Web site hyperspace, or search facilities to find
help content (Welinske, 1998). Self recommends that a Web-based Help System be
context-sensitive. This means that the help for a concept in a Web page would be related to
this specific Web page context, not to the set of all the Web pages in the site (Self, 1998).
Adaptation and context-sensitive help are not common because Web sites usually have a
single page with the whole help content to support all the pages in the Web site. As a
consequence, a user looking for help related to a particular concept, must check a lot of
information, included aspects that are not related to the searched concept. Moreover, the
application of artificial intelligence for Web-based help is not a well studied area (Delisle
and Moulin, 2002).

2.2.6. Methods and techniques for building on-line help

As shown previously, there are many concepts and principles relating to intelligent help
systems, adaptation, and Web-based help; however, the number of methods for the
implementation of adaptive interfaces and on-line help is not so extensive. As Rothrock et
al. (2002) have established, it is necessary to find an interface design methodology for real-
time adaptability. Two attempts to provide this kind of methodologies are the Guide to
Adaptive Interface Design proposed by the previously cited authors (Rothrock et al. 2002),
and the Semiotic Method for Building On-line Help Systems formulated by Selbach et al.
(2003).
Rothrock et al. have proposed three guidelines for adaptive interface design:
1. Identify variables that call for adaptation. This step involves the identification
and selection of information that the system will take into account to make a
decision about the adaptation of the interface. This information includes variables
such as the user’s performance, plans and tasks to be performed, previous
knowledge, preferences, context, and environmental data.
2. Determine modifications to the interface. Depending on the variables selected in
the previous step, the designer determines how and when the interface should adapt
to the calling variables. In addition, the designer decides which changes will be

performed by the user and which by the system. The user can participate in the
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adaptation depending on the degree of autonomy that the designer assigns to the

system.
3. Select the inference mechanism. With the variables selected in step one and with
the possible transformations determined, it is necessary to select a means to identify
instances that call for adaptation and to decide on the appropriate modifications for
the interface.
However, adaptation is not synonymous with help system. Adaptation is used to adapt help
to the characteristics of the user, the context, and the environment. To develop an
intelligent help system, it is necessary to take into account additional aspects such as the
possible reactions of the system to the user’s inputs, the reasoning method that the system
uses, the system learning method, the way to generate new information and the
communication process between the user and the system. To take into account some of
these aspects, it is also necessary to use complementary methods to design and implement
help systems. However, those methods are not common. Particularly, we found only the
method proposed by Selbach et al. (2003), which focuses on content and offers a sequence
of eight steps:
1. Designing help taking into account the possible users’ questions.
Organizing the help content.
Refining the content and indexation.
Building a general help module.
Linking the help to the interface components.

Testing.

N o~ WD

Evaluating possible difficulties for matching questions and answers during the user-
system interaction.

8. Redesigning help content.

The guide and the method cited above are important tools that we apply to design our
system, but its implementation requires more specific techniques and resources. Some of
them are the principles and techniques used in the classical help of many commercial

applications.
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2.2.7. Help principles and techniques

Purchase and Worril have studied principles and techniques used in conventional help for
many applications (Purchase and Worril, 2002). Although their study focused on off-line
help for desktop applications, it offers an important framework for further research on
techniques for on-line intelligent help.
According to the Purchase and Worril analysis, the most useful principles for designing
help are:

e Help should be easy to understand.

e Help should be procedural: step-by-step instructions.

e Help should be unobtrusive. The system should know when the user does not need

help.
e Help should be accurate, complete, and consistent, not confusing.

e Help should speak the user’s language because incomprehensible help is useless.

These principles are usually mapped to help techniques that are supposed to deliver help
content to users in an easy way. The help techniques are the functions or features which any
user can access in a word processor application. The most commonly used help techniques
are (Purchase and Worril, 2002):

e Index. Alphabetical index of words linked to text help information.

e Find. A search mechanism to find information related to a specific word or concept.

e Contents. Hierarchical organization of help information in topics and subtopics.

e Balloon help. Pop up hints that the user can receive when he accesses a concept.

e Hyperlinks. Hypertext and hypermedia links to information.

Purchase and Worrill also studied another type of more common help, namely the FAQ
(Frequently Asked Questions). FAQ is a list of questions and answers related to a subject.
FAQ is not very common in desktop commercial applications but is frequently used on the
Internet to support users of Web sites and Web-based applications. As in the case of Index,
Find and Contents help features, FAQ requires the user to know or have a good idea about
the key words included in the questions he should consult. The advantage is that FAQ are

usually task-based because questions are related to tasks to be performed instead of
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focusing on isolated functions. Other researchers have also done research on the

application of Frequently Asked Questions (FAQ) as a way to provide on-line help
(Selbach et al., 2003; Susarla et al., 2003). They conclude that the design of the questions is
very important to make them intuitive and clearly related to the referred help topic. That is
the reason why Selbach et al. focused on the difficulties of matching questions and answers
during the user-system interaction.

Gelernter (Gelernter, 1998) refers to other techniques to deliver help such as Definition,
Tutorial, Quick Reference and Hint. A Definition is a description of a specific concept. This
definition is part of the help content. The Tutorial is a sequence of contents to teach a
process. A Quick Reference shows a small set of different help contents related to a
concept. A Hint is an advice that is displayed as a dialogue, and the user can accept or
reject the hint. Explanation is a technique defined by Brusilovsky and Cooper (Brusilovsky
and Cooper, 1999) to deliver explanations related to a concept. By Demonstration Liu (Liu,

2001) understands showing the development of a process.

2.2.8. Learning

Learning includes modification of the representation of facts that this system has (Cortés ez
al., 1994). An intelligent help system leams when stored knowledge changes to reflect new
data (Ehlert, 2003), or when the organization of the knowledge changes. More specifically,
a system learns when it changes its knowledge, the organization or representation of its
knowledge, and its skills to perform a task better in the future. For example, a system
includes new data in its knowledge base. These data are related to examples of network
design type A used for teaching a topic under a certain condition C. This change increases
the probability of examples type A to occur under a certain condition C in comparison with
the probability of other types of examples under this condition C (knowledge
representation). As a consequence, the system uses this new probability to prefer examples
of type A under condition C because they have a higher probability to occur. Thus, the
system improves its ability to prefer a type of example under condition C. This learning is
incremental because the system updates the probability of A and compares it to the
probability of other types of examples instead of starting from scratch the computation of

the probabilities of the entire set of examples (Russell and Norvig, 1995).
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Next sections detail some machine leaming concepts and artificial intelligence

techniques that we apply as the part of problem-solving support developed in this research.

Machine Learning

Machine leamning is an area in artificial intelligence that analyses how a system can extract
knowledge from examples or experience to change its knowledge base (Taatgent, 1999).
Machine leaming algorithms increase knowledge or skills of the system to perform a task
or to solve a problem in different ways depending on the context and without human
intervention. The learning process involves information selection and the adaptation of new
information. Given some data and prior knowledge, machine leaming allows a system to
derive a knowledge representation of a concept (Taatgent, 1999).
Learning can be classified in three different general types: supervised, which uses sets of
training data; unsupervised, which discovers information by analysing data; and,
reinforcement learning, which depends on the feedback the system receives to add or reject
a new knowledge component (Russell and Norvig, 1995).
More specific machine learning methods are induction, which generalizes a concept from a
set of examples; and, analysis, which assumes that a concept can be derived from a given
domain theory, such as a set of characteristics of some items in a classification process
(Taatgent, 1999). We are mainly interested in two main procedures of machine learning
related to induction and analysis:

e Classification learning: learning to put instances into pre-defined classes

e Association learning: leaming relationships between the attributes (Keller,

2002a).

These procedures require that a system has a knowledge representation, a set of operations
to manipulate these representations, as well as a heuristic search to choose the appropriate
knowledge among its representations (Luger, 2002). In the next two sections we discuss
more specific methods and mechanisms used to implement machine leaming solutions,
such as Case-based Reasoning (CBR), an artificial intelligence method used in this
research, and two specific techniques of classification learning that use statistical learning

and similarity measuring.
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Case-Based Reasoning

Case-based Reasoning (CBR) is an attempt to copy the human ability of applying our
experience to problem solving. For example, an expert detects a new problem and
compares it with previous problems that he solved in the same domain. If he finds a similar
problem in his memory, he tries to reuse or adapt the same methods to solve the new case
(Cortés et al., 1994). The idea is to allow a system to leamn from its own experience. In
CBR, leaming is a by-product of problem solving.
In CBR, a case is the representation knowledge of an experience by which an expert
achieves a goal. The case represents knowledge associated with specific problems. A CBR
system has a base of cases or library of old cases. Each case has a structure that includes its
characteristics of the problem to be solved and the associated solutions. The characteristics
can be divided into indices and complementary information. An index is an attribute that is
used as a means of identification of a given case. The cases grouped together in a base have
the same type of indices, which serves to speed up the search process. For example, in a
base of network examples, the cases can be indexed by their cost. If the system needs to
solve a design problem of a new network, it would be possible to find an example in the
base with the same cost as the new one, and then the old configuration can be proposed for
the new case. Complementary information is not fundamental to finding a case, but it could
be important for understanding and using the cases.
CBR includes four phases: identify a similar case, adapt the solution of this case to solve
the new one, evaluate if the new solution works, and, if it works, add the new case and its
solution to a case-base (Luger, 2002). Adding the new example or problem and its solution
to the case-base is a type of learning. Moreover, classifying an example in a case-base is a
pical exemplar-based approach where the solution to a problem is its right classification
(Aamodt and Plaza, 1994).
Matching the new case indices to one or more examples in the case-base requires applying
algorithms to compare the indices. First, it is necessary to filter the case-base to retrieve
only the most similar cases. Second, the filtered cases must be ranked. One option is to
measure the similarity (similarity metric) or distance between the new case and each
example in the case-base. In problem-solving support, if it is necessary to recommend a

network design example for teaching a topic related to this subject, and the system has a
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partial example that a teacher is providing, then the system compares the provided

example to the cases in the base and retrieves and recommends the most similar case with a

network design example.

Measuring similarity

A method to measure similarity is Instance-Based Learning (IBL). IBL is a method which
classifies an example by taking into account examples previously classified. Each time a
new instance has to be classified, the classifier method compares it to the stored examples
to assign a value to the new example (Palu, 2004).

The Nearest Neighbour is a well known IBL algorithm that calculates the distance between
cases. This algorithm can measure the distance between two cases or it can be used to find a
specific number of examples that are close to the new one. When the algorithm looks for
the k most similar examples, we call this algorithm k- Nearest Neighbour. Palu supplies a
short definition of the algorithm:

The nearest neighbours of an instance are defined in terms of standard
Euclidean geometry (distances between points in n-dimensional space).
More precisely, an arbitrary instance x can be described by the feature
attribute lists: < a;(x), az(x), a3(X), ..., an(x)>, where a,(x) denotes the value
of the ™ attribute of instance x (Palu, 2004).

Given two instances x; and x;, the distance between them can be calculated by the following

dist(xi,xj)s\/rzn r(xi)—a!,.(xj)]Z (1)

equation:

When a system finds a group of the k nearest instance, it is possible to classify them
according to each value of distance. For example, using the nearest neighbour algorithm we
can get ten examples that are very close to our case x, After identifying an instance or a set
of instances, the system applies the solutions associated with them to the problem in the
new case. This phase entails applying a solution directly or adapting it to the new problem.
In the latter, the system requires a procedure to adapt and evaluate the solution, or an expert
can evaluate the new solution and include it and the new case in the case-base. Otherwise,
the solution would be wrong and rejected. In the future, the system will have a new

experience or knowledge in its base of cases, given a new case and its solution or a mistake
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report to avoid that type of example in the future. In any event, the system will have

learnt a new example or a counterexample.

Learning examples or counter examples by means of this classification algorithm is fine but
using k-Nearest Neighbour algorithm in CBR to retrieve and rank cases has some
disadvantages because sorting examples requires more computational resources. Another
problem is that this algorithm compares all the characteristics of all the examples in the
case-base, and this process is time consuming. But, if only a few of the attributes are taken
into account, there is the risk that perhaps the most similar cases may well be left out (Palu,
2004).

Because search performance looking for similar cases is a central problem in artificial
intelligence, reducing the search time and complexity is an important goal in this area.
Sometimes, examples in the case-base are also classified in different classes or categories
because they share a similar solution or attributes (Aamodt and Plaza, 1994). In addition,
the search can be more complex if the examples lack complete information about their

characteristics, and if the system must deal with some degree of uncertainty.

Probability and uncertainty

This section refers to the use of probability and uncertainty in learning, and the application
of probabilities to improve the classification and retrieval of cases in the context of CBR
for problem-solving support.

People and machines usually have to deal with limited knowledge and incomplete
information for making decisions or predicting events. Probability theory allows us to
determine the chances of an event occurring. Statistical correlations are useful to predict
events, and especially, to classify components of a set. A system that classifies new
examples with incomplete data in a case-base is improving its knowledge (learning) base
under uncertain conditions.

A supervised type of leaming that applies uncertainty, probabilities and statistics is the
Bayesian learning. This method is based on Bayesian theory, which uses previously known
results to calculate more probabilities. According to this theory, an event has unconditioned
probability or prior probability assigned in the absence of knowledge supporting its
occurrence or absence. A conditional probability or posterior probability is the probability

of an event given some evidence. Bayesian theory assumes that the different attributes in a
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class or category are independent (Domingos and Pazzani, 1997). Then, assuming that A

and B are independent events, we can say that the probability of an observation A given

P(AIB)=5§%'§2 @

and, assuming that P(4 B)=P(B~ A), then we have that
_P(anB) _ PBIP(43B)

another observation B 1s

P\Bi4)= 3
b= ®
Equation (2) is the Bayes Theorem that can also be expressed as:

P(4|B)P(4) @

P(4|B)= O

This equation states:
the probability that hypothesis A is true given that evidence B is observed, is
equal to the product of the probability of B being observed given that A is
true and the probability of A being true, divided by the sum of the products
of the probabilities that B is observed given that alternative hypotheses are

true and the probabilities of these alternative hypotheses (Johnson and
Taatgen, 2003).

Assuming that 4 is a hypothesis to prove and B is given evidence, the calculation of the
probability of 4 is usually more difficult than getting the probability of B. Then, based on
(3) we calculate the probability of B given 4 using the following equation:

P\A|B)P(B
P(Bl4)= (—J%ES(——) (5)
because P(A) is constant, it can be dropped, and then we get
P(B|4)= P(4B)P(B) 6)
A naive Bayes classifier is a method to classify new evidence according to given prior
evidence. This classifier assumes that non conditional relationships are among attributes of
the evidence, and that is the reason why this type of classifier is called “naive”. This type of

classifier can classify sets of inputs and learn new inputs to anticipate behaviour or a result

(Rothrock et al., 2002). A Bayesian classifier requires the definition of classes and a dataset
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of training examples previously grouped in these classes. A set of classes can be

represented as V={v,v,...v}.
Given a new example E with some attributes and a set of old examples in a base of cases
divided into classes, we can represent the new example as a vector of attributes £ = <a,,
a ...a;>. These attributes have to be compared to the attributes of each example in the
case-base. Unlike k-Nearest Neighbour, a naive Bayesian classifier does not compare each
attribute directly. Instead, this classifier takes into account the prior probability assigned to
the set of examples in the base, and combines it with the observed data of a new instance
still to be classified. The result of this combination is a posterior probability assigned to
each class.
To arrive at this posterior probability, we start calculating in which class the given example
E can be classified, by adapting equation (4):
P(v] | E): P (Elvj )P (V,-) s
P(E)

where:

e v, is the class about which we want to know if the example can belong.

e FE is the example to be classified.

e P(v) is the prior probability that the class v; is the class where the new example E

can be classified

e P(E) is the likelihood of the example

Because E = <a, ay, ... a,>>, we can express:
P(VJIE)z (al,az, ) HP( l ) ®)

Then, by adapting equation (6), it is possible to calculate the probability of each attnbute a;

= P(v] )IT[P(a, lvj) )

to find the most suitable class v(E) with the maximum prediction, using the following

to belong to v;:

equation:

WE) = argmaxP( )HP( ) (10)

]
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Finally, the class with the maximum likelihood is the class where the new example can

be classified (Keller, 2002b).
However, the Bayesian classifier performs poorly when the number of instances with a
particular attribute a; in the training set is very small, or in the worst case when it is zero. In
this last case, zero in any attribute multiplied by any attribute will produce zero as the final
probability. To solve this problem, we can apply a formula that uses m-estimate of
probabilities (Meisner, 2003):
n,+m

Plafy, )= "2 (11)
where:

* a,is the value of each attribute a; tested for each class v,

e nis the total number of instances in each class v,

* n.is the number of instances with attribute a; and class v,

e pis a prion estimate for P(a,|v)). If there is not information available, it is possible
to assume that p = 1/k, where k is the number of values that a; can take (Keller,
2002b). We can assume that the probabilities of all attributes are equiprobable
(equally likely to be true). In other words, each attribute can have k possible values.

e mis a constant used to avoid the possible consequences that could arise if n. = 0 (in

this case the calculation would be zero).

Acoording to Russell and Norvig, Bayesian learning methods use observations and
probabilistic inference to get prior probabilities. The authors summarize that “Bayesian
learning simply calculates probabilities of examples, and makes predictions on that basis”
(Russell and Norvig, 2002).

A Bayesian classifier is a supervised learning method that requires a training phase before
starting to work. This training implies the creation of classes in which the examples will be
classified. In addition, the classes require typical examples that fit in each one. To classify a
new example, it 1s compared with the old examples in each class. As a consequence, the
designer of a classifier must create the different classes and provide the examples to train

the classifier.
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Classifying an Example

Let us study an example of a classification process, given a training set or base of cases

with two classes of networks as shown in Table 2.2:

Table 2.2. A set of classes to classify examples (training set).

Example Attribute 1 Attribute 2 Class
Reliability Cost

1 High Costly A

2 Very high Costly A

3 Very high Costly A

4 High Very costly B

5 High Very costly B

We need to classify a network E’ with a cost attribute which is “Very costly” and a
reliability attribute which is “Very High”. There is not any “Very high” reliability in class
B and there is not any “Very costly” cost in class A. In which class must the new example
be classified?
To answer this question, we first have to calculate the probabilities:

P(Very costly|4), P(VeryHigh|4)

P(Very costly |B) , P(VeryHigh|B)

We apply equation (11) to calculate these probabilities:

n, +mp

P(aitvj)z (11)

n+m
where:
e a;is the value of each attribute a; tested for each class v;.
e n is the total number of instances in each class v; Class A has three instances and
class B has two.
e n,.is the number of instances with attribute a; and class v; Class A has two instances

of “Very High” and Class B has none.
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e pis a prion estimate for P(ajv,). According to Keller (2002b) p means the

probability of a; having one of its possible values; in this case P is V2 because we
assume that the probabilities of all attributes are equiprobable (equally likely to be
true). In other words, each attribute can have two possible values.

e m is a constant used to avoid the possible consequences if n. = O (in this case the
calculation would be zero). We use m = 2 as a constant because we have two

attributes (Reliability and Cost) in our training set.

We calculate the probability of the example to be classified in A and the probability to be
classified in B. Then we apply the equation (11) m times for each class. Table 2.3. displays
the values for n, n,, p and m.

Table 2.3. Values to calculate where the example can be classified.

 Class A - Class B

| Very High | Very High
n=3 n=2
nc=2 nc=90
p=.5 p=.5
m=2 m=2

Very Costly Very Costly

n=3 n=2
nc=0 nc=2
p=.5 p=.S5
m=2 m=2

Table 2.4. shows the values for the probabilities of the example in each class.

Table 2.4. Probabilities for each attribute of each class.

| Class A Class B
P(VeryHighl4) = 2—;‘3—;—5 =06 | P(VeryHighlB)= %;5 =025
P(VeryCostMA) = O—;%Z =02 P(VeryCostMB) = 2—;%;—5 =0.75
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Using the partial results in Table 2.3., it is possible to get the final results using equation
(10):
v(E’)=argmaxP(vj)I_IP(a, |v1) (10)

v, eV
where:
. Visthe setof classes v,

. P(v) is the overall probability of a class. This means the frequency of each class in

the training set. The probability for Class A is 3/5 and that for Class B is 2/5.

In our example we adjust the expression to:

! ")=argmaxP(vj )HP(a,le) 12)

v B

J 2
where:

e {A B} is the set of classes available.

Then, multiplying the probabilities for each attribute, we get the probabilities for each
class:

P(A)=0.6*02 =0.12

P(B)=0.25*0.75=0.1875
Now, each result has to be multiplied by the corresponding P(v):

P(A)=0.12 * 0.6 = 0.072

P(B)=0.1875 * 0.4 = 0.075

This calculation can also be performed as follows:
P(A)*P(VeryCostly/A)*P(VeryHigh/A)= 0.6 *0.6 *0.2 =0.072
PB)*P(VeryCostly/B)*P(VeryHigh/B)= 0.4 * 0.25 * 0.75 =0.075

Finally, a network with a cost “Very costly” and reliability “High” must be classified in
Class B, because 0.075 >0.072.
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A naive Bayesian classifier is simple and consumes low time and memory requirements

(Domingos and Pazzani, 1997). It performs well under a broader range of conditions, and
the prior and posterior probabilities can be updated each time a new example is classified.
Learning in naive Bayesian classifier derives from updating those probabilities based on the
frequencies in the training data. In addition, there i1s nothing to search in a tree or a
database; thus, the classification of a new instance involves only computing the maximum
class posterior probability (Keller, 2002b). Furthermore, a Bayesian classifier does not
compare an example that is yet to be classified with those already classified. Instead of this,
a Bayesian classifier can keep a summarized image of the frequency with which different
characteristics of an example appear in the database. This informed search reduces the time
needed to find the most suitable category for an example. Consequently, naive Bayesian
classifiers have been used and recommended for adaptive hypermedia and Web-based
applications (Webb et al., 2001; Miyahara and Pazzani, 2002) because they reduce the

latency between requests and answers via Intemet.

2.3. Conclusion

As a result of the review of literature related to our research subjects, we defined a series of
concepts that supports our approach and that we applied in our system. Those concepts are
grouped in three areas related to pedagogical aspects, teacher modeling and artificial
intelligence in human-computer interaction.

In the area of pedagogical aspects, we take the concepts of Pedagogical Model, Teacher
Model and Communication Model, which are used in classical ITS, to organize our work in
areas related to each of those models. In our Pedagogical Model, we apply the approach to
teach decision-making in Network Design that comes from the Best Net project. This
approach is complemented by the Cognitive Load Theory (CLT) and Payr’s model for
teaching and learning. With this group of concepts we structure a framework that supports
teaching and helping in ARTALE. This framework allows us to map the theoretical view of
the BestNet project for teaching Network Design to graduate students into an authoring tool
to create teaching materials. A fundamental idea is using “worked-out examples” to reduce
the cognitive load that teachers may experience while they are leaming new concepts.

Using worked-out examples requires that the Teacher Model keeps data related to which
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examples a teacher can reuse. In addition, worked-out examples are stored as cases that

ARIALE manipulates applying artificial intelligence techniques.
Regarding the teacher’s aspects, the concepts of human teacher model and implementer
teacher are basic to model teachers’ data in ARIALE. In addition, we explain the stereotype
and overlay model, as methods to populate a Teacher Model with data. This model supports
the decisions that ARTALE makes to help teachers.
At the end of this chapter we focus on concepts related to the application of artificial
intelligence in human-computer interaction, particularly adaptation, intelligent help
systems, knowledge based help, Web-based help, automatic generation of case studies and
recommender systems. We also pay attention to machine learning and artificial intelligence
techniques such CBR and Bayesian Leaming because we apply them to deliver help by
recommending worked-out examples.
Table 2.5. summarizes the most important concepts studied in this research that were
applied in the development of our system ARIALE.

Table 2.5. Most important concepts used in this research.

Area Concept Definition
Pedagogical BestNet Pedagogical The BestNet Pedagogical Model integrates the optimization
Model Model (competition) into other two strategies: analysis by

comparison of cases and sensitivity analysis of cases. As
part of a sequence of three tasks, comparison and
modification of cases converge into the third task:
optimization (Vazquez-Abad et al, 2001).

Network Design In this research Network Design is defined as choosing a
concentrator, defining links between the nodes of the
network, and selecting the type of links for each lnk.
According to this vision, Network Design 1s seen as a
decision-making process and the student has to develop the
expertise required to master this process.

Decision-Making According to Turban and Aronson (1998), decision-making
is a process in which the decision-maker has to define the
problem to be solved by means of a decision (intelligence
phase); he also has to define the options and the criteria to
evaluate these options (design phase). As well, he has to
evaluate the options and select one or more that solve the

initial problem (choice phase).
Multi Criteria Multi-Criteria Decision-Making (MCDM). “MCDM can be
Decision-Making defined as the study of methods and procedures by which

concerns about multiple conflicting criteria can be formally
incorporated into the management planning process”

(MCDM, 2003).
Cognitive Load The starting point in CLT is cognitive overload, a situation
Theory (CLT) that a user may experience when the processing demands

required by a task exceed his processing capacity (Mayer
and Moreno, 2003). According to CLT, learning is the
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product of a process in which the leamer uses his limited
capacity working memory efficiently.

Payr’s model of
teaching and learning

According to Payr (2003), the teaching/learning process
supports the learner to pass five phases as he progresses:
novice, beginner, competence, proficiency and expertise. In
each phase, the learner performs the following activities
intended to achieve some skills: receive and remember;
imitate and apply; select and decide; understand and design;
recognize and master.

Teacher Model | Local implementer These concepts refer to the teacher as a person with
teacher (Kinshuk, particular characteristics and preferences, who wants to

2003) and human adjust or adapt an existing ITS or EAH according to his

teacher model interests and expertise.

(Kinshuk et al., 2001)

Teacher as a trainee Viewing a teacher as a trainee (Vazquez-Abad et al., 2003).
or a teacher as learner means that “teachers must see
themselves as learmers as they grapple with new
technologies, changing roles and understanding the
requirements of their students” (Fritze, 2003).

Human- Adaptation, adaptivity | Adaptive systems can change their parameters and
computer behaviour in order to meet a goal. Two general categories of
Interaction and adaptation are:
Artificial 1- adaptability: users have the possibility to select different
Intelligence types of presentation and interaction from among the ones
included in the system prior to the initiation of interaction.
2- adaptivity: the system possesses the capability to monitor
user interaction to generate automatic adaptation that suits
different users or contexts of use (Stephanidis, 2001).

Intelligent interface “An intelligent interface agent cooperates with the user to

agent accomplish his task and functions as the user’s personal
assistant. The agent can take the imitiative, rather than
passively wait for instructions. It can provide the user with
information, or detect and correct the user’s
misunderstandings” Ehlert (2003).

Intelligent Help Intelligent Help Systems provide personalized, dynamic and

Systems contextual support by using artificial intelligence techniques
for adaptation (Lorés et al., 2002).

Learning support The learning support helps the user to extend his knowledge
about a subject (Aberg, 2002).

Problem Solving Problem-solving support helps users to find the solution to a

support problem (Aberg, 2002).

Recommender system | A recommender system is intended to “learn about a
person’s needs and then proactively identify and recommend
information that meets those needs” (Callan et al., 2003).

Automatic generation | Case studies, examples to be analyzed or, more specifically,

of case studies network topologies can be generated automatically by a

system instead of provided by a teacher or expert. The
system requires functions or programs that follow rules and
procedures to generate a case according to a expert criterion.

Incremental learning,

These concepts mean the system adapts to the teacher as he

layering technique and | learns and progresses from beginner to advanced
adaptive help (Brusilovsky and Schwartz, 1997, Selbach et al,, 2003).
Minimalism The minimalist approach means that the users receive small

chunks of information to support them while performing a
task or learning how to do it. (Selbach et al., 2003).
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Electronic EPSS a type of on-line help “which provide integrated, on-
Performance Support | demand access to information, advice, leaming experiences,
Systems (EPSS) and tools to enable a high level of job performance with a

minimum of support from other people” (Leung, 2001).

Just-in-time help

Just-in-time help means that the system supports the user
when he is in on the job, in the mere instant when he needs
to develop the competence to perform a task (Leung, 2001).

Just-enough help

This type of help means the user is going to receive just
enough information to complete the current task. The idea is
to avoid cognitive overload for the user provoked by
information that is not going to be used (Leung, 2001).

Context-sensitive help

Context-sensitive help provides information that relates to
the specific field of the Web page in which the user is
working currently (Self, 1998).

Guide to Adaptive
Interface Design

The guide to adaptive interface design proposed by
(Rothrock et al., 2002), has three rules for designing an
adaptive interface:

¢ 1dentify variables that call for adaptation;

e  determine modifications to the interface,

® select the inference mechanism.

Case Base Reasoning

CBR is an artificial intelligence method that a system can
use to learn. The idea is to allow a system to learn from its
own experience. For example, an expert detects a new
problem and compares it with the previous problems in the
same domain that he solved before. If he finds a similar
problem in his memory, in order to solve the new case he
tries to reuse or adapt the same methods he used for solving
the old problem (Cortés ez al, 1994). In CBR, leaming is a
by-product of problem solving.

Classification learning

By means of classification leaming, a system can leamn to
put instances into pre-defined classes (Keller, 2002a).

Similarity measuring

This method calculates or measures the distance between
two cases. This is a method to classify an example, taking
into account examples classified previously. Each time a
new instance has to be classified, the classifier method
compares it to the stored examples to assign a distance value
to the new example (Palu, 2004).

Bayesian
classification
(Bayesian learning)

Bayesian classification is a method to classify new evidence
according to given prior evidence. This type of classifier can
classify sets of inputs and learn novel inputs in order to
anticipate behaviour or a result (Rothrock er al., 2002). This
method is based on Bayesian theory, which uses previously
known results to calculate more probabilities. According to
this theory, an event has unconditioned probability or prior
probability assigned in the absence of knowledge that
supports its occurrence or absence. A conditional probability
or posterior probability is the probability of an event given
some evidence. Bayesian theory assumes the different
attributes in a class or category are independent (Domingos
and Pazzani, 1997).
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Chapter 3. Previous studies

Summary: This chapter focuses on the description of previous studies that are close to our
research in the areas of pedagogical aspects, teacher modeling, and the role of artificial

intelligence in human-computer interaction.

3.1. Experience in supporting people

The next sections describe examples of previous development related to teaching and help,

help system examples, support for authoring tools, problem-solving support, and Web-
based help.

3.1.1. Teaching and help in Decision-making

Comparing the method that our system ARIALE (Authoring Resources for Implementing
Adaptive Learning Environments) and other systems follow to support teaching decision-
making is important to highlight improvements. Our approach for teaching guides the
structure of our authoring tool, the kinds of problem-solving support and leaming support
to provide. This approach refers to teach students and it is the way that teachers must
follow in this investigation. A recurring question in decision-making is how to deal with
complex scenarios in which people must make decisions. An attempt to answer this
question is Towle’s ITS (Towle, 2001) to teach decision-making in complex environments.
He proposes simulations of crisis management, using educational multimedia software with
a  task-based approach and a goal-based scenario. Another antecedent for teaching
decision-making skills is “ADELE”, a Web-based agent to support learming that has been
applied to teaching medicine (Johnson ef al. 2003; Shaw et al., 1999). Another previous
research study in this area is CACTUS (Hartley, 2003), an interactive simulation
environment that provides facilities for supporting decision making and whose interface
evolves to accommodate and support the varying roles of trainers and trainees.
Competition for optimization is one of the most widely used methods for “learning by
doing” decision-making in disciplines such as business, finance and management (Erkol,
1998; Netstrat, 2003), but it is almost unused as a pedagogical strategy in Intelligent
Tutoring Systems (ITS) and is very rare in Educational Adaptive Hypermedia (EAH)
except for one research study (Aerts et al., 1999).
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Supporting Network Design

In Network Design there are not many projects that support teaching high-level design. One
previous research study on teaching network management was developed to help novices
improve their skills managing networks on the basis of the analysis of low-level
information and the use of network faults to challenge students. This project permitted a
gradual and controlled introduction of additional complexity and error conditions that the
students face (Pattinson and Dacre, 1998). Other research in this area points to the
development of intelligent agents to assist people with network configuration (Rezazad,
2003). For an amore detailed study of antecedents, see Pierre and Gharbi (2001), who also
developed DESNET, a tool for designing, storing and reusing networks.

Researcher in Teacher Modeling

Using a Teacher Model to support adaptive hypermedia applications is not a very
widespread practice, but based on a teacher’s model, the WEAR system (Virvou and
Moundridou, 2002) helps authors with teaching (strategy), and allows teachers to share
exercises with one another. In other cases, researchers have taken into account the
pedagogical knowledge that teachers have about how to teach a specific skill (Heffernan,
2001; du Boulay and Luckin, 2000). Other authors have captured users’ decisions to model
and emulate their decision-making processes (Webb et al., 2001). An application of
machine learning for user modelling can be seen in adaptive Web site agents and intelligent
systems, which learn from visitors’ access to a Web site. Research on intelligent profiling
and interactive learning facilitates the acquisition of user information without unnecessary
effort on the user’s part (Shearin and Lieberman, 2001). Another view is that of a system
which can watch the expert and leamn from him, the expert supervises the learner, and, then
the leamer works alone (Kimiavi, 1998).

In general, researchers are interested in modelling the expertise of one human teacher to
insert his expert knowledge into an ITS (Hefferman, 2001; du Boulay and Luckin, 2000).
An exception is ARTHUR, a system with a different approach that includes versions of
different teachers for the same course and recommends to each student the course that fits
his learning style (Gilbert and Han, 1999). However, ARTHUR courses are static and

adapting contents to other teachers’ visions is not possible.
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In contrast, research about user modelling and, more specifically, student modelling is

very common. There are many investigations and projects related to the application of
Bayes Theory and user modelling in general (Henze and Nejdl, 1999; Stern et al. 1999;
Wittig, 1999; Carreira et al., 2004). Billsus and Pazzani (1999) applied a hybrid user
model for News Story recommendation. They used short-term and long-term models for
interests. The short-term model is for known news and recently rated events to discover
news related to them. The long-term model is for general preferences and trends. Millan
(2000) uses Bayesian Networks for student modeling. Another important case is the
application of a Bayesian model in ANDES (Conati et al., 2002). In ANDES, the system
predicts if a general concept has been learned based on the ability that the student

demonstrates learning a particular concept.

3.1.2. Help system examples

In the area of assistance for users, some research aims at guiding workers while they are
working, such as ADAPTS, an adaptative hypermedia ITS to guide in maintaining complex
equipment (Brusilovsky and Cooper, 1999). Another important antecedent is Telephone
Trage Assistance (TTA), a help system that supports nurses when they are answering by
telephone (Leung, 2001). Moreover, Leung analyses and implements strategies and
techniques for on-line help that are very useful to design on-line help and that can be
applied to Web-based help systems. For example, TTA implements the “just-enough” and
“just-on-time” approaches that a “task support system” can use to provide contextual help.
Other researchers have focused on supporting procedures like using a word-processor or a
telephone-based system (Edwards and Hendy, 2000; Gorrel et al., 2002), managing files
(Virvou and Kabassi, 2002), or supporting medicine applications (Encarnagdo, 1997). Some
efforts have been focused on intelligent help for supporting task completion in a complex
command-base environment (Unix operating system) (Jerrams-Smith, 2000; Matthews et
al., 2000). Weber developed a guide to help students use a simulator in electrical and
computer engineering classes (Weber, 1998).

Another trend is the analysis of how human experts support users when they are performing
a computer-based task (Capobianco, 2002), and how a human expert can complement a help

system (Aberg, 2002). A previous study related to the relation between experts and help
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systems i1s Kumar’s investigation, which is intended to assist helpers while they are

helping students on-line (Kumar, 2002).

An important concem is the automatic generation of user support, more precisely interface
agents to help users perform tasks. COLLAGEN is a middleware that automatically creates
collaborative interface agents which help users to understand an application (Einsenstein
and Rich, 2002). The result is a personal assistant that learns “how to assist the user by (i)
observing the user’s actions and imitating them, (ii) receiving user’s feedback when it takes

wrong actions and (ii1) being trained by the user on the basis of hypothetical examples”.

3.1.3. Support for authoring tools.

The 1dea of using intelligent help to support users is not a new one. Carroll and Aaronson
refer to SMARTHELP as an apparatus that allows a computer to monitor the activity in
another machine in order to provide support (Carrol and Aaronson, 1988). Asked about
how people can leam with a tool that is itself hard to learn, Carrol and Aaronson advised
using artificial intelligence to support that difficult task.

However, past research has not focused on on-line intelligent and adaptive hypermedia that
helps teachers to use ITS, which are an important aspects of this research. In fact, few
authors have mentioned the lack of research on the subject of teacher modelling or the
advantages of using information about teachers to improve Intelligent Tutoring Systems
(ITS) (Kinshuk, 2001). For Virvou and Moundridou (2002), ITS require intelligent help to
assist teaching decision-making skills while users are authoring, because regular help is not
enough. Most authoring tools do not provide interactive support to exploit their
functionalities.

Only very few systems specifically address the issue of how to support teachers to create an
intelligent tutoring system. CACTUS is one of these systems that help teachers to create
ITS. CACTUS includes an authoring tool to create ITS, as well as an agent that monitors
and guides users mn using the tool (Garcia, 2000). Using a Teacher Model, WEAR helps
authors with teaching (strategy) and allows teachers to share exercises among themselves
(Virvou and Mondridou, 2002; Virvou and Moundridou, 2001). Another antecedent 1s
Logic-ITA (Yacef, 2004), an Intelligent Teaching Assistant (ITA) that provides the teacher
with information about students’ performances. This information allows teachers to adapt

their teaching to the students. Finally, the approach for authoring support for Web
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courseware proposed by Aroyo ef al. (2002) in their system AIMS is a very elaborate

option that recommends helping authors by providing: 1. Semi-automatic performance of
some authoring activities; 2. Hints and recommendations; and, 3. Building and reuse

activities support.

3.1.4. Problem-solving support

Another aspect related to supporting authoring is problem-solving support by means of
automatic creation of courseware material. This is a really rare topic. An interesting
antecedent is the automatic generation of quiz questions proposed in MULTIBOOK
(Fischer and Steinmetz, 2000). In this system, a static number of components is combined
to generate a limited set of questions. Based on an ontology of key words that represents
concepts to evaluate, this system generates standard questions such as “Which are the parts
of <Key word of the concept>?". Another earlier study in this area is HYPER-ITS, a
system that includes a random problem generator which “selects concepts that will be
treated independently given and creates instances of these concepts by randomly generating
values within specified boundaries” (Kinshuk ez al., 1999). Pierre and Elgibaoui (1997),
Pierre (1998), and Pierre and Leagault (1998) have proposed methods that use machine
learning techniques for the generation of network topologies with low cost and a minimal
acceptable delay. Obraczka er al. (1997) have used a random method for the generation of
50-node networks with determined reliability.

Recommendation

Recommending examples or case studies for teachers is another central aspect of our
research. However, recommendation of examples is rare in teaching decision-making or
teaching Network Design but also in teaching other subjects. AIMS (Aroyo et al., 2002)
includes recommendations in its functions of intelligent help for authors, but these
recommendations are limited to leaning support and they do not include problem-solving
support, as in our case. In contrast, Naive Bayes classifiers are applied in recommender
systems (Schwab et al., 2000; Miyahara and Pazzani, 2002), but not in recommendations to

support some functions of authoring tools.
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3.1.5. Web-based help antecedents

Other research on on-line and Web-based help can help to refine the vision about authoring
courseware and the generation of the respective help. For example, the ORIMUHS is a
system independent of hosting software that supports a variety of users and tasks
(Encarnagao and Stoev, 1999). This help system is based on:

e Detection of user’s actions.

e Identification of the tasks context.

e Creation of correspondences between concepts and user support.
Using these three features, the help system adapts to the user’s knowledge, the context,
goals, and actions to provide a multimedia help presentation. ORIMUHS has been applied
in two areas, namely medicine and computer assisted design. This system is one of the very
uncommon Web-based help systems that use artificial intelligence to adapt support to the
context and to the user’s characteristics.
Other examples of Web-based adaptive help are found in Interbook, a system intended to
support students leaming computer science. Trying to overcome the interface complexity,
Interbook uses an incremental interface (Brusilovsky and Schwartz, 1997). According to
the authors, with an incremental interface “a novice user starts with a subset of a complex
interface, and then more advanced interface features are enabled incrementally as soon as
the user needs them and is ready to use them”. This idea of an incremental or gradual
increase of the complexity of an interface and the help content has also been implemented
in other systems that use buttons allowing users the access to different levels of help

(Johnson et al., 2003; Davis et al., 2003).

3.2. Conclusion

The survey of literature allowed us to know the state of the art in the areas related to our
research subjects and to define the most important differences and contributions that make
our research innovative with practical solutions to real problems.

Regarding pedagogical aspects, we did not find another pedagogical approach as the one
that we use to structure our work. In addition, we found that researchers are not interested
in modelling the implementer teacher expertise in teaching because they are concentrating

in creating the perfect teacher rather than a teacher’s tool (Kinshuk ez al, 2001).
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Researchers in this area have been working for a long time in student modelling and

systems that can mteract with students but not necessarily with human teachers. In general
terms, research that focus on the teacher’s problems to adapt ITSs and EAHs to his
pedagogical goals and preferences is uncommon in the community of researchers in ITS
and EAH. In contrast, our research pays attention to the teacher model, an aspect that has
been neglected by the majority of researchers in ITS and EAH, and we have used the
teacher model to support the decision of the system in recommendation, adaptation and
help.

Some EAH and ITS share materials between teachers (Virvou and Moundridou, 2002;
Aroyo et al., 2002), leaving the selection of examples in the teacher’s hands. These kinds of
system usually do not recommend examples in a personalized manner, as ARTIALE does to
reduce the cogni_tive overload provoked by leaving the example selection to teachers. It is
clear that if there are many examples available, the selection will be more difficult for
teachers. Another important aspect related to examples is that automatic generation of
courseware material, particularly examples, is not a common function of ITS and EAH. In
contrast with MULTIBOOK and HYPER-ITS, the contribution of our system is not only
the generation of more complex examples in a probabilistic manner, but also the use of
these generated examples to increase the knowledge base of the system. By classifying
examples, our system also leams the class of examples that the teacher prefers.

Although CACTUS, WEAR and the AIMS approach address the problem of supporting
teachers authorning ITSs, these investigations do not focus on strategies and techniques to
offer context adaptive Web-based help. Other researchers have developed tools for the
design and implementation of hypermedia ITS (Carro, 2001; Wu, 2002), but these tools do
not include features that allow implementer teachers to adapt the contents of their
previously designed curricula. With these tools, if a teacher wants to adapt something, he
has to author a new cumiculum that can do this function. From some teachers’
implementations, Arthur (Gilbert and Han, 1999) selects the style that best matches the
student, but contents in this system are static and Arthur does not allow any adaptation,;
thus, the course must be used as it 1s provided. Capobianco’s research is a good basis to

develop help from strategies used by human experts, but it requires the implementation of
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strategies in Web-based help techniques. In contrast, our system has focused on adaptive

help techniques.

The interaction of users with INTERBOOK and ORIMUHS interfaces is complex, and the
interaction of the user with the help functionality also becomes difficult. Interbook uses
conventional help features such as Index, and finding specific help with an Index help
feature is time consuming (Leung, 2001; Capobianco, 2002) that we avoid in our research.
As the creators of INTERBOOK commented, “INTERBOOK interface is too complex for
many users. Some interface features, such as the separate table of contents, were
misunderstood . . . Such helpful features of INTERBOOK as the search interface or
prerequisite help have never been used” (Brusilovsky and Schwartz, 1997).

The main problem with the help in ORIMUHS occurs when the user wants to customize the
support as this functionality is offered in an additional window with too many options to
enable or disable. Therefo.re, the use of many windows is another source of cognitive
overload in Web-based help since the user has to leave the workspace and switch between
windows. The use of multiple windows is avoided in our work.

In conclusion, we found that the purpose and goals of our research are justified because
they are pertinent, important, and attack relevant problems that other researchers have not
studied with an approach similar to ours.

Table 3.1. compares ARIALE to other systems on the basis of the most important concepts
applied in our research. For each of the aspects in the left column, a letter “x” in the
corresponding row means that the system in the respective column includes this
characteristic. For example, in the case of the aspect “Network Design”, the systems
ARIALE, BESTNET and DESNET have “X” because all of them are related to Network
Design.
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Chapter 4. Teaching and teacher’s characteristics

Summary: In this chapter we describe the theoretical basis of our research: the Pedagogical
Model and the Teacher Model. In the section related to the Pedagogical Model, we answer
the following question: What should the Pedagogical Model, methods and the teaching
strategies to teach decision-making expertise and support teachers involve?

In the section devoted to the Teacher Model, we model the characteristics of a human
teacher and his teaching style, and we analyse the application of the Teacher Model to
support teachers in authoring leaming sessions by means of our system ARIALE

(Authoring Resources for Implementing Adaptive Learning Environments).

4.1. The Pedagogical Model

The Pedagogical Model is the set of teaching strategies and techniques that an Intelligent
Tutoring System or an Educational Adaptive Hypermedia can apply to teach students. This
model includes the knowledge and strategies about how to teach. The theoretical definition
of the Pedagogical Model was discussed in pages. 16 and 17, section 2.1. of Chapter two.
In this research, we extend the definition of the pedagogical model to include strategies and
techniques that support teachers while they are authoring leamning sessions (see section
4.1.2)). This is a Pedagogical Model for teachers, who must follow to teach decision-
making in Network Design and this model also supports helping teacher while they are
authoring learning sessions. A learning session is a sequence of tasks that the students will

perform to acquire expertise in decision-making.

4.1.1. Teaching an expertise

According to Woolf (2000), ITS lack flexibility once deployed. The general rule is to
author an ITS or an EAH for teaching a particular subject of predetermined content. Other
authors have proposed that the objective of ITS should be to provide a way of teaching that
can adapt to leamners (Frasson and Aimeur, 1997), thereby reproducing the behaviour of an
intelligent human tutor (Aimeur ef al., 2000). While an ITS or EAH is flexible and adaptive
for the students, it is not necessarily flexible for a teacher if he wants to adapt it to his
particular needs or preferences. Some authoring tools allow a teacher or some teachers

working in collaboration to create an ITS for a course, but the tutor still reflects only the
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vision of its designer or designers (Carro, 2001). In ARIALE the Pedagogical Model

and the structure of the curriculum allow teachers to adjust contents according to their
particular goals. The next section explains the Pedagogical Model that our system uses to
teach students and section 4.1.2. describes the Pedagogical Model applied to support

teachers.

The pedagogical approach

Teachers who teach courses related to complex decision-making are usually university
professors or highly qualified practitioners who often do not have the time to create case
studies. In addition, they do not have time to learn how to use software for authoring cases,
and as a consequence, it is difficult to train them to use a particular tool or a Web site. This
is not only a problem for these particular teachers, but one that touches all teachers (Cuneo
et al., 2002). Motivated by these difficulties, we develop an authoring tool and an
intelligent adaptive help system that enable any qualified teacher to create his own course-
work, especially case studies, with minimal programming effort.
Our objective 1s for the teacher to guide students in learning how to apply operators or
actions to transform the initial state of a problem to a new state. The pedagogical model
behind this research was conceived to improve the students’ skills in Network Design. This
model breaks down the study of the decision-making processes into a series of activities
that incorporate game elements to integrate theory and practice in a virtual environment of
challenges and competition, similar to the training of engineers in the subject of Network
Design.
In ARIJALE, we extend the initial pedagogical model of BestNet (Vazquez-Abad et al.,
2001) to support the teaching of complex decision-making. The extension that we propose
incorporates a pedagogical model for the course material to encompass courses in diverse
areas such as medicine, business, engineering, and commerce. In accordance with this
model, we can consider a decision-making process as the transition (T) of a state (S,) to
another (S,+1) provoked by an action (Act):

Sa+1=T(S,Act). (13)

In the context of multiple criteria decision-making, a problem is a decision to be made, for

example, to design a network topology for a bank by taking into account many cnteria,
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such as reliability, the network capacity and number of concentrator. An initial state is a

specific configuration of the network topology and a new state is another configuration that
results from applying an action, such as adding links to the network to improve its
reliability. The new state can be the final design or just an additional step that can be closer
to the final decision. A state 1s the state of a decision-making process.

The syllabus of courses related to complex decision-making is usually composed of a series
of subjects, each one dedicated to the description of how different sub-systems behave as a
function of the actions. For instance, textbooks on Network Design contain a chapter on
network reliability, which are related only to the network connectivity and links
characteristics. Another chapter may deal with capacity allocation, which is a function of
the demand. The decision-making problem related to each subsystem (such as network
reliability) is stated as the problem of finding the best action for each state to optimize the
corresponding performance criteria. Different subsystems focus on different performance
criteria and may emphasize different transition functions. = Mathematically, each
performance:

Fi (S, An) (14)

1s a function (Fy) of the transformation of the state (S,) that focuses on a subset of possible
actions (A,). In the example of Network Design, the reliability (probability that the network
is functional) 1s a performance criterion associated with a mathematical function of the
chosen links that connect the nodes, independent of the traffic demand patterns. When
allocating capacity, the actions represent the capacity of each of the given links, and the
performance 1s expressed in terms of overall utilization. Therefore, each possible action has

N components:

A= (@x(1), 2a(2), ... , 2(N)) (15)

and each of the performance criteria is expressed as a function of the states given a subset

of all the possible decisions:

Fic (Sn, a2 (3)) j €[1,N] (16)
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This model considers a state as a complex system of elements and relationships; thus,

when an element or connection changes as a result of an action or an operation, all the other

components and relations are modified, and the existing state is tumed into a new state.

Mapping the approach to courses

According to this pedagogical model, we developed a curriculum for teaching decision-
making in Network Design. A Curriculum is the sequence of activities and tasks of a course
related to a subject. Our system supports the creation of sessions for teaching multi-criteria
decision-making. We have developed a Web site to support the task of adapting curricula,
and we have included an example of a curriculum for teaching decision-making in Network
Design. Many designers can design courses with a particular number of activities (units or
chapters). The Cumiculum is very flexible because each course Curriculum is just a
structure that the system fills dynamically. The number of activities for courses is flexible--
for example, a professor, let’s say Dr. Warfield, can design a course with eight activities for
teaching decision-making in Network Design, while another professor, in this case Dr.
Vazquez, can design a Network Design course with four activities. The content can be
different, but the parallel structure of each unit or activity is similar.

A course can be implemented by many teachers. The implementation allows each teacher to
adjust the course to his pedagogical goals by creating specific learning sessions. Then, a
teacher can implement the course in a variety of ways by authoring different sessions. Each
session is an instance of the course. The assignation of sessions to groups involves the
assignation to students. A session is like a hypertext that can be represented by an all-
connected graph. The nodes are the activities, and a teacher can go from one to another by
following a sequence, or he can jump from any node to another, according to his interest.
We have not expanded on the aspects related to designer and students because our focus is

the teacher. Figure 4.1. shows the organization of possible curricula.
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Figure 4.1. Structure of different Curricula

From a general schema to specific patterns

A curriculum is also a sequence of activities that allows students to learn how to apply
concepts previously covered in class. It is also a plan which includes the main concepts
used in the decision-making process that the students will master. Each concept maps to an
activity. For every subject, at the end of the sequence of concepts another activity is added
to integrate all the concepts studied in previous activities. It is conceived as a virtual
competition where an underlying simulation of IF-THEN cases is presented to the students
to prompt them to integrate all the concepts according to the teacher’s pedagogical
objectives. For example, in our research, teaching the subject Network Design involves
three main concepts or activities: Realiability, Concentrator Location and Capacity
Allocation. A last additional activity is LAN Design, which integrates the other three
activities. Each activity i1s broken down in three specific tasks for the integration of the

knowledge of a subject. These three tasks implement the pedagogical strategies used for
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teaching in this Pedagogical Model: analysis by comparison, sensitivity analysis and

optimization. As part of a sequence of three tasks, comparison and sensitivity analysis of
cases are the two initial tasks that converge into the third task: optimization. These tasks are
repeated in different activities throughout a course to provide a virtual environment where
students can gradually improve their expertise in making decisions about how to design a
network. The different tasks will be accomplished by following a sequence of steps (Web-
pages) and actions (Rodriguez et al., 2003). Each step is also broken down into a sequence
of actions. An action is a specific decision that the teacher can make while authoring a
learning session in a particular field of a step, for example, clicking to select an option of a
radio button or writing an instruction in a text box. The organization of a curriculum is

depicted in Figure 4.2., and, later, in Table 4.1. 1s an example of the Network Design

c_urriculum.
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Figure 4.2. General organization of a curriculum.

Each activity (except the last, which always consists in the integration of the previous ones)
entails the following three pedagogical strategies:

e Analysis of cases: In the case example, the activity prompts the student to compare

various networks on the basis of reliability, cost, traffic balance, failure scenarios, etc.

The students gradually acquire the expertise to apply particular decision-making
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patterns by comparing and analyzing different aspects related to Network Design

cases. Comparison allows students to notice structural features which are different or
similar among problems of different categories (Gerjets and Scheiter, 2003).

e Modification of cases: Following the same type of example, it is possible to select
actions (delete or add a link) that cause a given change in the reliability of a case. The
modification of a topology is an application of sensitivity analysis, which is a
technique for observing the relative change in a model response (output) if we change
one input at a time (Max and Lynn, 2003).

e Competition: An example of competition is when a teacher asks students to search for
a network topology that meets a specified reliability level. The "winner" is the person
who designs a tdpdlogy with the specified reliability level at minimum cost. The
competition is an optimization process in which each student applies knowledge
leamed in the previous tasks by changing a given network and comparing it with the
goal until achieving a network that fits or is close enough to the goal. As a result,
“from an example structure, learners have to infer concepts that go beyond the
information provided in the examples” (Gerjets and Scheiter, 2003).

As a student progresses, he moves on from the level of competence, passing to the
proficiency level until he reaches the expertise level, according to Payr‘s phases (Payr,
2003) already explained in pages 19 and 20, section 2.1.4. The analysis of cases allows the
student to select and decide between two options through a comparison of the two cases.
This is the phase in which the student acquires competence. After this, the student explores
an environment, modifies it, and arrives at the proficiency phase. During the competition,
the student has to master the process to create solutions. By doing this, he acquires
expertise. This process is repeated with each activity, and each time the student acquires

new schemas or patterns for making decisions, he accumulates more and more expertise.

A detailed example

In page eight of Chapter 1, we describe an example of teaching Network Design by means
of a curriculum with four concepts that map to the correspondent activities. Now, we follow
this example to show what a curriculum is. In our example we have the following activities

to be applied in the decision-making process of designing a network:
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Reliability. In this activity, the goal is to understand the concepts of reliability and

availability, as well as the manner in which the link choices affect overall performance.
Concentrator Location. This activity consists of defining the optimal number and location
of the "concentrators" (central processors storing the bank database). The goal is to place
the concentrators at minimal cost to fulfill the minimum safety requirements for
information backup.

Capacity Allocation. This activity is intended to find the optimal choice of capacity for
each of the links of the given topology. The goal is to allocate capacity per link and define
the optimal routing that minimises cost while satisfying the bandwidth requirements.
Design of a local area network. In this activity, each student has to propose the optimal
design of a network that incorporates all the choices described above (Vazquez-Abad et al.,
2001).

The first three activities correspond to three sub-problems in network design, all of which
can be unequivocally stated as mathematical optimisation problems. These three activities
integrate knowledge from different sources, and the last activity allows the integration of
the three previous activities and methods and heuristics for network design. For example, it
is common to teach mathematical formulations of the reliability independent of the demand
of the network, and the problem of capacity allocation is formulated assuming no link
failures. In real life, however, traffic pattems may affect the probability of link failure, and
link failures may affect the utilization of the network. In addition, a person can learn how to
make decisions about designing a network with a minimum degree of network reliability;
after that he can learn more about the location of concentrators to support an acceptable
degree of network reliability; in a third activity, this person can learn how the assignation of
capacity to different links increase or decrease the network cost. Once he has accumulated
knowledge about network reliability, concentrator location and capacity allocation, he will
apply these three aspects together in the design of a network, a more complex activity that
integrates the previous three. Table 4.1. illustrates the structure of our Network Design

example.
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Table 4.1. Example of the Network Design curriculum.

Network Reliability 1 Comﬁérison of two network configurations
Design 2. Modification of a network configuration
3. Competition to get the best reliability for the network
configuration.
Concentrator 1. Comparison of two allocations of concentrators
Locati 2. Modification of the location and number of the
ocation
concentrators
3. Competition to get the best location for the
concentrators of a network at minimal cost at
minimal risk.
Capacity 1. Companson of two networks with different link
. capacity.
Allocation 2. Modification of the capacity of the links.
3. Competition to get the best capacity allocation for
the network at minimal cost, to satisfy the demand.
LAN Design A single several-stage simulation integrating all aspects of
the previous activities.

As stated by Vazquez-Abad et al. (2001), “using the metaphor of a bank network, each
student is assigned a character role as an Engineer interviewing for a position for chief
network manager. Students are supposed to design a telecommunications network to
connect a series of bank branches. Their mission is to complete a design that will "beat" all
other competitors, by deciding how the various objectives and constraints will be integrated
into a model as well as taking into account other considerations that may not enter

mathematical models directly”.

4.1.2. Helping to teach

Traditional AEH and ITS use a Pedagogical Model that only take into account the strategies
to teach students, but in our case we also use strategies and techniques to support the tasks
that teachers must perform while authoring leaming sessions with ARIALE. Our system

includes three help strategies that are Basic Help, Guidance, and Assistance (Rodriguez et
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al., 2004b). Depending on the teacher’s skills or experience in performing a task, the

system can use one of three types of help strategies.

Basic help is a strategy oriented to provide just-enough contextual help or problem-solving
support. Just-enough contextual help means the system displays only short messages with
the most relevant information related to a specific aspect of the current Web page.
Problem-solving support provides a complete solution for a problem; in our case problem-
solving support is the recommendation of a worked-out example to be reused. Guidance is
intended to supply short information about how to perform a specific task. In a condensed
way, Assistance reminds the teacher about information previously displayed. These
strategies can explain a concept either in brief or in detail, depending on the teacher’s skills
(beginner, intermediate or advanced). We use these strategies to reduce the cognitive load
that teachers may experience while they are authoring an adaptive hypermedia ITS. The
strategies are mapped to help techniques that allow the system to provide adaptive context-
sensitive help. Table 4.2. shows the help strategies and their corresponding help techniques.

Table 4.2. Help strategies and their techniques

Help Strategies | Basic help Guidance Assistance
Help Techniques Definition Demonstration Quick reference
' Introduction Guide Explanation
Hint Tutor e Example
Instance ¢ Description
e Analogy

The techniques of the basic help strategy are the simplest ones in the system, and 1t provides
the easiest contents to novice authors. If the system applies the basic help strategy in a Web
page, one or all of these techniques can be included in the Web page:

e Hint. This is advice that is displayed as a dialogue, and the teacher can accept or
reject the advice. For example, when a Web page to select a session is loaded, a
beginner teacher can receive a hint that recommends a session to reuse or edit. An
example of a text message in a hint is “You have some incomplete sessions. Do

you want to finish the last one?”. If the advice is rejected, ARIALE stores this
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teacher’s answer and use this data for future decisions. The system leamns from

the teacher’s actions and, for example, a different advice can be displayed next
time.

e Definition. This is a short definition of a concept associated with a field. For
example, when the teacher moves the mouse over a “Session” link in the menu, the
system displays a definition of what that link allows the teacher to do: “Edit a
learning session”.

e Introduction. This is an introductory explanation of a concept associated with a
field. In the case of text-based help, this introduction is divided into three
complementary sentences. These sentences are a short introduction; a second
sentence adds more detailed information, and a third one is a long and more
complex sentence with complementary information.

Each sentence is added on demand in a gradual manner. For example, when the
teacher clicks a “MORE” link in a Web page for a first time, the system displays a
sentence with a short introduction about the concept associated with this link. After
a second click, a second sentence will be displayed and so on. An example of a text
for an Introduction related to the criteria to be used in analyzing examples is: “You
might select reliability, availability and cost as the criteria to analyze the example”.

e Instance. Instance is a technique used in problem-solving support to recommend
examples. A particular instance is a worked-out example (of a session) to be reused
or edited. For example, if the teacher accepts a recommended session, the system
loads and displays the recommended session.

With the exception of Instance, the contents used by help techniques are specific resources
(texts, graphics) that the system has to retrieve and integrate in a Web page. The Instance is
a set of instructions and examples that is part of a learning session (a learning session is a
case and the structure of a case is explained in section 2.2.7.).
The techniques used in the Guidance strategy are:
e Demonstration. This is an animation or video that shows the development of a
process or explains a concept. When there are bandwidth restrictions, the system

uses a slideshow that includes static images and text.
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e Guide. This is a brief description of a sequence of steps needed to perform a task

or to explain a concept.
e Tutor. This technique is a more detailed description of a process or a concept,
including examples.
In the case of the strategy Assistance, the corresponding techniques are classified in two
groups: Quick Reference and Explanation. Quick Reference is a short list of topics referring
to a concept or process. The Explanation can be displayed as:
Example. A specific example of a concept or an instruction about a particular aspect.

Analogy. A comparison of two instances to explain their commonalities.

Our system uses these techniques because the most used techniques of classical help (Index,
Find, Content) (Purchase and Worril, 2002) generate many problems that increase the
cognitive overload of users (Capobianco, 2002; Leung, 2001). We decided to include
Instruction, Guide, and Instance and to redefine other techniques to adjust them to the
context of our research. We did not test all the strategies proposed in this section because
we focused on the technique Instance of the strategy Basic help. The design of the
techniques Instance is explained in the next chapter; its implementation, as a part of
ARIALE, is described in chapter six; and the results of testing the generation and

recommendation of an examples or instances are discussed in chapter seven.

4.2. The Teacher Model

In this research, we identified three types of users: designers, implementer teachers, and
students (See Figure 4.1.). The designer organizes the curriculum of a graduate course. He
defines the different activities or units to be taught and their sequence. By implementer
teachers, we mean university professors who are using a Web-based authoring tool to create
courseware for a subject or course prepared by a designer. These teachers may be experts in
the subject, but not necessarily skilled at using Web-tools. The student receives the final
product, which is a virtual environment implemented by the teacher and based on the
course structure provided by the designer. However, the focus of this research is neither on

the designer nor on the student. Our interest is the implementer teacher.
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The teacher is not only a learner

We have adapted the view of the teacher as leamer of new technologies (Brusilovsky and
Schwartz, 1997) to that of a trainee who requires only adaptive contextual help and support
to solve problems, rather than leaming to use the authoring tool in order to be evaluated
(Guzdial, 1999). In this scenario, the teacher’s learning becomes a by-product of the
support that he receives. This is a fundamental characteristic in our research because we do
not see the teacher as a typical student. Rather, we see the teacher as a worker who can

learn while he is on the job.

4.2.1. Our model

In this research, the Teacher Model profiles the characteristics of the teacher according to
his identification, knowledge level, learning style, teaching style, preferences, and history of
previous activities. It is also possible to classify the characteristics accordiﬁg to: cognitive
factors related to the knowledge; interests and skills of the teachers; as well as affective
aspects that imply preferred media for receiving messages, willingness to share and
communicate knowledge, or layout details such as the size of the letter to show running text

on the screen. Table 4.3. shows some examples of each type of aspects.
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 Iype of characteristic

| Cognitive

Affective

Years of experience teaching this

course.

Preference of text, image or video for

receiving help.

Class of the sessions used generally by

Preference for sharing knowledge.

this user (teaching style).

Experience using computers. Acceptance or not of animated

agents.

Concepts most frequently required Layout of a page.

from help.

Language. Preference of media to teach.

Background area of the teacher. Preference for editing existing

SEess1ons.

Modelling the teacher

The Teacher Model is the main source of information that the system uses for making
decisions. Section 2.1.6. discusses general concepts related to the Teacher Model. In this
research, the Teacher Model includes information that comes from the registration process,
the interaction between the teacher and the system, and the examples that teachers use for
teaching decision-making on Network Design. Our Teacher Model organizes teachers’
information in six groups: Background Knowledge, Teaching Styles, Learning Styles,
Preferences, Demographic Information and Performance Statistics. Table 4.4. shows the

groups and type of information included in each one.
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Table 4.4. Classification of teachers’ characteristics.

Previous Knowledge. | o Teachef;; .g..er.x.é.ral b.ac.:l.c.g.r.ound.

Learning style. Preferences for leamning.

Teaching style. Preferences for teaching.

Demographic aspects. Data related to age, gender, etc.

Preferences. Attitude toward sharing examples,
communication, type of help, etc.

Performance using the system. Statistics about the interaction of the teacher
with the system.

The Teacher Model is also a repository of two types of the teacher data: the initial
information (background, preferences, etc.) that forms the Teacher’s Profile, and the history
of his performance and pedagogical decisions, namely the Overlay Model. The information
in the Teacher’s Profile, does not change frequently, such as the teacher identification,
usemname, background knowledge and some preferences. This profile is used for the
initialization of the Teacher Model (the initialization is described in section 4.2.2.). The
Overlay Model changes continuously because it keeps data on the sessions, the times a
specific fragment of text has been accessed, and the teacher’s preferred class of examples.
For example, during the initialization of the Teacher Model for a particular teacher, our
system ARIALE compares the teacher’s data such as the subject to be taught, the teacher’s
background and the expertise in teaching the subject with other teachers’ data. As a result
of that comparison, the teacher is classified in a group of teachers with similar expertise,
background and subject to teach, and the system infers that examples used by the teachers
in the selected group can also be used by the new teacher (See collaborative filtering in
Chapter two, page 34). When the teacher has chosen examples by himself, data related to
those examples that the teacher prefers is stored in the Overlay Model to support future
recommendations of examples. That data allow ARIALE to generate, test and recommend
new examples that matches the teacher’s preferences about examples. Figure 4.3. shows the

components of the Teacher Model.
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Teacher Model
Profile Overlay Model
Background Authoring
Tool access
Demographic history
Preferences Help access
history
General
For teaching Preferred
sessions and
For learning examples

Figure 4.3. The components of the Teacher Model.

Creating a Teacher Model

The creation of the Teacher Model starts in the registration phase, continues with the
creation of a teacher’s profile, and finishes by classifying the teacher as a Beginner,
Intermediate or Advanced teacher. These three categories are based on teachers’
characteristics related to teaching a subject. Our decision of using three categories is based
on the Virvou's esperience (Virvou and Mondridou, 2001; Tsiriga and Virvou, 2002) who

>

used the categories “novice”, “having little experience”, and “experienced” to classify
teachers’ teaching expertise. In fact, we can find two types of teachers: with or without
experience in teaching a subject and in using an authoring tool. But, there is an intermediate
group of teachers who are neither highly skilled nor novice. That is the reason why we
create three categories of teachers. These categories are use to initialize the Teacher Model
as we explain in the next section.

In the registration process, the teacher provides data while filling out specific forms. Some
data identify the teacher and his preferences to guide the system in recommending
examples and help while the teacher has not selected or created a particular leaming session

with defined examples. Other data is related to general preferences such as the interest for
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sharing examples with other teachers. Using other teachers’ information entails aspects

related to privacy and security that are not the focus of this research. We decided to ask
each teacher if he wants or not to share his information and examples with other teachers. If
a teacher accepts to share his information, he is going to know that no more teachers will
know his particular information but some of his data will be used for statistical purposes.
The data collected during the registration refer to:

e Course subject to be taught.

e Background area of the teacher.

o Expertise in teaching a course.

e Number of years teaching a course.

e Level of the course to teach (undergraduate, postgraduate).

e Experience using computers, Web-based technology and our system.

e Interest in communicating and sharing examples with other teachers.

e Preferred media in which to receive help.

e Time available to learn how to use the Web site.

e Total number of students the teacher will teach.

e Language.

e Age.

e Gender.

In general, women and seniors are seen as the “digital have-nots” and that is the reason
because we consider age and gender as two important characteristics of university teachers, too.
In the case of women, Cuneo (Cuneo, 2002) explains that “Gender differences are very small
in North America and some of the Scandinavian countries, but are quite pronounced in other
countries, such as Saudi Arabia...”.

Once a teacher finishes the registration, he receives a username and a password for future
login. Simultaneously, the system creates an initial Teacher Model, one with no statistical
information because he has not authored anything yet. The creation of the initial Teacher
Model involves classifying the teacher in one of the three categories described above, as

explained in the next section.
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4.2.2. Initializing the Teacher Model

The purpose of ARIALE is to recommend sessions and examples that a teacher likes. The
biggest problem that the system faces after a new teacher registers and encounters the
system the first time is how to start recommending examples if the system does not have
enough information about which examples are suitable to him. This is the called “startup
problem” or “cold-start” problem (Schein et al., 2002) and it is a common problem found
when there are not enough data to support a recommendation. In our system, we solved this
“cold-start” problem by recommending examples that some teachers can like (like-minded
teachers). Each new teacher is placed in a group or category of teachers (Beginner,
Intermediate, Advanced) whose characteristics are similar to his. Each group of teachers
conforms a stereotype and a stereotype is a representation of teachers’ characternstics
pertaining to this category. Even if every teacher does not start up with the same knowledge
about the domain being taught, some of them can share similar partial knowledge and other
characteristics. ARIALE assumes that a new teacher can reuse the type of examples most
often used by other teachers in his category. For example, teachers of similar number of
times teaching a Network Design course, who have the same background and experience
teaching the subject, can have similar preferences to use a particular type of examples of
network topologies. Of course, there is a failure risk because they can use different
examples, but we took the risk of failing to start recommending examples, instead of
making a simple random choice or a fix option for every beginner. This assumption is more
likely than a random method because we are taking into account similarities between
teachers rather that assuming they are absolutely different. We assume this position because
there were not many professors teaching this curriculum and the respective statistics to
generate some correlations. In addition, we assume that teachers with similar characteristics
share a teaching style, because in this research there are no statistics between a teacher’s
category and a teacher’s teaching style to establish correlations. This means that the teacher
is assumed to have the teaching style that most teachers in a particular category have (the
generation and recommendation of examples are explained in section 5.4.). If the teacher
does not have that style, he can modify the example provided to teach the system the kind

of examples that he really prefer.
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In our case, ARTIALE chooses a group of teachers as a predictor group of a class of

examples and, examples of that class are recommended. This is an application of
collaborative filtering that uses user-to-user associations based on similar interests, patterns
or characteristics of teachers to group similar teachers to categories. Even if the system fails
matching the teacher’s style, the teacher will receive a worked example to start authoring.
Stereotypes and collaborative filtering are useful when there is not enough information
about a new teacher but the accuracy of the initial Teacher Model 1s low. After the new
teacher authors his first leaming session, the information from the teacher’s category is not
taken into account anymore for recommendations. Over time, as each teacher acquires more
experience using the Web site, teaching the subject and authoring his own leaming sessions
and examples, the system switches from the stereotypes and collaborative filtering to take
into account each teacher’s own examples (See content-based filtering explained in Chapter
two, page 34). With examples created or selected by each teacher, the system can continues
recommending examples with a higher probability of success, in comparison to the method
applied at the beginning or cold-star phase. Using an overlay model and content-based
filtering, the system gets a more accurate personalization of each teacher automatically

(Callan et al, 2003), by monitoring the examples that each teacher uses.

Classifying a new teacher

After the new teacher registers, the system takes his data and classifies the teacher in one of
the existing categories (Beginner, Intermediate, Advanced) by means of a Bayesian
classifier, a common technique in user modeling. Qur system uses a naive Bayesian
classifier to classify teacher’s characteristics and assigns the new teacher to the category in
which the teacher’s data are most suitable. Once the teacher belongs to a category, the most
frequently used class of examples in this category is used to recommend sessions and
examples to the new teacher, as explained in section 5.4.

Naive Bayes classifiers have been used and recommended in adaptive hypermedia (Webb
et al., 2001; Miyahara and Pazzani, 2002) because they reduce the latency between requests
and answers via Internet. Furthermore, a Bayesian classifier does not compare the teacher’s
data with cases in the database as the K-NN classifier would. Instead of this, a Bayesian

classifier keeps a summarized image about the frequency with which different teacher’s
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characteristics appear in the database. This kind of informed search reduces the time

needed to find the most suitable category or class for a teacher.

As explained in section 2.2.7., the Bayesian classifier is a supervised learning method that
requires a training phase. Synthesized data was used for the training phase because there
are not enough teachers teaching our cumriculum. Using synthesized data (see Table 4.6.)
is not an uncommon practice when constructing complete systems (Herlocker et al., 2004)
that apply collaborative filtering. Each of our categonies (beginner, intermediate and
advanced) stores two types of teacher data, Demographic and Background knowledge.
Demographic data is used because there is evidence of the relation between age and gender
and the preferences of university teacher to use information technology (Cuneo et al.,
2002). The data in both types is detailed as follows (we associate each characteristic with a
letter for future identification):

Demographic

A. Age.

B. Gender.

Background

C. Teacher’s self-evaluation of his skill or experience teaching the selected subject.

D. Number of times the teacher has taught this type of course.

E. Teacher’s background discipline or area of expertise.

F. Teacher’s skills using computers.

G. Teacher’s experience using Web-based technology for teaching,

H. Teacher’s experience using this Web site.

An example of a new teacher to be classified can be:

Age=45

Gender = Male (M)

Self-evaluation = Beginner (B)

Times teaching this course = 1

Teacher’s background = Network design (ND)

Teacher’s skills = Medium (M) average

Teacher’s experience using Web-based technology = Never (N)
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Teacher’s experience using this Web site = Never (N)

Generally, people until 30 years have the highest use of Internet, after that the use of
information technology becomes lower with the pass of the time; finally, the period over 55
years age is of very low Intemet use, for example (Cuneo, 2002). We have defined these
rules that organize data about age in three ranges:

If teacher’s age < 30, then his age range is 1.

If teacher’s age > 30 AND < 55, then his age range is 2.

If teacher’s age > 55, then his age range is 3.

This new teacher’s characteristics are summarized as follows in Table 4.5.:

Table 4.5. A new teacher’s attributes and values.

Teachers’ Characteristics
Teachers A B C D E F G Class
A new 2 M B 1 ND M N N ?

teacher £’

s

This example has to be classified in one of the three categories. A set of training examples
is shown in Table 4.6., and Table 4.7. includes the values that the system uses for the

different attributes.



—
P
|

Table 4.6. A training dataset.

A B C |D |E F |G |H |Class
3|F I 1{ND A |N S Beginner
3INA |I 2| DM H |S S Beginner
3l M |B 2|ND L N S Beginner
3;tM (I 1{DM A |S N |Begmner
3|F B 2|DM A |S O (Begmner
3INA |1 3| DM L O [N |Beginner
3lM [B 1|DM A |O N |Beginner
3|F B 3{0 L 0] O |[Beginner
3|F I 1{ND H |0 S Beginner
1M I 3{ND H |S S Intermediate
1[NA |I 1{0 H [N |O |Intermediate
1{NA |B 210 A (0] N |Intermediate
1M |B 3{ND A 0] O  |Intermediate
1{NA |B 310 H |0 |S Intermediate
1|N A 110 A S O |Intermediate
2|F I 3|0 H |S O | Advanced
2INA |1 2|ND L N S Advanced
2|F A 3| DM L O [N [Advanced
2|F A 1{0 H |S S Advanced
2IM |1 2{ND H |S S Advanced
Table 4.7. Possible values for the different attributes.
A B C |D |E F |G |H |Class
1|F B 1|ND L N |N |Beginner
2IM |1 2| DM A |[S S Intermediate
N |A 310 H |0 O |Advanced

The meaning of the values in Table 4.7. are

Forage

1= teacher’s age < 30

2= teacher’s age > 30 AND < 55

3=teacher’s age > 55
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For gender
F= female
M= male
NA= not available
For teacher’s self-evaluation
B= beginner
I= intermediate
A= advanced
For times teaching a course
1= never
2=1 to 5 times
3= more than 5 times
For teacher’s background discipline
DM= decision-making
ND= network design
. O= other
For teacher’s skills using computers
L=low
A= average
H= high
For teacher’s experience using Web-based technology
N=never
S= sometimes
O= often
For teacher’s experience using the Web site
N=never
S= sometimes

O=often

With these training dataset, it is possible to apply equation (11)

P(a,, |V,-)= ne+mp

n+m
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where:

. a;is the value of each attribute a; tested for each class v; For example, an instance of
a,can be 2.

e n is the total number of instances in each class v, In this case of class Beginner, n
=9,

e n. is the number of instances with attribute a; and class v, This is the number of
times that the value of the attribute a; appears in each class v, For example, the
value “M” appears one time in the Advanced category, in this case n, = 1.

e pis a priori estimate for P(av)). We assume that the probabilities of all attributes
are equiprobable and each attribute can have three possible values and p = 1/3.

e m is a constant used to avoid the possible consequences that could arise if n. =0 (in
this case the calculation would be zero). We use m = 8 as a constant because we

have eight attributes in the examples of our training dataset.

After the calculation of the probabilities of each attribute, we apply equation (10) adapted

to this example:

WE) = 28X ol T P(afv,) (10)

v, e{B,I,A} ;

the result is as follows:

Class Probability

Beginner 0,0002572241
Intermediate 0,0000351170
Advanced 0,0000061686

Consequently, the new teacher is classified in the category “Beginner” because the
classifier predicts that this class has the highest probability for this teacher. Once the
teacher is classified, the system has new information with which to support the teacher with
help and recommend sessions and examples. Chapter four explains the contribution of our

research related to recommendation and help.
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The algorithm to initialize the teacher’s skills and teaching style is a key process that

allows the system to start working, as follows:

Procedure Initialize Teacher Model () {
Retrieve Demographic and Background indicators from the teacher’s profile
Classify indicators in the most suitable category of teachers (Bayes classifier)
Assign the skills level of the category to the new teacher
Retrieve the most frequently used class of examples in the category
Assign this class to the new teacher

IF there are some data missing in the teacher’s profile THEN
Replace missing data from the assigned category

Detect teacher’s preferences
Initialize the teacher’s overlay model (history statistics)
Initialize first plan to perform

The teaching style

Teachers work in different manners and they have particular tendencies in teaching, for
example formal authoritarian, demonstrative, suggestive, facilitative, collaborative,
delegative (Grasha, 1996). According to Cristea and Garzotto (2004), a teaching style can
be problem solving, case-based, progressive, sequential and others. While there 1s not a
particular definition, a teaching style can be described by the teaching methods that a
teacher uses, for example, his personal characteristics, the way in which a group of teachers
deals with some type of subjects, or the general patterns of classroom behaviour, such as
audiovisual or text based pedagogical strategies, examples, simulations, demonstrations and
group work used to teach. Then, this data can be included in a Teacher Model that stores
the teaching style in terms of the demonstrative, case-based, and audiovisual methods and
the characteristics of the examples that a teacher uses. The data stored in the Teacher Model
can be used as a basis to chose and recommend examples which characteristics are similar
to the characteristics of the examples that a teacher uses.

Our definition of teaching style takes into account aspects such as the class of examples
that the teacher uses for teaching. For example, if a teacher uses topologies of high
reliability and low cost, these networks can be classified in a particular class, and so the
teaching style of this teacher will be associated with this class. This is our focus in model

the teacher expertise in teaching a subject. In addition, we establish that a teacher classified
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in a category has a similar teaching style to that of other teachers in the same category.

This is a representation of the teaching style of a category. ARIALE takes into account the
teaching style information in the Teacher Model to recommend examples that can be useful

for a particular teacher (recommendation is explained in chapter 5).

Updating the teacher model

This initial Teacher Model allows the teacher to start using the Web site, but when the
teacher interacts with the system, it will update the Teacher Model according to the new
data related to this interaction. In this way, the profiled information is complemented by the
statistical information about the teacher’s performance. The system collects data related to
his performance while monitoring the teacher-system interaction. These data refer only to
pertinent variables that the system uses to make decisions in adapting recommendations and
help. Variables that the system monitors are the first access to the Web site, the last page
accessed and the number of tasks the teacher has done, the sessions he has authored or is
authoring, the contents (examples, instructions) that the teacher includes in each session,
and the number of times that he has accessed each help concept while authoring a task. This
model also keeps information about the class of examples most frequently used by the
teacher. With the information about interaction, the system creates an overlay model which
keeps track of this interaction. Information from the user interaction is monitored by an
interface agent, and the corresponding data is inserted in the overlay model when the
system updates the Teacher Model, for example, each time a Web page is unloaded. When
a Web page is loaded, the counter of this Web page in the overlay model increases to reflect
that the teacher’s experience level has increased. When the teacher is authoring a task in a
Web page, an interface agent in the client-side monitors the activity (accesses to specific
fields), and increases the counter of each help concept accessed to reflect a more detailed
change in the teacher’s experience level.

By using the overlay model that stores the teacher’s levels of experience for the different
task, the system adapts to the teacher as he progresses from beginner to advanced user. The
user can work with the authoring tool, access help and information, and the system will
record that interaction. The teacher’s level of experience using the tool is measured by the
number of times he has done a task, and the number of times he has accessed each topic of

help related to this task. According to the teacher’s history of interaction, the system will
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provide him with different support as his experience increases (Chapter five gives details

related to problem-solving support and leaming support). The following algorithm
describes the process used to update the Teacher Model in the server side when a Web page

is unloaded:

Procedure Update Teacher Model (){
Send information about interaction to the server side
Update teacher’s overlay model (history statistics)
Generate a new plan to follow
IF a session is finished THEN
Update the teacher’s teaching style
Update the teacher's category
}

4.2.3. Applications of a Teacher Model

According to Encarnagio (1997), a Teacher Model, in general, can be used to determine
current context, for example, the page where the teacher is authoring a task. A particular
application of the Teacher Model is goal recognition and action prediction, which allow the
system to define the sequence of tasks and steps that a teacher must follow (Encarnagio and
Stoev, 1999). Virvou and Mondridou (2002) apply the Teacher Model to personalize help,
adapt the system to users, and notify them about new examples in the system knowledge-
base.

In our research, the system uses information from the Teacher Model to determine the
teacher’s expertise, make decisions about updating the teacher’s style, selecting the class of
examples to recommend, choosing the content and media to provide help according to the
working context and teacher expertise, or detecting the plan (sequence of steps in a task)
that the teacher might follow. The main function of our Teacher Model is to allow the
system to adapt to different teaching styles in order to recommend appropriate examples.
Information in the Teacher Model is also applied to provide appropriate help according to
teachers’ attributes. For example, information in the Teacher Model allows ARIALE to
recommend some network topologies and select the right information and format for help
messages. The next sections describe two applications of the Teacher Model: the use of the

Teacher Model to manage the teachers’ teaching styles, and the application of the Teacher
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Model in plan recognition. Section 5.2. explains the use of data stored in the Teacher

Model in the core of our work: how our system recommends examples and provides help.

Application in Teacher’s Teaching Style

In ARIALE, a teaching style is the class of examples that a teacher prefers to use. When the
Teacher Model of a teacher is initialized, the style of his category is assigned to him. After
a while, however, this original teacher’s teaching style can change. This idea of changing is
presented in other research related to recommendation (Koychev, 2002; Billsus and
Pazzani, 1999). As a consequence, a question to answer is how the system can adapt to this
change and learn the new teacher’s teaching style. These changes in the teacher’s teaching
style are updated in the corresponding Teacher Model and, doing this, the system also
learns a particular teaching style. This style is deduced from the examples that the teacher
includes most frequently in his learning sessions.

The examples used by the teacher illustrate the way he thinks and the way he teaches. This
information delineates his knowledge (expertise) about teaching the subject. If the teacher
changes this preference, the system has to learn this change in order to adapt and provide
appropriate support. A teacher’s style changes when the most frequent class of example
used by that teacher changes. The focus is on his current style, not on his global style,
because the objective is to reflect the teacher’s latest tendency. For instance, if a teacher has
three sessions classified as “class 2”, and then starts creating a session with examples from
“class 4” and accumulates four sessions with this class, the style will automatically change
from “class 2” to “class 4”. After recognizing a change in the teacher’s style, the system
will recommend sessions that contain examples matching the new style.

Each time a teacher finishes a session, the system updates the information about the most
frequently used class of examples in the corresponding category. For example, in the
category “Beginner”, most teachers prefer examples from the class of example 1; thus, the
teaching style of this category is class 1. The following algorithm shows the process that
updates the teaching style:
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Procedure Updating Teaching Style (){

IF a session is finished THEN
Classify the index example of the session
Increase the teacher’s counter for the selected class of example
IF the current teacher's preferred class == the class of the last classified session
THEN
Do not update the teacher’s preferred class
ELSIF teacher's preferred class counter < the teacher's counter for the last selected
class of example THEN
teacher's preferred class = the last selected class of example
Increase the counter of the same selected class of example in his category
IF the current teacher’s preferred class == the class of his category THEN
Do not update the category class
ELSIF the current category class counter < the counter of the same selected class
of example in his category THEN

current category class counter = the same class of example that the
teacher had selected.

}

Every time this algorithm is executed, the system might acquire new knowledge about the
teaching style of the teacher and his category. This method is important because it
recognizes that a teaching style is not determined by an initial diagnosis, but rather that this

style is dynamic and evolves over time.

Plans

A fundamental aspect for the recommentation of examples and the adaptive help is the
recognition of the plan that the teacher must perform and the comesponding plan
representation. We apply a Keyhole plan recognition (Wam and Stenborg, 1995) that
assumes teachers are indifferent to the plan-recognition process and requires less complex
recognition mechanisms. Our representation of a teacher’s plan in the Teacher Model
allows the system to find appropriate help associated with each field in a Web page. In our
plan representation, each teacher’s plan and each activity, task and step are represented in
the Teacher Model by a simple code made up of an eight-character string. We structured
this code as follows: two characters represent the Curriculum, two characters are for the
activity, the next character is for the task, and the following for the step, and the last two
represent a field. Examples of the representation of the Curriculum of Network Design are
shown in Table. 4.8. These examples detail the representation of a Network Design course
as 01000000; the Reliability activity of this course as 01010000; a step of a task of this
activity as 01011100; and, the first field of this step is represented by 01011101.
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Table 4.8. The representation of a plan.

Course | Activity Step | Field |Meaning
01 00 00 00 Network
(Course 01 is not a specific Web page)
01 00 10 01 Session number 1
(Step 10 is used for Session numbers)
01 00 01 00 Session Step
(Step 01 is for Session selection page)
01 00 01 01 Field 1 in Session Web page
01 01 00 00 Reliability activity
(it is an activity, not a Web page)
01 01 11 00 Reliability activity, Task1, Stepl
(just a Web page)
01 01 11 01 Reliability activity, Taskl, Stepl, Fieldl (a
field)

Each eight-character code identifies a plan or part of a plan and allows the system to store
data related to each activity, task, step, and field (Rodriguez et al., 2004b). The code
identifies a record in the table of a database, which includes other data associated with this
identification. For example, the code allows the system to identify each field of each page
and to store statistics on the accesses to the help in each field. The date of creation or
modification of a step can also be stored. When the teacher is following a sequence of steps
to create a learning session, this plan representation allows the system to know the last step
that the teacher authored to define the next step for the authoring tool. Information related
to the next step supports the selection of help resources. If the teacher quits the sequence
and jumps to other step, the system will use the plan representation of this new step to
make decisions on recommending examples and selecting help. To recommend examples
according to the current task (step), the generator and the recommender also take into
account the information of the plan. ARIALE uses plan representation and other

information in the Teacher Model to support its decisions.

4.3. Conclusion

In this chapter, we described the Pedagogical Model and the Teacher Model that ARIALE
uses. Different to classic ITS and AEH that only have a pedagogical approach to teach a
subject, our Pedagogical Model includes a part for students and other for teachers. In the
section related to the Pedagogical Model, we gave details about a particular method and its
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strategies designed to teach decision-making expertise to students. According to the

method cited previously, learning decision-making skills can start from simple tasks of
increasing complexity that iterates until the leamer acquires a certain degree of expertise.
During this process the learner acquires partial patterns or schemas about decision-making,
and gradually masters a very complex schema or expertise about a subject. We also
described the strategies and techniques used to support teachers while they are authoring
leaming sessions. We propose help techniques that are different from traditional help
because classic help techniques increase the cognitive load of people working with an
application.

In the section devoted to the Teacher Model, we modelled the characteristics of a human
teacher and his teaching style (type of examples that he uses most frequently). This model
also includes information about his background, preferences, and progress in interacting
with the system. A probabilistic method used to infer the teaching style of a new teacher,
whether the system does not have any information about him and he needs to start using the
system. Instead of using a static Teacher Model, ARTALE includes an evolving model that
is applied to track the changes of the teacher’s teaching styles. We also designed other
applications of the Teacher Model to support teachers in authoring learning sessions by
means of our system. The recommendation of cases and other types of help depends on the
information contained in the Teacher Model. The next chapter deals with generation, test

and recommendation of examples, and other types of support for teachers as well.
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Chapter 5. Support for teachers

Summary: this chapter describes the methods that our system ARIALE (Authoring
Resources for Implementing Adaptive Learning Environments) uses to adapt support to
the teacher’s teaching style, attributes and plans. A first section explains the methods for
problem-solving support that include the automatic generation and test of topologies, the
recommendation of topologies and sessions, and how ARIALE leamns the type of
examples that each teacher prefers. The generation and test of topologies are based on a
probabilistic model, and the recommendation is based on Bayesian learning and on
case-based reasoning. Bayesian learning is a kind of classification learning technique of
artificial intelligence that uses probabilities. This chapter also defines the design of the
learning support that complements the problem-solving support to reduce cognitive
overload problems caused by traditional help techniques.

5.1. Complementary methods

While the application of intelligence or adaptation in help, namely desktop on-line help,
Web-based help, on-line documentation or any help system, is not commonly used, the
use of artificial intelligence techniques for adaptation in help systems is not frequent
(Delisle and Moulin, 2002). Thus, we designed an intelligent help system that uses
artificial intelligence techniques to provide Web-based help for teachers using our
authoring tool. This system applies knowledge base adaptation to profit the evolving
data collected from the interaction between teachers and ARIALE. Our assistant,
ARIALE, helps teachers with problem-solving support and learning support. Both types
of support addresses the critical teachers” problems studied in this research. This chapter
presents the general design of our intelligent help system that involves the
recommendation of learning sessions and examples, explained in section 5.2, as the
most important of the help techniques studied in this research. This technique is an
implementation of problem-solving support and recommends topologies that the teacher
can include in his teaching, when he does not have enough time to create an example
from scratch. The learning support that we designed gives a frame of adaptive and

context-sensitive help for the interaction between ARIALE and the teachers. Learning
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support is a way to help teachers who do not have enough time to leamn the use of a

particular tool. Section 5.3 refers to the role of this type of support in this research.

5.2. Providing examples

In this section we answer one of the main questions formulated in the introduction of this
dissertation (chapter one): How can the system generate and recommend examples to
support teaching decision-making?

While a teacher is authoring a session, he has to include examples that students will
analyze. The teacher can create examples from scratch, or he can reuse some of his own old
examples or he can receive examples recommended by the system to save time. In this
section we explain how the system generates, tests and recommend examples that teacher
can reuse to save time when he does not have enough time to create examples from scratch_.
Recommending examples is a help technique that 1s part of an intelligent help system that
supports teachers while they are authoring learning sessions.

According to the approach of our system for teaching Network Design, an example is a

network topology with different number and types of links, no more than seven nodes, no

_ more than 20 links and three basic measures of performance (reliability, capacity and cost).

Figure 5.1. shows an instance of a network topology with 17 links. The structure and
representation of a topology and the calculation of the measures of performance are
explained in the next section. A subsequent section will explain how the system generates

and recommends topologies.



96
Figure 5.1. An example of a topology.
5.2.1. A topology representation
In ARIALE, we define a topology as a non-directed graph
G=(N,L) (14)

Where
N is a set of vertices (nodes) N = {my,ny,... ng}

L is the set of edges (links) joining pairs of vertices L = {I1,h5,...1n}

The system represents graphs by an adjacency list (Shaffer, 1998). The adjacency list is
structured as an array of some lists of vertices where the list 7 includes the vertex j, if there
is an edge linking the vertex i to the vertex j. Each adjacent vertex j keeps a vector of
attributes (z,e) that contains data about the linked node (e¢) and the values assigned to the
corresponding link (f) between this adjacent vertex j and the corresponding vertex i. Figure
5.2. shows the representation of a network topology. In Figure 5.2., we can see a list of
seven nodes that is represented vertically and for each node there is another horizontal list
with the nodes to which it is linked. Each node in the horizontal list has a vector of a data
with its type of node (¢) and the type of link between this node and the node in the vertical
list.
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Figure 5.2. An adjacency list representing a topology.

Representation of nodes

Then a node can be represented as

ne=(e) (15)

where
ny 1s a particular node

e is a type of node

A type of node is defined as the set of attributes
e=(s,hxy) (16)
where
s is an identification number
h is the role of the node (branch or concentrator)
x is the vertical coordinate of the node location on the screen
y is the horizontal coordinate of the node location on the screen
For example, a node can have the following attribute values
s=2
h = concentrator
x=1,8
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y=0,2

and they mean that the node number 2 is a bank concentrator located in the coordinates

X,y.

Basic representation of links

Each link has some attributes that depend on the type of link assigned. For example, two
nodes can be connected by a coaxial link. In this case “coaxial” is the type of link, and this
type has default attributes such as cost, distance, capacity and reliability that are defined by

the designer of the curriculum. We define a link as

Ly=(0) (17)

where
i1s anode
J 1s a linked neighbour node
t is the type of hink
For example, between nodes i = 2 and j = 5 there could be a coaxial link (¢ = coaxial)
A link type is defined as the set of attributes
t=(d kw) (18)
where
d is the distance that the type of link can cover
k is the cost per unit of measure of each medium of transmission
w is the capacity of each link to transmit data. Usually, this information is given in
megabites per second (Mbps).
For example, the type coaxial can have a 28-unit distance and each unit can have a cost of
150. The capacity can be 100 Mbps.

Extended representation of links

A teacher can add more attributes to a type of link and, in this case, the representation of a

specific link can be

t=(dkw, g1.82,...87 (19)

where
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g1,22,...n are personalized attributes added by the teacher, and

the other attributes are similar to equation (18).

An example of an additional attribute can be the maintenance cost.

Because the designer of a curriculum defines default types of links and the corresponding
attributes for each type of link, it is not mandatory for an implementer teacher to define
each default type of link, but he can change the values of each attribute. The designer also
defines the values for the different attributes. In this case, the designer of the curriculum for
teaching decision-making skills defined six types of links that each topology can use. Each
type of link has some default attributes.

Cost. This is the cost per unit of distance of each medium of transmission. For example, the
price of a meter of twisted pair is cheaper that the price of a meter of fiber optics.

Distance. This is the distance to be covered by a medium of transmission. For example, a
satellite type of link is supposed to cover more distance, in kilometers, than an infrared
connection, which could cover a few meters.

Capacity. The bandwidth capacity for a type of link. For example, a modem-based
connection can work with a rate of 56 Kbps and a twisted pair link can have a bandwidth of
100 Mbps.

Defining a topology
Because each link L, between two nodes has different attributes, it is possible to model a
topology a as the list of all the vectors of attributes related to each link. In this definition,
we take into account only the default attributes provided by the designer of the Network
Design curriculum, as shown in the next equation:

a={L;= (1)} (20)
where
a is the topology
Lj is each link connecting node i to node j

t is the assigned type of link.

As a consequence, any topology in our system will be represented according to this
definition, and the measures of performance of each topology will be based on the values of

the different link attributes.
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5.2.2. Assignation of values for network components

This system uses nominal values to represent a range of possible discrete values for each
link attribute. Table 5.1. shows the default values for the six types of links used in the

Network Design curriculum.

Table 5.1. Default values for types of links.

Types of link Nominal values for the default attributes
Cost Distance Capacity

Twisted Low medium low
Coaxial Low medium medum
Fiber High long high
Infrared medium short low
Microwave High short low
Satellite High long high

Based on this table, it is possible to represent each type of link as a vector of pairs attribute/value, as
follows:

L;; = <Cost/high, Capacity/high, Distance/long>

An actual link can be represented as a vector of pairs attribute/value, for example:

Fiber = <Cost/high, Capacity/high, Distance/long>

Depending on the type of link, each nominal value maps to a numeric value. These numeric
values make possible the easy calculation of some measures of performance (global values)
of a network, such as cost. Table 5.2. maps nominal values to numeric values and Table
53. shows the static distance that ARIALE uses to calculate the cost of each link. To build
this table, we took into account the values for costs and capacity that we found in some
suppliers of transmission media in different Web-sites in Internet and we created a

fictitious range conserving the ratio between different values for each type of link.



Table 5.2. Default numeric values for types of links.

Types of ink | Numeric values for the default attributes :
Cost for unit of measure Capacity of each type of

link

Twisted 150 10

Coaxial 150 100

Fiber 1800 5000

Infrared 200* 4

Microwave 600* 10

Satellite 3500* 2000

The costs marked with * do not dependent on the distance of the link because they are

defined for a unit of time, let us say, a year-long contract for rental.

Table 5.3. Distance of each one of the 21 possible links of a topology.

Link

Distance in units of measure

Start node

End node

9

21

32

31

22

10

11

27

28

25

16

22

25

29

24

4

19

27

16

sl als|wiww]wliro]tofro it tolh— ] | ] | [ —

24

~H VN[N n| &S| DN R W N[N 0N R WIN

12

A teacher can link two nodes with any of the six types of links available, and default
attributes and values of the selected type will be assigned to the actual link between the two
nodes. In section 5.2.6.3 we detail the method used to assign types of links when the

teacher asks the system to generate a topology.
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5.2.3. Measures of performance of a network

As a pedagogical rule, we are using seven-node topologies because analysing larger
network models could be a very time-consuming task. Vazquez-Abad et al. (2001) maintain
that “a seven-node network is large enough that the main concepts and ideas can be
illustrated and small enough to keep a reasonable time pace”. In our topologies, the seven
nodes always have the same position, and they are all connected by links of different types
of media transmission, namely coaxial, satellite, or infrared, for example. There could be up
to 21 links connecting the seven nodes, but we are not using all-connected or complete
graphs because they are unrealistic, never used in real life and do not impose challenges or
problems to be solved by students. Each node represents one branch of a bank network as
explained in the Pedagogical Model (chapter four). A red node represents a concentrator. A
topology also has a background, usually a map of the city where the network is placed.

Because each link between nodes has attributes and values, the editor calculates global
network values or measures of performance of the network, based on the value assigned to
each link. ARTALE calculates some measures of performance that are only indicators used
to distinguish some topologies from others. For example, the capacity of a network is
measured as the minimum bandwidth of a link, but our system takes into account the
bandwidth of all the links in order to get a more general idea of the characteristics of each
network. We are using some of the measures of performance for the characterization of
computer networks proposed by Pierre and Gharbi (2001). These measures are cost,
capacity, number of links and reliability. For example, each link has a cost and a distance
value and the system uses these values to calculate the global cost of the network. The
global cost is the result of the summation of the multiplication of the corresponding cost by
each link distance. Then, we can affirm that measures of performance (global values) are
functions of the values of the attributes of the links in a topology. For example, given a

network topology a, there are some functions of performance Fi(a) to calculate its
measures of performance:

FiVie {ln}

For example, Fi(cost, a) is the function of performance “network cost”.

If Fi(cost, @) is the global cost of the network a, then an instance of global cost can be

Fi(cost, a) = High. A generalization of this example is
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F{(m,a) € {Low, Medium, High} 21)
where
F; is a particular function that calculates a measure of performance
a is any topology
m is a particular measure and

Low, Medium and High are the values that the function F; can return.

Cost

As said before, the system also calculates numeric global values in order to get the
measures of performance of the topology. The default values of the attributes of each type
of link are defined by the designer of the course. For instance, the function that calculates
the global cost of a network is:

F(cost,a) = i(cgd) @2)

£=1 /

where
d is the distance covered by the link / between two nodes
c; is the cost per unit of measure of each medium of transmission of each link

m is the number of links in the network

Capacity
Capacity is the summation of the bandwidth of each link

Fy(capacity, a) = ib, (23)
=1

where

T is the capacity of the network

B; is the default bandwidth for a type of link
m is the number of links in the topology

We are aware that the capacity of a network is defined by the minimum bandwidth of its
links, but in this case we are using the summation not as a precise measure but rather as an

indicator of the general dimension of the network.
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Number of links

The total number of links is another global indicator that identifies a network. In our
system, there are networks that have from seven to 20 links. A seven-links network is a
typical ring and a 20-link network is a high reliability network (we do not use all the 21
possible links and we do not use more than one link between each pair of nodes). Formally,

the computation of the number of links is done by the following equation (24)
20
Fy(links,a) = Y I, @4
=1

where

1, is each existing link of the 20 possible that each network can have.

Reliability

In this research, we define reliability as the probability that the network is functional
because all the nodes of the network are connected by operational links. This means a
network is reliable if it can continue functioning although some node or link fails, and this
definition is linked to the concept of connectivity (Pierre and Gharbi, 2001; Pierre and
Elgibaoui, 1997). We are using connectivity degree as an indicator of network reliability in
terms of “the minimum number K of disjoint routes over all the node pairs” (Pierre, 1998).
A network is 2-connected (k = 2) if between each pair of nodes there are at least two
disjoint paths. A network is 5-connected (k = 5) if between each node pair there are at least
five disjoint paths. In Network Design, the minimal acceptable k-connectivity is k = 2 and
a high degree of connectivity (reliability) is £ = 5. In order to calculate the k-connectivity,

we have applied the Ford-Fulkerson algorithm as proposed by Obraczka et al. (1997):

Procedure Check_feasibility (topology)

fornodes A;, 1 <=i<=k

{

for every other node B

{

if ( disjoint_paths(A;, B) <k )
then relum(FALSE).

}

}
return(TRUE).
}
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Procedure disjoint_paths(G, s, t)
{
initialize residual network R to graph G.
while there exists aflow ffromsto tin R
{
extractffrom R.
number_of paths++.
}
return paths.
}

This algorithm calculates the number of disjoint paths between each pair of nodes in a

graph, and then it is only necessary to identify the pair with the minimum number of

disjoint paths to detect the k-connectivity of the network. Finally, we can say that
Fy(realiability, a) = k-connectivity (25)

5.2.4. Examples and counter-examples

An example is a topology to be studied alone in tasks 2 or 3, according to our pedagogical
model (section 4.1.1. describes the different tasks). Given an example A, a counter-
example is another topology B that must be compared to A, in task 1. Both examples and
counter-examples have the same number of nodes. Examples are topologies that have
equivalent measures of performance; the number of link can or not be the same. Equivalent
examples are classified in the same class. Given an example, a counter-example is another
topology classified in the same class, which has measures of performance that are also
equivalent to the given example, but the number of links has to be different. Note that an
example can play the role of “counter-example”. The topology A in Figure 5.3. 1s a
network that can be used alone as an example in tasks 2, and the topology B (see also
Figure 5.3.) can be used as another different example in task 3. In tasks 2 and 3 each
topology is displayed as a single example of a network. However, if a teacher wants to use
the topology A in task 1, then the topology B can play the role of counter-example because
they are in the same class but have different number of links. As a consequence, ARIALE
might recommend the topology B as an example for tasks 2 or 3, and as a counter-example
in task 1. Table 5.4.
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Table 5.4. Measures of performance of network topologies A and B

Measures Y
Reliability 3
Capacity 17258 (Medium) 16134 (Medium)
Cost 128400 (Medium) 122450 (Medium)
Number of links 14 11

A B

Figure 5.3. Two topologies that can be an example (A) and its counter-example B.

The creation of examples and counter-examples is a time-consuming task for teachers; as a
consequence, our system supports teachers in two ways by:

e Providing tools and resources to create examples

e Recommending examples to be edited or reused.
This last type of help offers learning sessions that the teacher can reuse instead of starting
from scratch. For example, when a beginner teacher, who has never authored a learning
session, starts using the authoring tool, the system offers an existing learning session to
reuse. If the teacher does not like the session that the system recommends, the system
provides additional tools and resources for authoring examples that will be part of the
session.
In the next sections, we explain how a leamning session is composed of examples, as well as

how the generation and the recommendation of sessions and examples is performed.
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5.2.5. Session and examples

As we explain in chapter four, a session is a sequence of steps authored by an implementer
teacher. While a teacher is authoring a session, he includes the examples he wants the
students to analyze.

Depending on each task, the definition of an example is different. In the case of task 1, an
example is the set of an example and its counter-example. In task 1, the teacher has to
author the comparison of a given topology with another one. Both topologies must have
equivalent measures of performance, but a different number of links. In task 1, the teacher
has to create the example and the counter-example. The teacher has to configure each
topology (example and counter-example) by defining links between nodes and the location
of the network concentrator. The role of the system is to suggest examples and counter-
examples in order to save teacher’s time.

For task 2, an example is a topology that uses only one type of link. In the first step of this
task, the teacher has to create the example of the topology by assigning the same type of
link to each connection between nodes. He can create a new topology or reuse the topology
of one of the examples used in task 1. After that, the teacher writes an instruction asking the
student to add or delete a link, change the position of the concentrator or change the
capacity of a connection between two nodes in order to visualize the effects of the changes.
In a second step, the teacher reuses the example of step 1 and asks students to execute an
action that increases a network measure of performance. For example, the teacher can write
an instruction asking students to add any link that improves the reliability of the network.

In task 3, the example is just a topology that the teacher has to create. Of course, he can
reuse a topology from previous tasks. In addition, the teacher has to specify the goal that
students have to achieve. For example, the teacher can propose a certain global cost be
achieved and, in order to get this goal, the students have to change links, move the
concentrator to different locations or vary the capacity of some links.

In conclusion, a session is also the set of all the examples and counter-examples used in the
different tasks of the different activities of a particular curriculum.

A teacher can use two examples in Task 1, and he can reuse one of these examples in Task

2 and 3. Of course, a teacher could use different examples in each task, so a learning
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session will need anywhere from two to five examples. Each session is a set of

examples and counter-examples that reflect the teaching style of its author.

5.2.6. A recommender

This section explains how the system recommends sessions and examples. Our system has
a recommendation module that solves the following problems:
e How does the system guess which sessions and examples might be useful for the
teacher if he has not done a session or example?
e How can the potential cognitive overload be reduced for a teacher if examples are

filtered for recommendation?

5.2.7. Classes

According to this research, recommendation is based on the classification of examples that
the teacher uses in teaching decision-making skills. As a consequence, the designer of the
course has to define the classes that the Bayesian classifier requires to place each new
example in the respective class. In our case of Network Design, our classes are based on the
characterization of computer networks proposed by Pierre and Gharbi (2001). According to
this characterization, response time, reliability, availability and cost are some of the most
usual indices for measuring the performance of a network. We decided to use reliability,
capacity, cost and number of lines as the four indices to represent and classify networks in
our system. The calculation of these indices was explained in section 5.2.3 and the process
to classify examples is explained in the next sections. Here, we define the classes and the
criteria used to create them.

Each class includes examples with indicators that are the measures of performance of each
topology and the number of links connecting the nodes of a topology. According to the
values assigned to each type of link (see section 5.2.2.) and by applying the equations also
explained in that section, we obtain the values corresponding to the measures of
performance capacity, cost, reliability and the number of links. Some examples of measures
of performance are shown in Table 5.5. Because the measures of performance related to
capacity and cost are too varied, we decided to group each one in three categories (High,

Medium, Low). These categories allow the classifier to deal with fewer possibilities (high
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dimension). Table 5.6. shows a conversion table from numeric values to nominal

values in the cases of cost and capacity measures of performance.

Table 5.5. Examples of measures of performance of some topologies.

Reliability (R) Number of links (L) Capacity (Ca) | Cost (Co)
2 7 11014 67100
2 10 19492 174100
5 20 7590 56100
4 16 16154 91200
3 11 16134 122450
3 15 33128 227850

Table 5.6. Details of the categories of measures of performance capacity and cost and the

ranges of their values.

: Nwmnalvabws = g o s iR
High capacity | Higher than 3000
Medium capacity 10001 kbsp 30000 kbsp
Low capacity 0 kbsp 10000 kbsp
High cost 200001 units 400000 units
Medium cost 100001 units 200000 units
Low cost 0 units 100000 units

Using the nominal values detailed in Table 5.6., ARIALE uses six classes to classify
examples of network topologies. We defined the six classes on the basis of an analysis of
the empirical distribution of 200 topologies that our system generated automatically. This
analysis was based on the previously cited characterization of computer networks (Pierre
and Gharbi 2001) and on the advice of the expert in network design, Dr. Samuel Pierre,
professor of the Fcole Polytechnique of the Université de Montréal. For the pedagogical
use in this research, we give the priority to the reliability and, after that, to the capacity and
the number of links of each topology. Three classes of networks in our set of 200
topologies have high reliability (k = 4 and k = 5 connectivity) but different cost, capacity
and number of links. Two other classes have low reliability (k = 2 connectivity) but the
other indicators are dissimilar. A last class has k = 3 connectivity and the other measures

are very close. Table 5.7. shows some examples of the main characteristics of the classes.
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Table 5.7. Examples of general characteristics of the classes used in our system.

K-connectivity | Caparity {Cos uber of links 58
4or5|Low Low More than 13 1
4 or 5|Medium (Low More than 13 1
4 or 5|{Medium |High More than 13 2
4 or 5 [High High More than 13 2

2 {High High More than 6 2
4 or5|{Medium [Medium |More than 13 3
4 or 5 |High Medium {More than 13 3
3| Low Low More than 11 4
3 |Medium {Low More than 11 4
3 (Medium |Medium |Morethan 11 4
3 [Medium |High More than 11 4
3 [High High More than 11 4
2|Low Low More than 6 5
2 |Medium |High More than 6 6
2(Medium |Low More than 6 6
2{Medium |[Medium |More than 6 6
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These six classes are the basis for the functionality of the recommendation module in

ARIALE. Some actual examples belonging to the six classes that ARIALE uses are shown

in Table 5.8.

Table 5.8. Examples of topologies classified according to their measures of performance.

iccomnectivity| Capacity | Cost vks| Class
b} 9514 45450 20 1
4 11366 83450 17 1
5 31268 | 234850 19 2
4 31158} 234100 17 2
5 23460 200750 18 2
4 17568 176550 18 3
4 14536 115350 16 3
3 26268 163150 18 4
3 10428 78850 11 4
2 7308 68550 8 5
2 2262 14750 12 5
2 20124| 218900 9 6
2 16124 92450 10 6
2 12114| 102700 7 6

5.2.8. Functionality

Based on the classes described in the previous section, the recommendation module in our

system performs the following functions:
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e Recommending sessions

e Recommending examples

Our system uses a hybrid method to recommend sessions: one is based on the teacher’s
characteristics and the other takes into account the examples that the teacher uses to teach.
First, to solve the cold-start problem (Schein et al., 2002) when the teacher has not
authored any session and example, the system uses a collaborative filtering method that
takes into account the similarities between teachers according to their teaching styles. This
method allows the system to recommend learning sessions created by teachers with similar
backgrounds and preferences. The system believes that teachers in the same category can
also share a teaching style or pattern. The sessions are classified according to the examples
used in them. In order to recommend sessions, the system detects the type of sessions that
teachers in a particular category use. After that, the system recommends sessions of this
type to the new teacher. The classification of teachers i1s explained in section 4.2.2, the
Bayesian method for classification is detailed in section 2.2.7 and the application in
recommendation is detailed in the next sections.

Second, when the teacher has created at least one session, the system uses a content-based
filtering method that looks for session with examples that are similar to the example used
by the current teacher in his session or sessions. Filtering examples by taking into account
the preferred examples of a teacher allows the system to recommend sessions and examples

that are close to his current teaching style.

Adaptive generation according to the teaching style

This kind of recommendation is dynamic because it adapts to the changes of the teacher’s
teaching style. Instead of taking into account just the information that the teacher provided
explicitly during the registration, the system relies on the examples used by the teacher. If
the teacher changes his preferences for another type of examples, the recommender adapts
its recommendations to match the new class of examples and forgets the old ones. This

forgetting means that ARTALE always switches to the teacher’s new trend.

5.2.9. Recommendation of sessions and examples

There are four main scenarios for recommendation where the functions enumerated above

are applied:
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e When a teacher does not have any session or example done and there is not

enough information to support decision-making about what session to recommend.

e When a teacher prefers to start from scratch and there is not enough information to
support decision-making about what example to recommend.

e When the system knows the teacher’s preferred class of examples.

e When the teacher does not want to accept any recommendation and ask the system
to generate new examples, based on enough or partial information avatlable.

Let us see these scenarios in detail.

First scenario

If a teacher is supposed to author a learning session and he does not have any session or
example done (cold-start), the system tries to guess and recommend some sessions that
could be useful for him.

The method used to define and recommend a session is as follows: from the Teacher
Model, the system retrieves the class or category into which the teacher is classified. With
this information, the system also retrieves the class of example that the teachers in the same
category use most frequently.

After detecting this most frequently used class of examples, the system selects sessions
that contain examples of the same class. Because in this case the teacher is a beginner user,
the recommender offers one of the sessions retrieved. If he rejects the offer, a list of
recommended sessions remains available in case the teacher changes his mind and accepts
to reuse a session. This algorithm synthesizes the decision-making process of the

recommender in this case:

Procedure Recommend a session () {
IF the teacher does not have any session done THEN
Retrieve the teacher's category
Retrieve the most frequently used class of examples in the category
Retrieve sessions that contain examples of this class
Recommend a session to start editing

IF recommended session is accepted THEN
Load the recommended session
ELSE display a list of recommended sessions

ELSE Define the class of example most used for this teacher
Recommend sessions that have examples of this class
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The recommendation of sessions occurs when a teacher accesses the session selector

Web page. If the teacher does not want to receive recommendations because he prefers to
have access to all the sessions and examples available, he has to adapt the system to this

requirement, by editing his preferences in his Profile Manager Web page.

Second scenario

A teacher prefers to start from scraich, but there is not enough information to support the
decision-making about which examples to recommend. Then, the solution is that the system
follows the same process as in the first scenario, but instead of recommending complete
sessions, it recommends examples as part of the Load function of the example editor. The
example editor is an application (a Java applet embedded in a Web-page) that allows the
teacher to configure a network topology by adding or removing link between the nodes of a
network. This editor also has functions to change the type of link and other characteristics
of links and nodes. The implementation of this editor is explained in chapter six. In this
case, instead of proposing complete sessions, the recommender just includes in the example
editor a list of seven examples that are in the same class of examples preferred by teachers

in the same category of the current teacher.

Procedure Recommend an example () {
Retrieve the teacher’s category
Retrieve the most frequently used class of topology in the category
Retrieve topologies from this class
Display a list of recommended topologies

If the teacher does not want to use some of the recommended examples, on demand, the
generator generates an example that belongs to the teacher’s class. The algorithm for
generation of topologies is described in the part that explains the automatic generation of
topologies, later in this section. We decided to use a list of seven recommended topologies
because it is easier for a beginner teacher to choose a topology from a small number of
options instead of from a set of 30 or 50 examples accumulated by many teachers (Mayer
and Moreno, 2003). The seven topologies selected are the newest ones in the database,
because they represent the other teacher’s trend. A teacher could increase the number of

displayed examples by tailoring manually the respective configuration in his profile.
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The hypothesis behind the recommendation methods used in these scenarios 1s that the

sessions and examples the teacher could use may depend on the ones used by teachers
classified in the same category previously. If the system knows which examples have been
used by other teachers of the same category, then the system can recommend using such
sessions or examples. This is a combined application of the collaborative filtering and

content-based filtering.

Third scenario

When the system knows the teacher’s preferred class of examples, the task for the
recommender is easier because it only has to retrieve the class of example that the teacher
uses more frequently and, with this information, the recommender retrieves a list of
sessions or topologies belonging to this class. When the teacher is choosing a session in the
session selector Web page, the recommender provides complete sessions; when the teacher
is using the example editor, the recommender supplies examples. The recommender uses
the same sequence of steps: retrieving the teacher’s example class, retrieving a list of
sessions or examples, and displaying the list. The hypothesis behind the recommendation
method used in this scenario is that the examples the teacher will use in the future depend
on the ones used previously. Because the system knows the class of examples the teacher
has used in the past, it can recommend using sessions or examples from the same class. In
this case, the system only applies content-based filtering for recommendations without

taking into account information from other teachers.

Fourth scenario

If a teacher has not authored any sessions or does not want old sessions created by other
teachers, the question is how to generate an example from scratch in order to offer it to the
teacher. Our system has a particular module, the Generator, which creates examples. This
module has two functions:
e Generate examples according to the criteria defined by the designer.
e Verify that any generated topology fits in the class of examples used by the teacher
(the teacher’s teaching style). If the generator creates an example that is out of the

scope that the teacher prefers, the example is aborted and a new one is generated.
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Generation process

In order to generate examples, the system uses a probabilistic method. For each one of the
seven nodes of the topology, this method establishes links with the other nodes; for
example, node 1 can have links with nodes 2, 3, 4, S, 6 and 7. The type of link between
each pair of nodes is taken from the set of available links provided by the designer of the
curriculum. For each topology a, each link L;has a type of link #, so we can reuse equation

(12) to represent a topology as a set of nodes, each one with a type of link assigned.

a={L= ()} (12)

At random, the generator selects a type of link for each pair of nodes or it does not assign
any link to represent that no connection exists between those two nodes. In this way, it is
possible to generate a network with a “ring” topology of seven nodes and seven links or any
other configuration from seven up to 20 links. According to the designer, each type of link
has a set of attributes. The designer also establishes the values of each link attribute, as
explained in section 5.2.2.

The measures of performance of each topology or example change according to the
distribution of types of links. For example, if a topology has a high percentage of high cost
links, consequently, the function of the performance “cost” of this example will be high.
Table 5.1. illustrates default values used for different types of links in this system.
According to this table, if a topology uses a great quantity of fibre links, the network may
cover long distances with high cost and high capacity.

The generator creates examples using the following algorithm:

Procedure Generate examples () {
Given 7 nodes and a set of types of link
M=<twisted, coaxial, fiber, infrared, microwave, satellite>
WHILE the example does not belong to the teacher’s class of examples nor matches his
preferred measures of performance DO
FOR each link L connecting node ito node j DO {
Atrandom, select a type of link from M
or do not assign any link
Assign the selected type of link to Ly
}
Locate a concentrator at random
Calculate the measures of performance
Verify the measures of performance match the measures of
performance that the teacher prefers
Verify the example belonging to the teacher's class of examples
END of WHILE
Display the topology in the editor
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Test

The venification of each example is a process that requires classifying a generated example
in the teacher’s preferred class of examples. The system keeps records of the examples that
each teacher uses or has used most frequently, as explained previously in this section. The
classification of an example implies calculating the probability of the example a belonging
to the class of examples that the teacher prefers. Given

ac A

where

a is an example

A 1s the set of all the acceptable examples

ARIALE uses a naive Bayesian classifier (see also section 2.2.7.) to calculate this
probability. The classifier is intended to estimate P(a.| class), the probability of a specific

example a, to belong to a particular class of topologies. As this calculation is difficult, thus
we use the probability of a specific class given the evidence a..

P(class| a,) = P(class)P(a, | class) (16)

where
class is the class of examples for which the generator is testing to see if the current example
belongs to it.

a; is the evidence

A network topology has four indices, and any example a; can also be represented as a
vector of four indices:

a;i=(r,m, b, c)

where

r is the network reliability

m is the number of links

b is the total network capacity

¢ is the network cost
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For example, a given topology a; can be represented as a vector of its measures of

performance and number of links. One example could be a network with the following
values for each measure of performance:

Reliability =2

Number of links = 11

Capacity = 21214

Cost = 144350

Then, the representation of this example is the vector

a;=(2,11,21214,144350)

and we have to check in which of the classes described in section 5.2 this example can be
classified. According to Table 5.5., we are representing the capacity and cost values with
nominal values such as “low”, “medium” and “high”. Because the system basically requires
checking if a topology belongs to a particular class or not, we are using here a two-class
classification to explain how the Bayesian classification classifies topologies. The two
classes are “A” and “B” and the example to be classified is the one detailed previously. For

this explanation we use the following training dataset shown in Table 5.9.:
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Table 5.9. A training dataset.

TRER . [Namber Cipaciy (G | Covta (€9} | Class
2 2 High High A
3 2 9 | Medium High A
4 2 14 | Medium High A
5 2 11 | Medium Low A
6 2 12 | Medium Low A
7 2 10 | Medium Medium A
8 2 13 | Medium Medium A
9 3 15| High High A
10 3 17 | Low Low A
11 3 18 | Low Low A
12 3 15 | Medium High A
13 3 16 | Medium High A
14 3 11 | Medium Low A
15 3 13 { Medium Low A
16 3 17 | Medium Medium A
17 5 19 High Medium B
18 4 18 | High High B
19 5 19 | High High B
20 5 18 [ Medium High B
21 4 18 | Medium High B
22 4 18 | Medium High B
23 4 19 | Medium High B
24 4 19 | High Medium B
25 5 18 | Medium High B
26 4 19 | Medium High B
27 4 19 | High High B
28 4 19 | High High B
29 4 18 | High High B
30 5 19 | High Medum B
31 4 19 {High High B
32 4 19 | Medium High B
33 4 17 | High High B
34 5 20 | High High B
35 4 18 | Medium High B

We must calculate the probabilities for each measure of performance. In order to make the
comprehension of the calculations easier, we use the following letters between parentheses

to identify each class and measure of performance:
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Class A (A)

Class B (B)
Reliability (Re)
Number of links (Li)
Capacity (Ca)

Cost (Co)

Given the example to be classified and the training dataset, for the measure of performance,
for example in the case of cost, it is necessary to calculate its different probabilities of
appearing in each class. Formally,

P(Co| class) (a7
where
Co is the value of the measure of performance Cost
class is the class of examples for which the generator is testing if the measure of
performance is included

P(Colclass) is the probability that class presents Co as evidence.

For each value in each position of the vector, the naive Bayesian classifier uses equation
(11) to calculate its probability of belonging to each class of examples. Equation (13)
shows equation (11) adapted to calculate the probabilities of types of link
n,+m

P(f,1v,)= - m” (18)
where
f is each value of each measure of performance (Re, Li, Ca, Co) in the vector for each
class,
v;is each class
n is the total number of instances in each class v;
n. is the number of instances with attribute f; and class v;
pis apriori estimate of P(f]|v) for each f. We assume that the probabilities of all attributes
are equiprobable (equally likely to be true). For example, for the attribute “reliability” there

are four possible values and p = 1/4.
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m is a constant used to avoid the possible consequences that could arise if n. = 0 (in this

case the calculation would be zero). We use m = 4 as a constant because we have four

attributes in the examples of our training dataset.

This equation is applied to calculate the probability that each class include the given
topology. Table 5.10. shows the corresponding values for the calculation of probabilities

using equation (18).

Table 5.10. Values to calculate where the topology can be classified.

Class A Class B

Re (2) Re (2)
n=16 n=19
nc=38 nc=90
p=.25 p=.25
m=4 m=4

Li(11) Li(11)
n=16 n=19
nc=11 nc=8
p=.08 p=.08
m=2 m=2

Ca (Medium) Ca (Medium)
n=16 n=19
nc=3 nc=3
p=.733 p=.33
m=4 m=4

Co (Medium) Co (Medium)
n=16 n=19
nc=2 nc=0
p=.33 p=.33
m=4 m=4

Table 5.11. shows the corresponding calculation of the probabilities of each measure of

performance of the given example for each class.
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Table 5.11. Probabilities for each attribute for each class.

Class A Class B

P(Rel4)= 8—:5%5 =02 P(ReB)= 9?;:% =0.04

PLila)=272707 _o 12 P(ziB)= 232297 _g 01
16+4 19+4

P(Cal4)= ”—;{;ﬁ =0.62 P(C4B)= 8—;% =0.04

P(Co|4)= %3—3- =022 P(ColB)= -3-%:% =0.19

After these calculations, it is possible to multiply the probabilities of each measure of
performance to appear in a class in order to obtain the global probability of the vector to
belong to a particular class. The maximal probability obtained determines to which class
the topology can belong, according to equation (10) in section 2.2.7., which we adjust as
follows for the current example

v(E) = argmax P(vj)l_IP(a,|vj) (19)

v,€ ,B} i

where
{A,B } is the set of the different classes to classify examples, and

E is the example to be classified.

This calculation can also be performed as follows:

P(A)*P(RE/A)*P(Li/A)* P(Ca/A)* P(Co/A) = 0472 * 02 * 0.12 * 0.62 * 0.22 =
0,001456019

P(B)*P(Re/B)*P(Li/B) *P(Ca/B) *P(Co/B) = 0,527 * 0.04 * 0.01 * 041 * 0.19 =
0,000023470

Finally, the classifier has a prediction for each class. The maximal number identifies the
class to classify our vector a. In this example, the class of the given example is “A” because
0,001456019 > 0,000023470.
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In this case, the generated example is recommended because we had assumed that the

teacher prefers the class “A”.

If the example is displayed to the teacher, he can accept or reject it. If the teacher does not
like an example generated by the system, the system can prompt the teacher to edit the
offered example until he is satisfied with it. If the teacher does not want to edit it, the
generator continues to produce examples until it gets one that the teacher accepts. This
validation method is intended to recommend examples that fit the specific teacher’s
teaching style. Once an example is saved as part of a learning session, the example is
classified and included in the knowledge base of the system.

The generator not only generates examples but also counter-examples for Step 3 of Task 1.
In this case, the system generates a topology that does not belong to the teacher’s class of
examples, but has the same measures of performance.

Bayesian learning is a method that allows the system to learn new input in order to
anticipate a teacher’s request for support. Each time a new example is included in the
database, the system learns from it. ARIALE applies a type of knowledge acquisttion that
models each teacher’s expertise in teaching a subject. This method allows the system to
acquire the teaching styles (teaching pattern) of teachers. There are more reasons to prefer
Bayesian learning in this case. The Naive Bayes algornithm has no funing parameters. In
contrast, tunning a k-NN classifier (see section 2.2.7) according to other topic
characteristics and parameters requires a lot of work and tests. For example, a k-NN
classifier requires adjusting the weights of each attribute properly in order to generate good
results. Instead, Bayesian classifiers are more flexible and easy to adapt to different
domains and number of attributes. For example, predicting the class for a topology or any
other instance requires counting only the frequency of attribute values within the training

examples, only.

5.2.10. Session base and example base

According to Case-Base Reasoning (CBR), a case is conceived as an initial state Sy, a final
state S, and the solution or plan that facilitates passing from one state to the other (Cortés
et al., 1994). Our cases, however, are not modeled in this manner because each session is a
case made up of many examples, instructions and additional parameters that the students

will take into account. Each case is a possible solution to the problem of authoring a
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session. By storing cases in the case-base, the system can find a set of examples with

good probabilities to be recommended as worked-out examples. The teacher is in an initial
state with no session on hand, and the system helps him by providing a session in order to
arrive at the final state: to have a session according to the teacher’s preferences.

The structure of a learning session includes:

» The index. Each session is identified by a number, its creator or owner, and the class
of an example. We use the example of Task 1. The counter-example and the other
examples are not needed to identify the session.

e The additional components. This part includes the counter-example of Task 1 and
the examples of the other tasks.

e The instructions. This part includes the instructions provided to the students and the
values of the goals they will have to achieve during the competition (Task 3 for
optimization).

Each example has the following structure:

e The index, which identifies each example by a number, its creator or owner, and the
corresponding class.

o The representation of the internal structure, which includes the number of nodes,
number of links, the type of link assigned to each link (this is another complex
structure including several attributes and the corresponding values), and a set of

other attributes and values (measures of performance) whose number can vary.

When a teacher creates a session in which the index is similar to that of another session, the
teacher will be able to keep the session for his own use. A session is also fundamental
because every time a teacher finishes a session, the system checks whether the teacher’s
teaching style has changed.

The reasoning behind the recommendation mechanism of our system is based on CBR, and
the hypothesis is that the examples the teacher will use in the future depend on the ones
used previously. If the system knows which examples the teacher has used in the past or
which have been used by other teachers of the same category, it can reasonably choose

examples that the teacher will probably be able to use. With this view, we are also taking
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advantage of the CBR filtering approach (Funk and Conlan, 2003) in order to filter and

recommend examples according to the teacher’s characteristics.

5.3. Learning support for teachers

This section describes the context of the recommendation of examples and the design of the
leaming support that complement problem-solving support. We also answer these questions
formulated in the introduction (chapter one):
e What can be the general structure and functionality of an assistant to support
teachers authoring learning session in decision-making?
e How does the system make decisions about which kind of help content to show, and
which media to use for displaying the content?
~ The general answer to those questions is that an assistant must have the structure and
functionality of an Intelligent Help System (IHS) that provides leaming support and
problem-solving support. The aspects related to problem-solving support were discussed in
the previous section 5.2 devoted to generation, test and recommendation of examples. In
the next sections, we discus the following series of more specific problems related to
learning support and the questions above:
= The cognitive overload and the production paradox that could be experienced by
teachers.
» The access to the help.
» The adaptation of the help.
= The interaction between the teacher the help system.
Closing this chapter, we explain how and why a knowledge-base is used to support the

learning of the system.

5.3.1. Cognitive overload and production paradox

In general, users of software and, particularly, authors of educational material such as
teachers face two difficulties:

1. The teacher is not familiar with the functionalities of the tool he is going to use, he

has only a limited potential use of the tool and thus he can not properly use many of

the options that the tool provides. As a result, his performance using the tool is low.

He can not improve his skills using the tool because he does not have enough time to
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learn how to use the tool, but, at the same time, he can not learn because he

needs the time to perform the tasks that he has to do with the tool. In addition, most
of the authoring tools to create ITS do not provide interactive support to exploit their
functionalities. This paradox is the production paradox (Leung, 2001; Papanikolaou
et al., 2003), and it is a typical contradiction that many users of software face every
day.

2. A potential cognitive overload could affect teachers using an authoring tool if they
split their attention between authoring, finding, and selecting help according to his
characteristics to improve their use of the tool. For example, if a teacher is involved
in (1) planning a leaming session, (2) manipulating the authoring tool to create the
session, and (3) selecting help according to his needs and preferences, his mind
would be involved in three processes at the same time: teaching (which is the main
task), manipulating the authoring tool, and dealing with the help features.

In section 2.2, we discussed the concepts and definitions related to Human-Computer
Interaction (HCI) and Artificial Intelligence (AI), which are commonly applied in intelligent
help systems. Some of those concepts are traditional principles and techniques of on-line
help, which are not useful in our case because they provoke cognitive overload and
increases the production paradox. As seen in chapter three (Table 3.1.), intelligent help,
automatic generation of teaching materials, automatic completion of tasks and direct
support for teachers, are different types of help used by other systems to improve the
performance of teachers using ITS and EAH.

The option we found to reduce the cognitive load and the production paradox in ARIALE is
a help system that works parallel to the authoring tool, and finds, selects and adapts context-
sensitive help according to a teacher’s skills, preferences and current task. This help system
focuses on the manipulation of the help to free the teacher’s mental capacity and allow him
to pay better attention to the translation of his plans in the authoring tool. The help features
are one way to support the manipulation of the authoring tool and decrease the cognitive
load generated by the interaction with this tool. We preferred this option in comparison to
traditional help techniques without the application of artificial intelligence. For example,
automatic generation of teaching materials is not usually adapted to each teacher’s

characteristics and style (Virvou and Mondridou, 2002; Kinshuk et al., 1999). Another
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problem is that those types of help mentioned above are not frequently integrated to be

complementary as in ARIALE. To discriminate our option from other possibilities, such as
simple sharing of examples or finding help topics in a traditional manner, we analyzed the
advantages of integrating adaptation and different help features, and the novelty of doing it
in a Web-based help system. An important aspect to distinguish our option is the integration
of the generation, testing and recommendation of examples as part of the intelligent help
system in ARIALE. This integration tries to solve the problems of cognitive load,
production paradox, and the teachers’ time availability. Figure 5.4. shows two different

scenarios: a teacher without assistance and a teacher supported by the help system.

Authoring Authoring
Finding a session a session
Planning Planning
adaptmg I teaching t teaching
help ’
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Figure 5.4. The Intelligent Help System (IHS) manipulates the help in order to free the

teacher’s mental capacity.

5.3.2. Accessing help

To help teachers to find and access specific and personalized information, we designed a
process based on the knowledge existing in the Teacher Model. The process to find and
personalize specific information starts when the teacher gives explicit information to the
system during the registration. With this information, the system initializes the particular
Teacher Model for this teacher, as explained in chapter four. After the creation of the
Teacher Model, every time the teacher authors a learning session, a cycle of interaction (see
Figure 5.5.) and chahges is repeated to provide adaptive help. In this cycle, the system takes

information from the Teacher Model to define the teacher’s skills, plans and preferences to
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create Web pages with resources adapted to the teacher’s characteristics. For example,

setting the teacher’s skills means that the system stores information about the current
teacher’s skills in the working-memory of the system, to support its decisions. Defining a
plan 1s coding the short-term activity, tasks and steps that the teacher has to perform in the
format for representing a plan, which was explained in section 4.2.3. The teacher’s
preferences, such as the teacher’s language, are also included in the working-memory of the
system to support its decisions about contents and specific resources to be retrieved.

In ARIALE, a teacher authors a learning session by changing values in a given a step.
These changes are the teacher’s feedback that the system receives. Once the teacher has
finished the edition of the step, a new Web page is loaded, the Teacher Model is updated
with new information acquired during the authoring process and the interaction in a new
Web page starts again, taking into account the last changes in the Teacher Model. In this
interactive process, the teacher interacts with the authoring tool and with the help system
and both parts generate feedback to support the decision of each other (Rodriguez et al.,
2004a). Figure 5.5. shows the process to select the appropriate help for a teacher.
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Figure 5.5. Stages for the selection of contextual help for a Web page.

5.3.3. Adaptation

We assume that when an author is creating a learning session with the authoring tool, he
faces two main barriers: he requires specific information related to his curmrent task, and he
finds it difficult to locate this information (Capobianco, 2002). To provide specific
information in an easy way, we applied the “just-enough” and “just-in-time” techniques
(Leung, 2001), as we explain now.

Sometimes help can be available, but it is not really accessible (Leung, 2001; Brusilovsky
and Schwartz, 1997) because users do not know how to access it or access is difficult, or the
help is available and accessible, but not adapted to the users’ needs. More specifically, two
of the problems that teachers may face while authoring a leaming session can be 1.
Personalizing help according to each teacher’s attributes, and 2. Finding specific help to

perform a task.
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Ho66k (2000) remarks that few users spend time configuring their systems according to

their preferences and needs; thus, it is unrealistic to expect that one would spend time doing

this. If a teacher wants to adapt help according to his current plan, skills and preferences,

this operation takes into account multiple criteria such as the context, media and bandwidth

available. For example, a teacher would configure the system to receive only static images

because the bandwidth is too small. In our system, if a teacher had to adapt manually the

help that he requires, he would have to do the following tasks:

¢ Finding the appropnate help according to:

O

The context, which can be the current field, step, task or activity. For
example, writing instructions in a text box can involve specific or general
information about this action.

The complexity; for example, a basic or intermediate level according to the
skills.

e Choosing the help found according to his preferences concemning

O

The area of interest; for example, information about what an instruction is,
how to write an instruction, or why to write an instruction.

The language; for example, the teacher would have to set up the help display
in his preferred language if the machine he is using has an operative system
or browser in a different language.

The media to display; for example, text or video.

The bandwidth; for example, video could be incompatible with a slow
modem connection.

The help strategies and techniques; for example, the selection of a
demonstration instead of an introduction

The display mechanism; for example, showing texts and images in a text box
instead of using an applet. Applets are more commonly used in problem-

solving support.

Our system is an assistant that simplifies the situation for the teacher. A goal of the

intelligent help system is to adapt the interface contents and their presentation to the user

according to his plan, skills and preferences. According to the guide to adaptive interface
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design proposed by Rothrock et al. (2002) (see more details about this guide in section

2.2.5.), there are three rules for designing an adaptive interface:

Identify variables that call for adaptation; for example, a click event on a link.
Determine modifications to the interface; for example, changes in the text-based
help to be displayed.

Select the inference mechanism; for example, filter the resources to be displayed or

recommend a network topology according to the teacher characteristics.

This guide is part of a framework to study adaptive interfaces or intelligent user interfaces,

and 1t considers the most common elements in an adaptive interface to be:

o —

Inputs: keystrokes and mouse events performed by the user.

User variables: information in the Teacher Model that triggers adaptation.
Identification inference mechanism: a method to identify instances that call for
adaptation and to decide on the appropriate modifications for the interface.
Interaction model: a mode of interaction between the user and the interface.
Decision inference mechanism: a method to decide which changes to make to the
interface.

System or environment variables: Characteristics of the system, which do not
depend on the user’s actions and trigger the adaptation of the interface. ‘
Selection mechanism: to control different aspects of the adaptation, such as the
complexity of the help to be provided or who decides about the adaptation (teacher
or system). The teacher must be able to alter the status of the parameters of

adaptation.

Evaluation mechanism: to assess the adaptation accuracy according to the user’s
preferences, and to check if the adaptation is overfitting or underfitting. A
comparison of the adaptation proposed by the system and the teacher’s choices

allows the system to adjust the adaptation when needed.

In this research, the inputs, the user variables, the decision inference mechanism and the

interaction model provide most of the information and functions that ARIALE requires to

make decisions. The other elements play complementary roles. Rothrock ez al. (2002)
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define nine user variables that call for adaptation (User Performance, User Goals, User

Workload, User Situation Awareness, User Knowledge, Groups of Users, User Personality
and Cognitive Style, Situation Variables, Task Variables), and we pay more attention to the
following five that provide the most important information needed for adaptation:

User Performance (mouse events, for example).

User Goals (plan to be performed).

User Knowledge (previous experience teaching a subject, for example).

Groups of Users (recommending to the user something that is common to the user’s

group, for example).

User Personality and Cognitive Style (such as preferences and examples used for

teaching).
ARIALE adapts the content to be displayed, the mechanism of teacher-system interaction,
and the degree of adaptation using these variables mainly. This adaptation process enables
the system to select the appropriate quality and quantity of information, and to decide on a

particular method to display help.

53.4. Changing the interface

After defining the variables that call for adaptation, the next step is to determine the
modifications to be made in the interface. The modifications can be both in the presentation
and in the navigation.
In the next sections, we analyze the changes of the interface presentation and, after that, we
discuss the aspects related to the interaction and navigation among the nodes of help
information. Sometimes, changes in the presentation are the result of navigation.
The adaptation of the interface presentation is achieved by changing:

e The help content.

e The medium to display help messages.

e The language.

e The help techniques.

e The display mechanism.
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The changes can be applied to all these criteria or only to some of them. For example,

the whole presentation of the content of a Web page can change just by changing the
language. Additional examples of the implementation of the interface are included in
chapter six. As explained in section 5.2, the generation, testing and recommendation of
topologies are based on the teacher’s information stored in the Teacher Model. The Teacher
Model also supports a decision inference mechanism that uses a three-dimensional
representation of the complexity of the support required by teachers. This representation

and its application are described as follows.

The Dimensions to Select Help

Changing the interface of the authoring tool and the embedded context-sensitive help
requires to choosing different resources. ARIALE uses a three-dimensional structure to
support resource selection according to the teacher’s characteristics and preferences. This
structure organizes data related to (1) the teacher’s skills to perform a certain task; (2) the
plan or tasks to be performed (analysis, transformation of cases, competition);, and (3) the
type of help required to support the teachers. These criteria are stored in a Teacher Model
and used for planning what support is provided to the implementer teacher. For example,
for each activity and task, we classify teachers in three basic categories according to their
ability and experience in teaching and using the system: beginner, intermediate, and
advanced users. The difficulty level of a task is initially static, but its difficulty level
changes as the teacher repeats a particular step and his ability varies. The system checks the
Teacher Model to verify whether the teacher has accessed a particular kind of template.
Records of the number of times the user accessed the page and the associated help are
stored in the database. In addition, if the user has accessed demonstrations in a particular
step, during a later access to this step the system will provide guidance because the degree
of complexity of the step will be relatively lower. Furthermore, the interface uses a lower
number of multimedia file demonstrations depending on the table of preferences for that
user. According to the stored information, a teacher with experience creating learning
sessions in the analysis phase receives less basic guidance, but he receives more intensive
help to create a competition for the first time. ARIALE takes into account data about the
teacher’s skills, checks the plan to follow, and decides the type of learning support or
problem-solving support that the teacher requires (strategy and techniques). This decision
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depends on the events triggered in each Web page. For example, when the teacher is a

beginner with no sessions in progress and a Web page is loaded, our system offers problem-
solving support by providing a worked-out example to reuse. In all cases, leaming support
is displayed when the teacher moves the mouse over a link. Figure 5.6. shows the three-

dimensional organization of the key factors used to support teachers.
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Figure 5.6. A 3-D model of tasks and guidance (Rodriguez ez al., 2003).

This 3-D model (see Figure 5.6) is useful to reduce the search space of support. This model
is the start point to find the appropriate support for a teacher who has particular skills and is
following a specific plan. ARIALE uses the teacher’s skills and his plan to find the right
help (a help strategy and the respective help techniques) and adapt the help according to the
teacher’s skills, plan and other characteristics. Problem-solving and the automatic
generation, testing and recommendation of examples were discussed in section 5.2. Now,
first, we focus on finding the right support and on adapting contents and resources to
display the help. Second, we pay attention to the rules for navigation through the help

contents.
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Finding help

Finding the right help and adapting it can be complicated and time-consuming jobs for a
teacher. That is the reason because ARTIALE has the function of providing the information
the teacher needs. Unfortunately, sometimes a teacher is not sure about what information he
needs, and then the system has to infer and predict what information the teacher might need.
If the system knows what information is required, the system can supply just-enough pieces
of information just-in-time. Consequently, the system needs information about the teacher’s
context (user data, usage data and environment data) to support its decisions about what
information to find for the teacher. Based on this data, the system can always offer
information that the teacher might need, except in the case of a teacher who has accessed all
the support available. As Leung (2001) proposes for learning support, the system can offer
help and the teacher can use it or just ignoring it. In the case of problem-solving support, for
instance, if the teacher rejects an example recommended by ARIALE, he can create a
different example and the system takes into account this decision to modify the teacher’s
teaching style. ARIALE is efficient to provide leaming support because help contents are
indexed to each field of each Web-page, following the same idea as in ADAPTS
(Brusilovsky and Cooper, 1999). But, different to ADAPTS, our system adapts help
contents not only to the plan but also to the teacher’s skills and personal attributes. Then
resources to be displayed are not always the same for a certain field. The method to choose

appropriate resources is explained now.

Retrieving and assigning resources

Once the teacher enters a Web page, the teacher’s skills and plan representation (code) are
in memory. The first five characters of this code show the context (course, activity and
task) of the current step. The teacher’s skill determines the type of help strategy and
technique to use. Once the plan, the teacher’s skills, and the help technique are defined, the
next phase is filtering help resources to retrieve the appropriate resource for each help
technique (Rodriguez et al., 2004b). These resources can be files with texts, graphics,
videos, applications or simulations. Each resource file is indexed by a set of pairs

attribute/value; these attributes are complexity, media, language, load, help techniques,
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context area, and display mechanism, and some of their possible values are detailed in

Table 5.12.

Table 5.12. Attributes used to index resources

Vaines . e e REe
Help Stategies Basic help Guidance Assistance
Language English Spanish French
Load Low bandwidth High bandwidth

Area content Usage Domain

Media Text Image Multimedia
Complexity Beginner Intermediate Advanced
Display Form Layer Applet
mechanism

Based on the three-dimensional model of the teacher’s characteristics, the system defines
the resources that are more suitable according to the teacher’s skills, plan, help strategy, and
preferences. This definition consists of retrieving the values of each teacher’s characteristics
that are stored in the Teacher Model, for example, his skills, plan, language, and preferred
media to see messages. After retrieving a set of values from the Teacher Model, the system
chooses the resources whose attributes match these criteria. By matching these values to the
attributes of the resources, the system defines the appropriate resources for the step that the
teacher is going to perform. For example, a resource such as an image can be selected
because its attributes match the values of the teacher’s characteristics (Rodriguez et al.,
2003). Using this same method (filter), the system also predicts the resources that might be
needed later in a Web page. With the resources identified, the system can retrieve the
corresponding resources and thus build a Web page linking resources to fields in the
template. Some predicted resources are not used immediately and the Web page loads them
for future use with help techniques.

To link a resource to a specific field in a Web page, the resources (texts, images,
multimedia files) are indexed by hand in a many-to-many way to fields in different Web
pages. This process is tedious and time consuming but highly precise. The reasons to use
this method are that other methods make more mistakes choosing resources (Leung, 2001).
In addition, resources, especially audiovisual ones such images, sounds, video must be

indexed to identify them according to the pairs attribute/value. A table in a database stores
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these relationships to enable the system to assign resources to fields in templates while

a Web page is being created. The filtering process of resources is depicted in Figure 5.7.
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Figure 5.7. The system uses criteria to make decisions about which resources are located in

a Web page (Rodriguez et al., 2004b).

The advantage of this method is the flexibility to reuse resources and to build Web-pages
dynamically according to multiple attributes that acts as a filter. Most systems do not take
into account additional information about personal characteristics to adapt help content and
select the corresponding resources. Usually, Web-based help systems are not knowledge-
based and they only provide context-sensitive help regarding the task that a user is
performing at that moment. Choosing resources based on information stored in the Teacher
Model and predicting the help contents and resources that a teacher might need later are a

new vision of adaptation in help systems, particularly Web-based help systems.

5.3.5. Embedded context-sensitive help

In ARIALE, problem-solving support and learning support are context-sensitive help (see
section 2.3.3). This type of help is not only related to the current plan that the teacher is

following but also to each topic displayed in the respective template. Context-sensitive help
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provides information that relates to the specific field of the step in which the teacher is

currently involved. Furthermore, the teacher receives context-sensitive help about the Web
page he is working on (Self, 1998), and he sees only the information about that part of the
page. Because context-sensitive help provides just-enough help according to the current
teacher’s task, we consider this to be a useful mechanism to decrease the teachers’ cognitive
overload.

Another important aspect of this system is that the help is embedded. There is an area in the
browser window that displays help. Thus, the help appears within the same window, rather
than in a separate help window. Furthermore, when the teacher needs help, he does not have
to leave the browser window where he is working. In the case of problem-solving support,
when an example is recommended and accepted, it is loaded as part of the Web-page. An
innovation of ARIALE is the integration of embedded context-sensitive help, adaptation
and prediction of support in a help system. As a positive consequence, the teacher does not
switch between two different Web-pages to check or edit the example or adapt help contents
and resources according to his needs and preferences. The navigation between help nodes
does not need long trips through different windows. Instead, help contents are displayed
according to the teacher’s interests in the same Web-page where the teacher is working,
Details related to the implementation of context-sensitive help in our authoring tool are

described in chapter six.

Rules for navigation

Traveling though the help contents is like following a sequence of states. In the case of
adaptive context-sensitive help, typically assigned to the “MORE” link, each time the
teacher clicks this link the help displayed is updated. As the teacher accesses more help
messages, he passes from Basic to Guidance. When the teacher accesses the Assistance
level he continues using Quick Reference. The system keeps track of the teacher’s accesses
to each one of the three “MORE” links in each step. As a result, the teacher can receive help
of different complexity for each link. There are some rules that the system applies to
promote a teacher from one strategy to another. Sometimes the teacher has not received
help of the same complexity for the three links, but, in global terms, he has received enough
information. Then, he can skip to the next strategy. The rules to skip from one level to

another are described below.
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Contents of different help strategies and techniques conforms a hypermedia and each

field in the authoring tool matches a node in the help hypermedia. The organization of the
help hypermedia and the correspondence of each node to the authoring tool are described in
chapter six. Now, we defined three rules that the teacher has to follow to navigate the help
hyperspace. The rules are heuristics that ARIALE includes to decide when the teacher
passes from one strategy or level to another. These rules take into account the help received
by the teacher and his experience authoring steps. The number of times that the teacher
must access help messages and the number of times that he must perform a step before
passing to the next help level, are defined arbitrary. For example, we assume that a beginner
must get some experience and know all the messages of a strategy to pass to the next help
level. The set of rules that ARIALE uses are:
Rule 1.
IF the teacher has done the current step fewer than three times.
THEN he requires accessing all the help messages of the current help
strategy in order to pass to the next strategy.
Rule 2.
IF the teacher has done the current step between three and five times
AND he has accessed at least five help messages of the current help strategy
for each field in the current step
THEN he can pass to the next strategy.
Rule 3.
IF the teacher has done the current step more than five times

THEN he receives help by means of the Quick Reference technique.

For example, a teacher can consult all the help available about a field using the Basic help
strategy and he can ask for more information. Then the system decides to retrieve more
help for all the topics in the Web page because the experience accumulated authoring and
the help accessed by the teacher are both enough. This rule is based on the everyday
decisions that people make. For example, if somebody repeats a question about a topic, the
person answering the questions will infer that more information about the same topic could

be required, and he will be prepared to answer potential future questions. As ARIALE
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offers help and leaves the teacher free to access or not it, each teacher’s decision to

ignore or access help is a teacher’s feedback that our system takes into account.

S54. Learning from interaction

This section summarizes how the system leamns to help teachers in a personalized or
customized way.
ARIALE has a knowledge base with data that supports its decisions about providing
learning support and problem-solving support. The knowledge in this base must improve to
offer better support. The main areas of knowledge that our system improves with new data
are:

e The similarity of a particular teacher with other teachers, as explained in section 4.2.

» The changes in the teacher’s teaching style (see section 4.2.3.).

e The access of the teacher to leaming support in each step of each task.

e The changes of each teacher’s preferences about learning support.

e The teacher’s experience in authoring learning sessions.
ARIALE uses some methods to improve its knowledge, such as classification learning and
an overlay model in the Teacher Model. Related to problem-solving support, the main
method that ARTALE uses to leam is Bayesian classification (Keller, 2002a) (see also
sections 2.2.7 and 5.2). By classifying the examples that each teacher uses, the system
leamns which type of example the teacher prefers. Our system learns when its knowledge
base changes as a result of Bayesian classification. For example, a new topology is
classified and new data is stored, and then the system updates not only information in the
respective Teacher Model but also some aspects related to the teachers’ categories.
ARIJALE also creates a history of the teacher’s access to help based on the interaction
between the teacher and the system. The system leamns by monitoring the teacher’s accesses
to learning support, the changes in his preferences, and the tasks he has performed. After
the classification of each new example and after every time a Web page is loaded, ARIALE
updates the data which is necessary for making decisions about learning support and
problem-solving support. For example, every time a teacher receives a Hint, uses an
Instance, or accesses an Introduction, respective counters are increased on the client-side.

These counters allow the system to update the records of the teacher in his Teacher Model.
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More specifically, since each field in a Web page is identified by an eight-character

code, the system can monitor the teacher’s access to help and increases the respective
counters. These counters allow ARIALE to decide by itself if, for example, the complexity
of the help must change, the Web page has to be reloaded to update new help content, or if
it 1s necessary to update a database.

Relying on the information collected from the counters on the client-side, the system will
not only be able to adapt the authoring tool and the help contents in the future, but also
learn from the teacher’s actions. For example, if the teacher has accessed more help about
only one particular task, he 1s considered an advanced user of this task, but a beginner in
other tasks. This information about accessing help is in the Teacher Model and the system
makes decistons based on 1t (Rodriguez et al., 2004a). These decisions are not always the
same, and they change as the teacher progresses, receives more help, and improves his
experience working with the authoring tool. The system knowledge about the help that the
teacher has received is detailed because the system keeps tracks of the teacher’s status in
each page and task. For example, if a teacher starts a new session, the system remembers
the level of skill that he has achieved, thus making it possible to provide appropnate help.
Many functions performed by ARIALE would not be possible if our system did not
remember the teacher’s knowledge or leamn changes that have occurred in its knowledge
base. For example, if a teacher has progressed and accumulated more experience authoring
leaming sessions, our system has to keep track of this to avoid repeating support that has
already been provided. In addition, if a teacher frequently uses a particular type of example
in his teaching, the system should remember this tendency (teaching style) to offer
examples of the same type. Leamning also allows our system to deal with unforeseen

situations, such as when a teacher changes his teaching style.

5.5. Conclusion

This chapter explained the methods that our system ARIALE uses to support teachers.
ARIJALE 1s an assistant with the structure and functionality of an Intelligent Help System
(IHS) that provides learning support and problem-solving support. The first section of this
chapter explained the most important contribution of our research, which is a problem-

solving support that includes automatic generation, test and recommendation of topologies.
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The second section described the design of the learning support that complements the

problem-solving. Finally, we focused on the methods that ARIALE applies to learn how to
support teachers.

To recommend topologies, our system accesses a case base that stores topologies and
selects a series of examples matching the teacher’s teaching style (teaching style is the class
of topologies that a teacher prefers). If the teacher does not accept to reuse any example that
our system recommends, ARIALE generates additional examples by using a probabilistic
method, which assigns at random the links between the nodes of a topology. We use
Bayesian learning, an artificial intelligence technique (see also section 2.2.7.), to test if a
generated example matches the teacher’s teaching style; if the example matches his style,
ARIALE recommends the topology. Bayesian learning is a kind of classification that uses
probabilities. Using a Bayesian classifier makes the generalization, scalability, and
reusability in ARIALE easier. An important remark is that ARIALE creates and not only
reuses topologies that match teachers’ characteristics. Automatically generated teaching
materials are not usually adapted to each teacher’s characteristics in other AEH and ITS.
Once a teacher accepts a new topology, this example is included in the ARIALE’s
knowledge database and the system has learned new knowledge to support its future
performance in an improved manner.

The learning support in ARIALE gives a frame of adaptive and context-sensitive help for
the interaction between ARIALE and the teachers. Learning support works parallel to the
authoring tool, and finds, selects and adapts context-sensitive support for Web-based help,
according to a teacher’s skills and plans. Then, our system selects the help strategy and
techniques to deliver support, the kind of help content to show, and the media to display the
content adapted to the teacher’s preferences. This help system focuses on the manipulation
of the help to free the teacher’s mental capacity and allow him to pay attention to the
translation of his plans in the authoring tool. Our system applies knowledge base adaptation
to profit the evolving data collected from the interaction between teachers and ARIALE.
As a particular teacher interacts with the system authoring, accessing help and getting
experience, ARTALE stores data related to this interaction. This data allow the system to

adapt help according to the teacher’s evolution.
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Chapter 6. Architecture and implementation of
ARIALE

Summary: This chapter describes the implementation of the problem-solving support and
leamning support explained in chapter five. Here, we include the architecture of ARTIALE,
its general layout, general functionality and main processes. This chapter also details the
method used for building the intelligent help system and we detail the organization of the

authoring tool.

6.1. Architecture

ARIALE is a prototype of a Web-based adaptive hypermedia assistant made up of an
authoring tool and an Intelligent Help System (IHS). The authoring tool and the intelligent
help system depend on three components:

e Information that supports the decisions of the system (knowledge).

e Resources used to build Web pages.

e Processes that use information and resources to build Web pages.

The data that the system needs for decision-making is related to the definition of the system
and includes the curriculum, order of concepts to be presented, teacher’s data, environment
data, pedagogical strategies, structure of sessions and examples, and rules that the system
uses to make decisions. This set of components forms the knowledge of the system. The
resources are the texts, images, and multimedia files used to generate menus, forms for the
authoring tool, and help messages in the Web pages. The system 1s a “decision-maker” that
uses knowledge to guide the construction of Web pages by selecting low-level resources
such as a string of text or an image file. Figure 6.1. shows a scheme of our system and

Figure 6.3. details its architecture.
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Figure 6.1. Our system depends on processes that use information about the teacher, the

environment, and resources.

ARIALE has a client-server architecture (Figure 6.2.) with a three-tier structure that
includes most processes working on the server-side, the database on the server-side, and a

client-side.

&

Client side.

Database

Server side
applications

Figure 6.2. A general solution includes a three-tier client-server configuration.

On the server side, the system includes components such as Curriculum, Teacher Model,
Pedagogical Model, Sessions Base, Resources, a Session Manager, a Planner and a Helper.
On the client side, an interface agent interacts with the user, thereby monitoring his
environment and sending information to the server (Vazquez-Abad et al., 2003). Figure 6.3.
shows the general architecture of the systems, whose components are explained in the next

section.
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6.1.1. Models and Resources

' @
24
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Information in the Pedagogical Model, the Teacher Model, the Curriculum, the Session-
base, and the Example-base, make up a knowledge base (Fischer, 2001) of our system. This
knowledge base supports the different decisions that ARIALE makes. The Teacher Model
and the Pedagogical Model were defined in chapter four, and here we explain the

implementation of the Curriculum and the Session-base as parts of the knowledge base of

the system. In addition, we describe the resources used in the Web page and define some of

the processes used to provide help, create, and modify sessions.
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Curriculum

As explained in chapter four, the Curriculum is a sequence of activities and tasks related to
a subject. According to this Pedagogical Model, each activity of a curriculum (except the
last one) includes the following pedagogical strategies: Analysis of cases, Modification of
cases, and a Competition among students to provide the best solution to a problem. Each
pedagogical strategy is mapped to a particular task and each activity has three tasks, one for
each pedagogical strategy. The last activity is a single task that consists of a virtual
competition where an underlying simulation of IF-THEN cases is presented to the students
to prompt them to integrate all the concepts they have studied in the previous activities and
tasks. Each task also has some steps and each step is a template of a particular Web page.
(See Figure 4.2. and Table 4.1. in chapter four, which illustrate this structure).

Each Curriculum is created by a designer, and different designers can create Curricula with
a different number of activities (units or chapters). The designer of a curriculum has to
create the structure (units or activities) and contents to be taught. To perform this task, it is
possible to use a high-level authoring tool similar to Tangow (Carro, 2001) or Aha! (De Bra
et al., 2003). However, the system can also be programmed directly, as we do. In our
system, a Curriculum has two faces: the part directly related to teaching, and the part
related to the help. The creation of a tool allowing an implementer teacher to adapt or
personalize an ITS requires a lot of effort from both the developer and the designer. A
curriculum includes the teaching content and its organization. The structure of the
curniculum includes mapping contents, concepts, and the corresponding activities and tasks
to specific steps.

Any Curriculum can be implemented by many implementer teachers in different ways by
using an intermediate authoring tool to author different courses. Each course is an instance
of a Curriculum, and each course has at least one Jearning session. A session includes the
structure of activities, tasks and steps of the corresponding Curriculum. In such a way, a
session becomes a plan that is composed of all the partial plans (steps or Web pages) of the
current session. We use “step” as a synonym for a partial plan or Web page, and “plan” as a
synonym for session.

The help contents are another Curriculum that is parallel to the Curriculum to be taught, and

the designer must provide resources for the two parallel hypermedia. One or more
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hypermedia working simultaneously are parallel hypermedia. For example, the

designer must supply the texts for each instruction displayed in the authoring tool area of
the screen, as well as the texts for each help message related to this instruction. Two
hypermedia are parallel when there is a correspondence between the nodes of one
hypermedia and the nodes of another hypermedia. For example, in ARIALE the contents to
be taught and their relationships conform a hypermedia that is parallel to the hypermedia
composed by the help contents and their links. The Curriculum and the Help are connected
parallel hypermedia, and when a designer creates a curriculum, this curriculum is the basis
for different hypermedia. For example, each learning session adapted to an implementer
teacher 1s composed of two parallel hypermedia: the authoring environment and the
corresponding help. The help nodes that adapt to the progress of the teacher (for example,
Introduction when clicking the link “MORE”) are Adaptive Context-Sensitive Help (AC-
SH). The help that does not adapt continuously as the teacher progresses (help for menus,
for example) is Non Adaptive Context-Sensitive Help (C-SH). Figure 6.4. shows the
structure of a curriculum hypermedia and the help hypermedia.
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Figure 6.4. Curriculum and Help are parallel hypermedia that interact.
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Accessing help is a type of navigation through the help hypermedia. When a teacher clicks
links to view help or when the system provides active help, this interaction allows the
teacher to traverse the nodes of the help hypermedia. The authoring tool and the help
system act as parallel layers. As a result, the system supports the teacher’s navigation in a
hypermedia that corresponds to the current step that he is working on. This interaction with
the help system avoids the feeling of “lost in the search space” of help that some people
could experience when they are looking for help on a long Web page or through several
help windows. A teacher can navigate between the nodes of the main curriculum, which
includes the level of the general public and the level of the authoring tool. In the case of the
level of general public, the nodes are the different Web pages that display general
information (Registration, Login, Demonstration, Example, etc.). The level of the authoring
tool is a set of nodes (steps) that are the different Web pages belonging to the authoring
tool. Parallel to each level, there is a help hypermedia, where each node is linked to one or
more nodes of the level of the general public area or the level of the authoring tool. For
example, for each activity in a curriculum there are one or more parallel help nodes; for
each task in an activity there is a parallel help node for the corresponding task; in addition,

for each step in a task there are one or more corresponding parallel help nodes.

Sessions

Each session is an instance of the specific teacher’s course and teaching style. The different
learning sessions are stored in a Session-base. Basically, a learning session is a sequence of
different steps belonging to a set of tasks and activities. The system has some standard
templates for these steps. When a teacher finishes the actions to be done on a step, a new
record with information about the step and its resources is stored in the database, as part of
a particular leaming session. Each template arranges fields with resources (texts, text
boxes, graphics, labels, links, and buttons). If the material is shared, a teacher can reuse the
activities of another teacher. In this case the relation between both courses and activities is
many-to-many as shown in the entity-relation diagram in Figure 6.5., which includes the
relationships between Curriculum, sessions and implementer teachers (Rodriguez et al.,
2004b). Most of the entities in Figure 6.5. are explained in section 4.2. (see Figures 4.1.,

4.2. and Table 4.1.), the concepts of designer, implementer teacher and student are also
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defined in section 4.2 and the concept of example is explained in section 5.2.4. The next

section details what a resource is.
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Figure 6.5. Entity-relation diagram for subjects, curricula, sessions and implementer

teachers

Resources.

Since each Web page 1s generated dynamically according to the teacher’s skills, plans, and
preferences, it is not possible to keep static pages on the server side. We refer to teacher’s
skills as the ability and experience in teaching and using the system; plan is the activity,
tasks and step that the teacher has to perform; and teacher’s preferences are particular
attributes, such as the teacher’s language. An alternative is to have a database of reusable
resources: templates of Web pages, graphics, text files, sounds, video clips, specific
applications, and simulators. The Resources are stored in a repository and the information
required to find, store, and retrieve them is kept in a database. Each resource has a series of
attributes or characteristics: name, author, location, description, format, type (text, image,
sound, video, application, and simulation), language, if it is shared or not, degree of
complexity. These attributes enable the systems to find the right resources for each Web
page, as explained in chapter five, section 5.3.4. Figure 6.6. shows how resources can be

shared by different templates and sessions.
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Figure 6.6. Resources contained in files are shared by different Web pages (templates).

6.1.2. Main processes that ARIALE performs

Our system can be accessed by four types of users: staff, or people in charge of the
administration of the system; designers, who are experts who create Curricula and provide
resources; students; and implementer teachers. Because most previous research on ITSs and
EAH has paid attention to the functions that support the designers and students’ tasks, our
research now focuses on the functionality that supports implementer teachers. Figure 6.7.

shows a general diagram of our system and its users.

Students

Staff Designers
(Administration)

Figure 6.7. The system and its users.

There are two main processes in this system: the processes directly related to teaching and

leaming activities, and the processes associated with the management of the Web site, its
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users, resources and databases. Both processes communicate by means of the data

stored in the databases (See Figure 6.8). The databases store data of the Teacher Model, the
Pedagogical Model, Curricula, Sessions and Examples, and Resources. The contents in the
database can be classified in two types: data of resources used in Web pages, and data that
the system uses for making decisions about (1) the adaptation, (2) leaming and (3) other
functions. The former does not change frequently, while the latter is updated continuously.
For example, data of resources are the identification of images and text used for building a
Web page. An example of data that supports decision-making is the Overlay Model of the
teacher, and more specifically the number of sessions and examples that the teacher has

done.
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Figure 6.8. Administration processes communicate with Teaching and Leaming Processes

by sharing databases.

In the Administration area, there are two main types of processes that are related to
Teacher's Profile Management and Resources Management. We focus on processes related
to the former, specifically the process linked to Registration and Updating the Teacher
Model. Registration includes the initialization of the Teacher Model and Updating Teacher
Model is in charge of updating the data related to the teacher’s performance.

In the Teaching and Learning area there are three types of processes: a group related to the
course design, a second group related to the functionality for students, and the group of
functions for authoring leaming sessions (See Figure. 6.9). Our research focuses on the

functionality that helps implementer teachers to author sessions.
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Figure 6.9. This research focuses on the User’s Profile Management and processes of

Authoring Sessions.

Most processes that support implementer teachers while they are authoring sessions are
distributed in the modules Session Manager, Helper, and Planner. Other functions are
performed by the Interface Agent on the client side. The functions of these modules and

their processes are described as follows.

Session Manager

The most important role of the Session Manager is the coordination and control of the
communication between the server side and the client side, and among the other modules
on the server side. The Session Manager receives and sends information to and from the
Helper, the Planner, and the Interface Agent. Tables 6.1. and 6.2. show some input and
output that the Session Manager exchanges with the other components of the system. The
Session Manager also inserts and retrieves data from the Teacher Model and the Resources

Base.
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Table 6.1. Main inputs that the Session Manager receives.

Explicit teacher’s data from Regist
forms

ration

The subjeét of the course that the teach;r

wants to teach

Data from the client side

An instruction that the teacher entered.

Plans to be performed

The teacher’s last task that is incomplete

Teacher’s skills

The teacher’s level: Beginner, Intermediate
or Advanced. This information is in the
Teacher Model.

Teacher’s preferences

The language to be used in the authoring
tool.

Resources definition

The identifications of resources that the
Helper passes as parameters.

Interface Agent messages A request for additional text-based help.

IP request A request that our system receives from any
computer connected to Internet.

Helper requests A request to get the current teacher’s skills
that the Helper requires for making a
decision.

Planner requests | A request to get the current teacher’s plan.

Table 6.2. Main outputs that the Session Manager sends to other components of ARIALE.

-The Session Ménagér bulillldé and mamt;lins

Teacher Model

the teacher’s Profile and Overlay Model.
A Web page A step of the task 2 for the activity 2.
Request for a plan Request for a new plan to be followed.
Request for help | Request for text help to be sent to the client

side.

Request for a recommendation

| Request for a hist of sessions that a teacher

could use.

Session Manager Processes

The Session manager deals with two types of processes: general aspects of the Web site,

and manipulation of the Teacher Model. The most important processes of these two areas

are enumerated below:
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Access to the Web site Manipulation _of the Teacher Model
Accessing Web site Initialize Teacher Model

Login Retrieve Teacher Model

Logout Update Teacher Model

Retrieve resources for a template

Build a Web page

Send a Web page to the client side
Process interface agent messages
Coordinate communication between
client-side and server side

Save and retrieve leaming sessions

For example, the Session Manager uses the following algorithm in the process “Accessing

Web site”:

Procedure Accessing Web site {

Call the Procedure Setup Screen
Process an IP request from a teacher
IF IP address is known THEN
Display the Login Web-page
IF the Login data is comrect THE
Call the Procedure Build a Web page
to generate a personalized teacher's Web-page
ELSE Display the Login Web-page
ELSE Display the main Home Page of the Web-site

Procedure Setup Screen {

Detect client-side characteristics
Set up client-side characteristics in the Teacher Model

}

Procedure Build a Web page{
Call the Procedure Update Teacher Model
Call the Procedure Retrieve Teacher Mode/
Call the Procedure /nclude the Menu according to the teacher's Level and Language
Call the Procedure Include a Template for the respective step
Call the Procedure Include Help according to the teacher's Plan
Retrieve resources according to the teacher’s Plan, Level and Language
Call the Procedure Send a page
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This algorithm for “Accessing Web site” calls other procedures, including some that are

part of the Planner and the Helper. For example, the procedure “Build a Web page” calls
“Include a Template”, a procedure that belongs to the Planner, and “Include Help”, a
procedure that belongs to the Helper module. The next algorithm describes the functions of

the Session Manager as a page builder.

Procedure Build a Web page{
Call the Procedure Update Teacher Mode!
Call the Procedure Retrieve Teacher Mode!
Call the Procedure Include the Menu according to the teacher's Level and Language
Call the Procedure Include a Template for the respective step
Call the Procedure Include Help according to the teacher's Plan
Retrieve resources according to the teacher’s Plan, Level and Language
Call the Procedure Send a page
}

Procedure Refrieve Teacher Model {

Retrieve the teacher’s profile
Retrieve the teacher's overlay model
Call the Procedure Retrieve a Plan I/ this procedure belongs to the Planner

}

Procedure Send a page {

Send a Web page to Client side

Establish communication client-server

Start interface agent applet

Start monitoring the interaction teacher-system
}

To process the messages that come from the interface agent, the Session Manager applies

the following algorithm.

Procedure Process interface Agent PostRequest{
Receive a request from the client side
Get parameters from the client side
Pass parameters to the respective programs or modules
Call the Procedure Update Teacher Model
Retrieve resources to send to the client side
Return resuits to the client side

To initialize and update the Teacher Model, our system applies the corresponding

algorithms already described in section 4.2.2.
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Planner

The Planner has two main responsibilities: the generation of the plan and the selection of

resources for the authoring tool.

Main Inputs
Request for a plan; for example, the Session Manager can ask for the next plan to be
followed.

Main Output
A next Step Web page (a plan). For example, a particular template and the text that this

template requires.

Planner Processes

Generation of plan Selection of resources
Define a Plan Define the resources
Venfy Sequence

In order to build the authoring tool section of each Web page, the Planner defines the
appropriate resources. For example, if the teacher’s language is English, the Planner
establishes that the texts have to be in this language. The following algorithm details how a

plan is generated.

Procedure Defining a Plan {

IF there is a current session THEN
Retrieve the identification code of the next step to be performed
Call the Procedure Verify Sequence
ELSE{
IF there is no session available for the current teacher THEN
Ask HELPER to recommend a session
Retrieve the identification code of the first step of a recommended session

IF there is an incomplete session THEN
Retrieve the identification code of the next step to be performed
Call the Procedure Verify Sequence

ELSE ask HELPER to recommend a group of sessions
IF teacher asks for a new session THEN
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Retrieve the identification code of the first step of a new session

Define the template of the step to be performed
Call the Procedure Define the resources
Retumn template and resource definitions to the Session Manager

}

Procedure Define Resources {
FOR each field in the template

Retrieve the field identification
Retrieve resource identification of the resource assigned to the field
Return resource identification and field identification

}
Procedure Verify Sequence {
IF the next step does not follow the cu
Wam the teacher to verify
sequence
}
Helper

ment step THEN
if he wants to continue skipping or foliow the

The Helper is a “device generator” (Virvou and Du Boulay, 1999) or inference mechanism

for adaptation (Rothrock ez al., 2002) that identifies instances that call for adaptation and

decides on the appropriate modifications for the interface, namely to select the resources to

be displayed or recommend a network topology according to the teacher characteristics.

The Helper is in charge of providing the adapted learning support and the problem-solving

support and, therefore, it includes the processes to generate examples and the recommender

of sessions and examples. Tables 6.3. and 6.4.

show some input and output that the Helper

exchanges with the other components of ARIALE.

Table 6.3. Main inputs th

at the Helper receives.

A plan to be performed by the teacher

A step of the task 1 for the activity 3.

Teacher’s attributes The teacher’s skill level (Basic,
Intermediate, Advanced)
The teacher’s class The class of example that the teacher

prefers, let us say 2.
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Table 6.4. Main outputs that the Helper sends to the other components of the system.

Help Resource selection : The identification of an image file.

- A set of recommended sessions A set of learning sessions that match the
_ teacher’s preferred class.
- A set of recommended examples A set of examples that match the teacher’s

preferred class.

Helper Processes

To provide leaming support, this Helper organizes the sequence, frequency and quantity of
information to be sent to the client side, especially the resources needed to provide help
such as text files, multimedia files and complementary applications. The most important

processes performed by the Helper are:

Help definition Recommendation
Define help Generate examples

Recommend sessions

Recommend examples

The next algorithm shows a summarized example of how the Helper defines the help to be

provided:
Procedure Define Help {
Match relationships between teacher's plan and preferences and resources attributes
Define the resources to display the help contents
}

To provide problem-solving support, the Helper also defines and retrieves the sessions with
the examples that are more suitable for a particular teacher, according to the data in the
knowledge base of the system. This process is one of the most important because it
supports the functionality of the Session and Example Recommender. The algorithms
“Procedure Recommend a session”, “Procedure Recommend an example” and “Generate
examples” in section 5.2.6.3 illustrate the methods that the Helper uses to recommend

sessions and examples.
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Interface agent

e On the client side there is an interface agent that interacts with the teacher, monitors
the context and the teacher’s events in order to understand his requests, anticipate
his needs, and decide when to act. The interface agent perceives data related to the
teacher’s mouse events and keystrokes and makes decisions based on this data. The
interface agent does not wait until the teacher loads a new Web page to make
decisions on behalf of the teacher or after the teacher’s confirmation. This agent
exchanges information with other components of the system, sends requests for
additional help if the teacher passes from one help strategy to the next one, and
retrieves additional help from the server side. The Interface Agent updates the
preferred type of presentation (text, image or multimedia) or other preferences in the
server side.

Main inputs

This refers to implicit teacher’s data from interaction with the system, for example, the
clicks that the teacher does over a link to get more information. The interaction between the
teacher and the interface agent occurs when:

e The teacher performs an event, the interface agent initiates a dialogue and the
teacher confirms or rejects the offer included in the dialogue. For example,
although the teacher had rejected an example previously, the interface agent
insists to confirm the teacher’s preference.

e The interface agent detects the teacher’s events and generates changes according
to the teacher’s preferences.

e The teacher describes an example and the interface agent coordinates the
recommendation of similar instances. This function is explained in the section 5.2.

devoted to the problem-solving support.

Problem-solving support Recommended examples.

Request for additional help Requests for additional images with help content.

Display definitions Messages displayed when the teacher moves the
mouse over a link.
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Interface Agent Processes

The interface agent communicates with the components hosted in the server by means of
the Session Manager. The interface agent is also in charge of monitoring the teacher’s
events and retrieving adapted help. Some processes that the interface agent accomplishes
are:

e Monitor the teacher’s events in order to evaluate if the teacher can pass from one
help strategy to the next one. Monitor the teacher’s events to understand his
requests, anticipate his needs, and decide when to act.

e Request for additional help (help messages, examples) if the teacher can pass from
one help strategy to the next one. Send a request for additional help if the teacher
passes from one help strategy to the next one.

e Retrieve additional help (help messages, examples)

e Send data to the server side

¢ Display dialogue windows for the user

e Update the Teacher Model in memory. Update the preferred type of presentation
(text, image or multimedia) or other preferences on the server side, if the teacher

changes them or if they have to be changed without reloading the current step.

An example of how the interface agent works is as follows: the interface agent on the
client-side retrieves new information on demand. To do this, the click event triggers a
JavaScript function that calls an applet function, this applet function calls a servlet in the
server side, and the servlet returns the new required information to the applet. The applet
integrates the new resources in the Web page, which did not have to be reloaded. The
servlet is part of the Session Manager, which asks the Helper to define the resource to
retrieve. In addition, the Helper also predicts the resources that the teacher could ask later

for the same concept later.

6.2. Methodology used to develop our system

The developing of ARIALE was based on two main aspects:
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e Data and implementation are independent (Costagliola er al., 2002); thus,

content adaptation must be easier. This means that no template has a static
component such as text, or image and each template is filled dynamically.
e The system has a typical three-layer model (Cristea and de Mootj, 2003; De Bra et
al., 2003; Koch, 1999, Costagliola et al., 2002):
o a presentation level, to display information;
o a storage level, with the physical representation of data (files and database
entries),
o a logical level, with the correspondences between data stored in databases
and the structure of the templates; these correspondences are according to

the teacher’s skills, plans and preferences.

Taking into account those two main aspects, we had to create the following method to build
our hypermedia system because we did not find a complete method to develop intelligent
help systems for authoring tools. Our method integrates fragments from other methods and
guides for building ITSs (Kimiavi, 1998), EAH (Wu et al., 1998), help systems (Selbach ez
al., 2003), and adaptive interfaces (Rothrock et al., 2002). Our method has two parts: the
first is intended to create the general functionality of a Web site and authoring tool; the

second part includes the intelligent help.

6.2.1. Part 1. Implementing the Web site and the authoring tool.

Requirement analysis.

In this phase, the needs of the course designer' were partially defined in order to be mapped
to initial Web pages. The expert content required was also defined, the general tasks that
the implementer teacher (author) had to perform were identified, and the most important
areas of problem-solving support and learning support were also detected. For example, we
had to identify the type of course that the designer wanted, the output he wanted the system
to generate and the method that the implementer teacher and the system must follow to

produce a learning session for a student. In addition, it was necessary to define the content

1 The designer of the example of a Network Design course that we use in our system is Dr. Felisa J.
Vazquez-Abad.
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related to the domain or area of expertise (Decision-Making and Network Design) to be

used in the authoring tool. At this level, it was clear that the author needed to receive
examples and some support to perform tasks.

Task analysis

. The general tasks for authoring a learning session were broken down in sequences of more
detailed tasks and these were refined until they identified specific actions (click a button,
write an instruction) that an author had to perform in order to create a learning session.
Once these actions were identified, the different types of support were also defined. For
example, we pointed to the events that call for learning support and problem-solving
support.

Definition of authoring tool contents.

In this phase, the contents to be displayed as part of the authoring tool were defined and
included in the database.

Prototype of the authoring tool.

A first prototype of the authoring tool is produced with no help nor adaptation added. This
phase involves many activities:

o Implementing the Web site. We applied the Relationship Management Methodology
(RMM) for Hypermedia Design (Isakowitz et al, 1995). This method helps the
designer to identify the different nodes of a Web site and their links and types of
navigation. The hypermedia structure is seen as a set of relationships among
information objects (nodes). RMM is a seven step methodology to manage
relationships between information objects of a high structure and high information
volatility. Using an entity-relationship diagram, relevant entities are selected to
group their attributes. The access to the groups of attributes (slices) is designed by
using uni-directional and bi-directional links between slices of an entity. Navigation
between entities are implemented by means of menus, guided tours or indices. An
advantage of RMM is its focus on the design of the navigation through a
hypermedia application.

The navigation design starts in step one (E-R design), to define the entities and their
relationships; this step is useful to detect data to be reused. In step two (slice

design), the presentation of each entity and the user access are defined. Each entity
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1s split into slices as in a hypertext network (interconnected slices), and one slice

1s chosen as the head of the entity. This step generates an entity-relationship
enriched with information about slices (E-R+ diagram). Third step involves the
design of the paths to navigate. This means that information components, their
groups and the ways to access them are defined. Specific entity attributes are
grouped and menus or guided tours are designed to allow the user’s navigation. The
result of this step is a Relationship Management Data Model (RMDM) including all
the access structures to be used in the hypermedia application. The next step 1s
intended to map the RMDM into objects, such as a HTML form, a hyperlink or a
pop-down menu. In step five, different objects (buttons, images, text fragments) are
arranged in a particular layout screen. The sixth step 1s critical because the designer
must define how the navigation will work. For example, navigational mechanisms
are implemented to bring the user forward or back between different entities,
namely Web-pages. The last step consists in the construction of the hypermedia

application. Figure 6.10. shows the seven steps sequence.



PN

163

S1 E-R Design
ER Diagram
S2 Entity Design

l ER+ Diagram

33 Navigation Design

RM Diagram

9

S4 Convertion to widgets

Convertion rules
v

S5 User-Interface Design

l Scream desigri

S8 | Run-time Behavior Design

l RM+ Diagram

S7 Construction

Hypermedia application

Figure 6.10. Sequence of the seven step Relationship Management Methodology (RMM)

for Hypermedia Design, adapted from (Isakowitz et al., 1995).

Creating the Teacher Model, the Cumiculum, the Planner, an initial Session
Manager, the resources for the authoring tool and all the components required in
order to have a functional Web site.

Building the interface

Creating Web pages.

Coding the different fields in each template in order to make the integration of help
in Part 2 easier.

Implementing the navigation between Web pages.

A page-builder engine was developed to generate Web pages dynamically.
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6.2.2. Part 2. Implementing and integrating the help system.

Identify variables that call for adaptation

In this step, it was necessary to define the information that the system had to take

into account for the adaptation. In ARIALE, the main sources of adaptation are

User Performance (mouse events, for example) |

User Goals (plan to be performed)

User Knowledge (previous experience teaching a subject, for example)

User Groups (recommending to the user something that is common to the user’s

group), and

User Personality and Cognitive Style (preferences and examples used for teaching)
Related to these sources of adaptation, we use three more specific types of variables that
call for adaptation: variables activated by a system event, such as when a Web page is
loaded or unloaded; variables that are activated when the teacher performs events
explicitly, such as clicking a link; and, variables that are activated without any explicit
intention of the user, but result from his interaction with the system. For example, when the
teacher’s teaching style changes, the system recommends other teachers’ sessions, which
are different from the sessions suggested previously.
Determine the type of adaptation to be performed
In this case, the help content, the medium to display help messages, and the help techniques
are the most important aspects that are adapted in ARIALE. In the case of help techniques,
the recommendation of sessions and examples was also one of the types of adaptation
determined.
Define the inference mechanism.
This is the mechanism that reacts to changes in the teacher’s information or triggers
functions when an event occurs and decides what modifications have to be made in the
interface. For example, generation, testing and recommending a topology that matches the
teacher’s teaching style is a process that the system performs when the teacher clicks a
button to generate a new topology in the network editor.
Definition of help contents
The actual texts, images, animations and video for the help were defined in this step. The

generator of examples was also created.
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Definition of the content structure

The organization of the help content included not only defining attributes to classify help
resources but also defining the classes of examples to be classified and developing an
example classifier.

Definition of the relations between fields in templates and contents.

In this step, we linked the help to the interface components (indexation). For example, the
recommendation of sessions was linked to the Session Selector Web page. The different
texts for Introductions were indexed to each “MORE” link by means of a table in the
database.

Because the approach for the development of ARIALE is prototyping, the method

explained previously is iterative and many aspects can be improved during later repetitions.

6.3. Implementation

ARIALE is a prototype of a Web-based assistant made up of:
e A Web site including
o an authoring tool to create learning sessions in teaching network design and
o a help system to support teachers while they are using the tool.
The intelligent help system has two main functions:
Generates, tests and recommends examples and learning session to teachers
Offers adaptive context-sensitive and Web-based help about how to use the
authoring tool.
These general solutions involve more specific problems and their corresponding solutions.
In the next section, we describe the organization of the Web site, the general layout of the

system interface and the structure of the authoring tool.

6.3.1. The Web site

While there are available simulations, tools, and resources, there is not a Web site that
supports the gradual development of expertise according to the Pedagogical Model
explained in chapter four. Our solution to this problem is a Web site that allows teachers to
access the site from wherever they are. The justification for using a Web site instead of a
stand-alone desktop application is the possibility of offering easy access with minimal or no

requirements of installation of software on the client-side. The benefit of using a Web site
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1s that i1t affords the access not only to university professors but also to any teacher

interested in supporting teaching in a distance-learning environment.

This Web site is developed using HTML (Hypertext Mark-up Language), JavaScript, Java
Server Page (JSP), Java Servlets and Applets. The server that supports the site i1s Tomcat
3.1. The content of the Web page is stored in a database supported by MySql 3.23.58.

The Web site can be seen as a hypertext structure with a main node (Home page) and two
branches: an area for the general public and an area for registered teachers. In the area for
public access there 1s information about the services available, the option of registration for
new users, and the link to the Web page for registered teachers. In the area for registered
teachers, there is the authoring tool composed of a set of templates called “Steps”. After
logging 1n, a teacher can access the steps through the “Session Selector” Web page. The
navigation between steps is sequential, but the teacher is free to jump from one step of a

task to another task. Figure 6.11. illustrates this structure.

: v Login : ;| Session
: i _~H Selector [~ ;
d .

:' »/{1- ’tl . h {I
5 // AT TSN T ;
| / // /1 |Task1 | |Task2 | fTask3 | |
/// Registration ':/ i ‘ :
s /i I |
‘ t | [step1 |{|step1 |||Step1 | |
ACCESS anip Home . p p p :
P | LPage N\ A ‘ |
E \ | Demonstration || @ | ‘ i
! \ i i [step2 ||[step2 ||[step2 | |
] \\ : i :'
: N\ i : L 5
: \[ Courses i} |Step3 | Session | | i
' % information o Assignation |

N H T

Public area Teachers’ area

Figure 6.11. Structure of the Web site.

6.3.2. General user interface layout

In many applications, a teacher must switch from one window to another window or frame

to check the help information. This type of switching from one window to another requires
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the teacher to remember (to keep in his short-term memory) help information from a

help window in order to apply it in the authoring tool. Sometimes the help window can be
confused with other windows and the switching process becomes more disruptive. This is a
cognitive overload that needs to be eliminated or at least reduced. In order to offer less
disruptive help, our system has a standard layout for all the Web pages in the site. We
decided that
e our system does not use additional windows that oblige the teacher to interrupt his
workflow and take him out of his current environment. The use of additional
windows will be permitted only in the case of problem-solving support.
e the left area of the screen 1s used to display the menu for navigation
e the authoring area uses the middle area of the screen and

o the right area of the screen is used to display help information.

These decisions are based on the following four criteria:

e Parallelism. Parallelism (Yu et al, 2003; Yu, 2002), means that information
required by the user can be displayed simultaneously in a parallel manner, for
example, a column of information on the left side accompanied by a column with
complementary information on the right.

o Embedded help. Embedded help (Weber, 2000) is displayed in the same screen and
window that the user is working on.

o Shortened line of text. The line length of text used in this layout is between 35 and
70 characters to avoid excessive movements of the eye and neck from the end of
one line to the beginning of the next line (Lynch and Horton, 2001). These
movements slow down reading causing retention rates to fall.

e Short paragraphs enable the teacher to scan instead of read. Shorter paragraphs and
shorter lines of text allow the user to quickly scan and find the information he is
looking for (Spool, 1999; Murray, 2003). Spool found that people do not actually
read Web pages because they prefer to scan text in order to find keywords.

~
/ N

Figure 6.12. shows the standard layout of the user interface for the Web site. This layout 1s
intended to support novice teachers, and it remains almost the same for advanced teachers,

except some changes are made to benefit the latter’s use of the Web site.
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_Images

Figure 6.12. The standard layout of the user interface.

The standard layout is important in order to help the teacher create an image of the tool. It
is difficult for any user of Web sites to create a mental model of each application they can
access, but an advantage of using a standard layout is that the teacher will be able to
recognize the functions of the authoring tool easily. Another advantage of this interface
structure is the possibility of generalizing and then applying it to other activities where we
can have a main working area as the authoring area and a complementary area as the help
area. For example, in an e-commerce Web site it is possible to find a main area for
electronic payment and a complementary area with adaptive context-sensitive help in the
same Web page. Using this three-area layout, the system can change the contents in each

area easily.

6.3.3. Menus

The menus support three levels of navigation with a different menu for each level of

navigation:
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o For the general public (visitors, non registered teachers).

e For the selection of learning sessions.

¢ For the authoring environment.
A general rule in this research is to maintain a small number of options that the teacher has
to analyse when making decisions. Because Cognitive Load Theory (CLT) recommends not
using a greater number of options for selection, each menu has no more than seven links.
The use of this type of context-adaptive menu is helpful in this project and in other projects
where very complex menus can generate cognitive overload. This is an application of a
technique of navigation that recommends hiding or disabling links in order to support the

user’s navigation (Brusilovsky, 1996).

Level for the general public

This level allows any person to navigate the site without using the authoring tool. The links
in this menu are:

Courses. This link shows the Home page of the Web site.

Nenwork Design. This links shows general information about the Network Design course.

Health Services. This links shows general information about a potential course related to
Medicine.

Financial Risk. This link shows general information about a potential course related to
Finances.

E-Auctions. This link shows general information about a potential course related to
Electronic Auctions.

Login. This link allows any registered teacher to enter his username and password in
order to use the authoring tool.

Register. This link allows any person to enter his data and become a registered teacher.

Demonstration. By clicking this link, it is possible to see a demonstration about what it is
possible to do on the Web site.

Example. This link allows any person to test a limited version of the authoring tool
without saving their changes.

French and Spanish. These links allow the visitors of the Web site to choose the

language used to display information. Figure 6.13. shows the menu for the general public.
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Figure 6.13. The menu for the general public.

Level for the selection of learning sessions

When a teacher logs in the Web site after providing his username and password, he enters
the level for the selection of learning sessions and sees a menu (See Figure 6.14.)
associated with this level. This menu allows a teacher to navigate the authoring tool at the
level of selection of learning sessions. This menu reduces the options to the minimum
because the teacher has few tasks to perform. The links in this menu are:

Courses. This link shows the Home page of the Web site.

Sessions. This link shows the page to select a session 1n order to edit it.

Profile. This link shows the tool to edit the teacher’s profile with his personal
information, background, preferences and level of expenience.

Logout. This link allows the teacher to close the current session and start another one by
going to the Home page of the Web site. Figure 6.14. shows the menu for session

selection.
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Figure 6.14. The menu for the session selection

Level for the authoring environment.

This menu (Figure 6.15.) allows a teacher to navigate the authoring tool to change activities
or go to different tasks. This menu reduces the options to the minimum because the teacher
has few tasks to perform. The links in this menu are the same as at the previous level plus
the following links:

Activities. This link enables the teacher to select the activity he wants to author.

Task 1. This link lets the teacher select Task 1 in order to author it.

Task 2. This link lets the teacher select Task 2 in order to author it.

Task 3. This link lets the teacher select Task 3 in order to author it.
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Figure 6.15. The menu for the authoring tool.

6.3.4. The Web pages for the general public

In the area of the screen that is used for the authoring tool, different information is
displayed according to each level of navigation. For the general public there are contents
that give basic information about the services available. These contents are related to the
objective of the Web site, information about offered courses, a demonstration of the
functions of the authoring tool, an access to a limited version of the authoring tool with a
session, the registration forms, and the login form. The characteristics of the contents of the

authoring tool area for the other two levels are described in the next section.

Courses (Home page)

The Home page shows general information about the objective of the Web site (See Figure
6.16.). This page is displayed when any visitor enters the Web site or when he clicks the

“Courses” link in the menu for the general public.
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Figure 6.16. The Home page of the Web site.

Course information pages

Each course information Web page shows general information about courses available
currently and others available in the future. In Figure 6.17. it is possible to see information
about the Telecommunications course. These pages are accessed by clicking the

corresponding links in the menu for the general public.
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Figure 6.17. Information about the Telecommunications course.
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Demonstration

The Demonstration Web page is a slideshow that displays images and text with information
about the functions of the authoring tool. This option allows any visitor to get a general

idea about what the Web site provides. Figure 6.18. shows a slide of the demonstration.
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Figure 6.18. The demonstration shows the services of the Web site.
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Access to an example

The area for the general public includes a worked out example of Task 1 of the Reliability
activity of the Network Design course (See Figure 6.19.). Any visitor can, as a guest, access
this example, edit it, test the help available, and get a rough idea about what he will be able

to do after registering. This option allows any visitor to get a general idea about how the
Web site works.
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Figure 6.19. An example Web page of the authoring tool is available for general public.

Register

The registration process is the method that the system uses to acquire explicit teacher data.
The registration is a set of forms that the teacher has to complete with his personal
information, preferences and academic background. Data are stored in the database and the
system uses this information to initialize the Teacher Model (see chapter four). When the
teacher finishes the registration phase, he receives a username and password (See Figure

6.20.) and the system offers him the option to start using the authoring tool (See Figure
6.21.).
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Figure 6.20. The system uses the Registration process to acquire explicit information from

the teacher in order to initialize his Teacher Model.
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Figure 6.21. At the end of Registration, the Teacher Model has been initialized and the

teacher receives his username and password.

Login

After registering, the teacher has his login and password needed to log into the authoring

tool. Once the teacher’s usemame and password are validated, the teacher can access the
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authoring tool and the system simultaneously loads the comresponding Teacher Model.

Loaded in memory, the information in this model supports the decision that the system will

make. A snapshot of this Web page is shown in Figure 6.22.
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Figure 6.22. The login Web page validates the teacher’s username and password.

6.3.5. The Web pages for the implementer teacher

We built an authoring tool for teaching expertise in decision-making, a process that is
complex and has to be developed gradually by repeating similar exercises until achieving
an expected degree of expertise. This tool is a Teacher’s Virtual Authoring Space (T-VAS),
which allows each teacher to adapt contents to his particular pedagogical goals. The
concept of T-VAS derives from the Teacher Virtual Office (TVO) used by BestNet
(Vazquez-Abad et al., 2001). TVO is an environment where the teacher can manage the
information about courses (marking, assignation of exercises, etc.).

In general terms, the objective of this authoring tool is to decrease the skills and time
needed by an implementer teacher to create or adapt an existing curriculum to his particular
goals. In order to achieve this objective, the authoring tool supports the teacher to modify
and readapt some contents to create specific learning sessions. For example, contents can
be modified by entering new contents in forms designed with this goal. The teacher can
also reuse the resources provided by the designer and other teachers because the authoring

tool allows each implementer teacher to select learning session from a list of session
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created by other implementer teachers. As a result, a teacher can build a learning

session, either by reusing examples or by changing previous sessions. After that, any
learning session and resource added or changed by a teacher is saved in a base of sessions
to share with other implementer teachers and designers.

Our authoring tool is neither a tool for designing a complete instance of a curriculum nor a
tool to change the structure and functionality of the Web site; instead, this authoring tool
enables implementer teachers to adapt some contents of a previously-designed curriculum
in order to reflect their own teaching styles. The tool is simple in order to encourage its use
by teachers who find authoring tools difficult to use. Consequently, our authoring tool is

the result of tradeoffs among scope, depth, leamability and productivity (Murray, 2002).

Functions and layout

This section presents the design of the Web-based authoring tool in order to answer the
following question: Which specific functionalities and characteristics of an adaptive
hypermedia authoring tool will enable teachers to adapt learning sessions to their
requirements, limitations and pedagogical goals?
A learning session is a set of Web pages with a sequence of tasks and steps that students
have to perform. The authoring tool allows the teacher to insert part of the information that
the students will see in each Web page. This tool also includes an example editor that is
explained later. The information that the teacher can edit refers to his pedagogical goals. A
learning session is also a set of Web pages with a sequence of tasks and steps that reachers
have to edit in order to author a learning session for the students. By editing some fields in
each Web page of the authoring tool, the teacher adapts or customizes the leaning session
according to his teaching style. The system stores the information entered by the teacher in
a database and the system can reuse this information and build the Web pages that the
students will view. The main functions of the authoring tool are to:
e provide a Teacher’s Virtual Authoring Space (T-VAS) that allows each teacher to
adapt contents to his particular pedagogical goals.
e acquire and save the instructions, criteria and pedagogical goals that the teacher
wants the students to take into account in order to perform each task.
e acquire and save the examples the teacher wants the students to study in each task.
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e allow the free navigation among different activities, tasks and steps.

To support these functions, the authoring tool has some Web pages that map the order of

activities and tasks described in chapter four.

The selection of sessions

In order to load learning sessions, the authoring tool has a Session Selector Web page that
allows a teacher
e to create a new session from scratch
e to reuse his old own sessions or sessions created by other teachers.
For a novice teacher, the session selector Web page offers a short presentation of the
objective, procedures, activities and tasks to be performed. There is help associated with the
different parts of the presentation. In the case of an advanced teacher, this presentation is
omitted. The Web page also has two buttons:
e The “Create a session” button, which allows the teacher to pass to the first step of
the first task of the first activity to be performed.
e The “Open a session” button, which offers a list of available sessions that the
teacher can edit.
The session selector Web page is the space that allows feachers with similar characteristics
to share their sessions, reusing them partially or completely. Beside the “Open a session”
button, the system offers the list of the current teacher’s finished sessions followed by the
other teachers’ sessions. The method to find the teachers sharing similar characteristics 1s
explained in chapter four. In chapter five we explain how the system recommends other

teachers’ sessions. Figure 6.23. shows a Session Selector Web page for a beginner teacher.
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Figure 6.23. The Session Selector Web page is the gate to start authoring a learning

session.

The Web pages for authoring sessions step-by-step

In general, the Web pages of the authoring tool provide information and mechanisms to
acquire and save the instructions, criteria and examples the teacher wants the students to
study in each task. For each task there are particular templates, one for each step to be
performed. Each template has a particular structure composed of different sections and
fields. There are four sections in each template (see Figure 6.24.):
Head. This section provides information about the current course, teacher, session,
activity, task and step.
Goal. This section instructs the teacher about the task he has to perform in the
current step.
Edition. This section provides instructions and mechanisms for entering or changing
information and for creating examples.
Navigation. In addition to the menu, there are buttons that allow the teacher to go
ahead, back or jump between the steps. Figure 6.24. shows an example of sections

in a step.
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Figure 6.24. Each step has four sections: head, goal, edition and navigation.

Each section has fields that change or not depending on their functions:

Variable fields. There are two types: fields that change with each step and fields that
change when the session or the activity changes. The fields that change with each
step are the descriptions of the fask, the step, the step goal and the instructions that
the teacher must follow. These fields change every time a new step is loaded. For
example, the step description in a Web page is “Edit a description of the task™ and
in the following step the step description changes to “Edit a description of Example
1”. The fields that change when the session or the activity change are the
descriptions of the session and the activity. The description of the course and the
usemame are fields that remain without change during the entire time the teacher is
authoring a learning session. For example, the activity description changes once an
activity is finished or when the teacher jumps to another activity.

Fixed fields do not change. For example, navigational buttons (next, back), the links
“View” (to view the result of the edition of a step) and “More” (to see more help)
are constant.

Session fields. These are the fields that the teacher edits in order to tailor the session
according to his pedagogical interest. For example, the teacher can write some lines

of text with instructions for students and click check-buttons in order to define some
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values that students will have to take into account. Figure 6.25. shows different

fields.
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Figure 6.25. The fields display information that changes or not with each step.

The process of authoring a learning session consists of many Web pages and each one is a
step in this process. Each activity of a learning session always includes three tasks and
each task has some steps. Our system also includes a viewer that allows the teacher to
check the result of his work. The steps are detailed in the next section. ARIALE includes an

editor of examples specialized in the edition of network topologies, which is described in

section 6.3.7.

6.3.6. Editor interfaces for different steps

Depending on each step, task and activity of the curriculum, the editor shows different
interfaces with additional functions or disables some of them. The different interfaces used

for the three tasks are explained as follows:

Task 1.

The Task 1 (Comparison of two examples) has three steps:
Step 1. The step 1 is intended to capture instructions and the criteria that the students will
use to compare the two topologies of the Task 1 example. This step includes forms in

which the teacher can write instructions for the students. Figure 6.26. illustrates Step 1 for
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Task 1 and the embedded context-sensitive help (text-based) linked to the hyperlink
“MORE”. In Figure 6.27. there is another example of Step 1 with visual help.
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Figure 6.26. A variable activated by a click (Rodriguez et al., 2004a) in Step 1.
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Figure 6.27. Step 1 interface with help using an animation.

e Step 2. This step allows the teacher to provide the first example he wants to use in
order to compare it with the example of step 3. This step also includes a form for
optional instructions and an editor to define the example that the students will
compare with a counter-example.

e Step 3. In the step 3, based on the previous example, the editor supplies a counter-
example. This example has the equivalent measures of performance, but the
configuration of the topology is different.

An example viewer. Each step has a “View” function that displays the results of the
authoring process. This viewer shows two examples in a student page. The viewer shows
the network graphs, the link attributes and values, the types of links and the measures of
performance if the teacher decides to show them. Figure 6.28. is an example of the

interface of the example editor in step 2 of Taskl1.
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Figure 6.28. The interface of the example editor in Step 2 of the Task 1 of the Reliability
activity.
Figure 6.29. shows the corresponding viewer interface for this step 2 of Task 1 and Figure

6.30. shows an example of a final result of authoring this task.
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Task 2.

The Task 2 (analysis of sensitivity) has two steps:

o Step 1. The step 1 allows the teacher to define a topology with only one type of link
where students will have to add or delete links in order to change the measures of
performance of the topology, as in the case of the Reliability activity. In the case of
the activity “Concentrator Location”, the students have to play with changing the
number and location of concentrators in the network, and, in the Capacity allocation
activity they have to modify the capacity of a link in order to analyze the sensitivity
of the network to these changes.

Figure 6.31. is an example of the interface of the example editor in step 1 of Task 2.
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Figure 6.31. The interface of the example editor in Step 1 of the Task 2 of the Reliability
activity.
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Figure 6.32. shows the corresponding viewer interface of the example editor in step 1 of

Task 2.
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Figure 6.32. The interface of the Viewer in Step 1 of the Task 2 of the Reliability activity.

e Step 2. The step 2 of Task 2 is basically similar to the step 1, and the system offers
this step because the teacher might want to specify another topology instead of
reusing the previous example used in step 1. Figure 6.33. shows the corresponding

viewer interface.
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Figure 6.33. The interface of the Viewer in Step 2 of the Task 2 of the Reliability activity.

Task 3.

The Task 3 (competition to optimize a network design) has two steps:

Step 1. The step 1 allows the teacher to explain the rules that the students have to follow
during the competition.

Step 2. The step 2 allows the teacher to define the goal that the students have to achieve.
For example, the teacher can define a reliability level or a particular cost that the students
have to achieve by modifying the given topology. In fact, the editor reuses the example
provided in the step 1 of Task 1, but the teacher can create a new example or reuse one of
the examples shared by other teachers. Figure 6.34. illustrates the interface of the example
editor in Step 2 of the Task 3 of the Reliability activity.
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Figure 6.34. The interface of the example editor in Step 2 of the Task 3 of the Reliability

activity.

6.3.7. Editing examples

The tool used to create network topologies is the topology editor (see Figure 6.35.). This
editor allows teachers to edit examples of the type of network they want their students to
analyse. It also allows teachers to try changing links and nodes until they get the network
they want the students to receive. The example editor is based on the NetEditor developed
as part of the BestNet project (Vazquez-Abad et al., 2001). NetEditor is a tool with a
graphical user interface used by the BestNet Web site to allow students to improve their
skills in network design. The editor was designed to provide an easy tool to create examples
of network topologies because the configuration of so many links is more difficult in a text-

based tool. Qur editor allows the teacher to create a static model of a network.
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Figure 6.35. Interface of the network editor.

While the teacher is authoring a session, he can use this editor to define the configuration of
a network topology. Using the graphical editor, the teacher can manipulate nodes and links
as drag-and-drop objects with different properties. These properties can also be edited.
Most importantly, the graphical editor allows the teacher to visualize the network
configuration in a WYSIWYG' style. Figure 6.36. shows a general view of the graphical
user interface of the example editor embedded in a Web page.

! What You See Is What You Get



Figure 6.36. The editor of network topologies is a specific resource used in the Network
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Functionality

In order to support the editing of examples, the example editor has the following general

functions:

acquiring teaching styles (each teacher’s expert knowledge)

displaying examples

editing examples

performing the required calculations of network measures of performance.

displaying different interfaces according to the current step (context).
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* recommending shared examples among teachers.

e generating examples
The general editor interface includes buttons that allow the teacher to access different
functions. The use of buttons facilitates quick access to the functions instead of navigating
a hierarchy of menus. At the top of the editor there are buttons with general functions such
as load a topology, generate a new topology, and change the background. On the right there
is a panel with the types of links available, buttons that allow the teacher to access
functions related to the manipulation of links and nodes. When the teacher starts editing an
example, the editor provides the following functions:
a. Load. Loading an example that can be selected from two lists:

e The teacher’s old examples list, and

* The other teachers’ examples list (examples that are shared by other teachers).

Figure 6.37. illustrates the Load function of the editor.

Figure 6.37. The Load function allows teachers to retrieve examples.

The other teachers’ examples are a list of recommended examples. If a teacher wants to

retrieve examples of other teachers from the case base, he can select one from the menu of
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other examples of the same class. The system recommends these examples because they

are similar to the examples that the current teachers prefers to use (see section 5.2.). Figure
6.38. shows a dialog with some examples recommended as part of the Load function in the

example editor.

Figure 6.38. Recommended examples in the example editor.

b. Generate. Sometimes a teacher does not want to reuse a session or a particular example,
but rather he prefers to receive more recommendations. The editor can supply a new
example when the teacher clicks the Generate button at the top of the editor. The example
generator is detailed in section 5.2. Figure 6.39. shows an example generated

automatically.
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Figure 6.39. The editor generates new topologies on demand.

¢. Clear. This function just removes the nodes and links of the current network in order to
prepare the editor for the creation of a new topology.

d. Save. This function saves the example in the database of resources of the system. Saving
a topology is a complex process that includes different phases.

1. Storing the configuration of the network as part of the step where the editor is
currently displayed. This process also includes linking the topology to the task,
activity and session which the step belongs to. The configuration includes
information about the number of nodes, the position of nodes, the node that is the
concentrator, the type of link between each pair of nodes, the background of the
topology (usually a map of a city), the measures of performance of the network
(reliability, cost), a text-based description of the topology, and the class in which the
topology is classified.

2. Classifying the current topology in one of the classes of network topologies. This
classification process is the basis for the case-based reasoning and learning
technique used by this system. The Bayesian classification learning used in this

system is explained in section 5.2.
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The save function displays a dialogue where the teacher specifies the name of the

topology to be saved. The teacher can also include a description of the topology and specify
if he wants the editor to display the measures of performance of the network and the
attributes of the links. Another option allows the teacher to define whether or not if he

wants to share this example with other teachers. Figure 6.40. shows the Save dialogue box.

Figure 6.40. The system saves each topology as part of a session.

d. Change image. This function changes the background of the topology. A background can
be a map of the city where the network topology is supposed to work, for example.

e. Link types. There are six link types that the teacher can use to connect nodes. Each type
is a medium of transmission (twisted, coaxial, fiber, infrared, microwave, satellite)
identified by a different color.

f- Set type. This function allows the teacher to redefine the charactenistics of a specific type
of link according to his goals. By default, the designer of the curriculum defines a series of
global values for the different attributes of a type of link. Using the set type function, the

teacher can change the default value of the cost of a twisted connection, for example. The
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teacher can also add or remove attributes to a link type, and he can decide whether or

not to show the link type attributes. The process to set a link type includes two sub-
functions:

¢ To set up the nominal values of the attributes for a certain link type.

e To add an attribute to a link type.
The first sub-function is triggered when the teacher clicks the “Add Link™ button, and it
displays a window to select the new values for the default attributes of this example. In the
case of the second sub-function, when the teacher clicks the button “Add/Remove”, another
window replaces the previous one and shows a form to specify a new attribute to add and
its corresponding nominal values. To remove an existing customized attribute, the teacher
has to write 1ts name to delete it. If the user does not want to add or remove more attributes,
he clicks on the Back button and the application closes the current window, and then opens
the Set Link window including the new attributes. In this way, the user can see the
attributes that were added. In addition, this dialogue window allows the teacher to specify
whether or not he wants to display the values of each type of link in order to show them to
or hide them from the students. Figure 6.41. illustrates the dialogue used to reset link type
values, and Figure 6.42. shows the dialogue box to specify new attributes.

Figure 6.41. Set link options dialogue is an editor feature to change the values of the
atiribute of the link types.
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Figure 6.42. The teacher can add or remove attributes of link types.

8. Add link. This function allows the teacher to add a link of a particular type between two
nodes.

h. Delete link. This function allows the teacher to delete a link between two nodes.

i. Set link. This function is used to vary the attributes of a specific connection between two
nodes. Figure 6.43. shows the dialogue box to change the attributes of a certain link.

J. Add node. This function allows the teacher to add one or more nodes to the topology.

k. Move node. This function allows the teacher to relocate a node. The links that connect
the node to other nodes will follow the selected node by stretching themselves.

I. Delete node. This function allows the teacher to delete one or more nodes of the

topology. By deleting a node, its links to other nodes are also deleted.
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Figure 6.43. The attributes of a particular link can be reset.

6.3.8. Delivering support

As the previous components (menus and authoring tool), the system organizes in three
levels the support to be delivered. These levels to access to information in the Web site also
are: the general public, the level to select leaming sessions and the level for authoring
sessions. These levels of access to support are different contexts that determine not only the
information to be displayed in the menus and authoring tool, but also in the help area of the
interface (the right area of the screen). For example, all the templates of the different steps
belong to the level of authoring session, and when the system is creating a Web page it uses
a page-builder that integrates a menu, a step, and a help page with information at the same
level. For each level, different information will be available according to the teacher’s
model and the subject to be taught. For example, when the teacher is accepting a leaming
session that ARIALE recommends to reuse or edit, he does not need specific information
about the different steps to be performed later, but would benefit more from general
information about activities and tasks.

For our system we have designed different contexts distributed in the three levels of
navigation:

e Level of general public
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o General information about the Web site, the authoring tool and the

different subjects available for teaching; this level also includes information

about the registration process and the login process.

e Level of the selection of learning sessions
o More specific information. For example, context-sensitive help (leaming
support) about the subject, activities and tasks, and problem-solving support
by means of recommendation of learning sessions.
o Level of the authoring tool
o At this level, the teacher has access to specific information about each field
in the step. For each step, the system retrieves all the help content related to a
certain level of complexity, but the information is not provided all at once.
Instead, the system provides learning support one chunk at a time. Hence, the
teacher receives just-enough information and he does not have to scan long
lists of links to find possible help. In the case of problem-solving support, the

system recommends topologies in the example editor.

6.4. Scenario of interaction

When a registered teacher enters, the system asks him for a login and a password. An
invalid password implies the teacher should update some requirement or register again. If
the password is valid, the Session Manager retrieves information from the Teacher Model.
Based on the Teacher Model, the Planner arranges the sequence of steps to be followed by
the user according to the teacher’s characteristics and the current step or template to work
on. The Helper, which assigns the support for the activities organized by the Planner,
generates the help associated with the plan that the teacher will perform and includes this
help in the template to be sent to the client side. The Helper selects the strategies,
techniques, content and media to guide the user according to information available, and
asks for the resources needed to train the teacher such as text files, multimedia files, and
complementary applications. By selecting and retrieving the resources needed, the Session
Manager creates the Web pages where the user will author learning sessions. Once the

Planner and the Helper have finished their job (providing a plan, defining resources and
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recommending sessions or examples), the Session Manager sends the corresponding

Web page to the client side. The Interface Agent is embedded in a dynamic Web page that
the teacher will see. On the client side, each dynamically created Web page looks like a real
Web page that integrates material in a template; however, no page is permanently stored
because each one must be generated according to a particular teacher’s profile and adapted
to a particular interaction context. Nevertheless, the Session Manager stores the structure of
each Web page, with details of the location of each field and the resources and events
associated with each one. Doing that, the system would be able to re-build the Web page in
the future and to generate statistics about the history of the interaction with the user.

The Interface Agent will process each new piece of information entered by the teacher.
Depending on the explicit and contextual information, the Interface Agent could ask the
Session Manager to coordinate the generation of a new Web page of the authoring tool with
the guidance that the teacher needs. However, the Interface Agent not only monitors the
user’s context and his actions to send the information required to adapt to the teacher’s
leaming and teaching styles, but also asks whether to change some aspects of the user
interface if necessary. This agent can provide unsolicited help or guidance according to the
events performed by the teacher, the level of complexity of the task and also the
preferences of the teacher. After each request of the Interface Agent that monitors the
teacher’s events, the system generates virtual Web pages on demand. FEach page is
generated on the fly by combining various media objects from the base of resources
according to a template for a Web page. The following algorithm summarizes this general

scenario of Teacher-System interaction (Rodriguez et al., 2004a).



Procedure General Scenario of Teacher-System Interaction {

Call procedure Accessing Web site

IF the teacher is new and accepts to load a recommended session THEN

Display a recommended session

IF there is an incomplete last step THEN
Resume the last step that the teacher was performing
Call the procedure Build a Web page

IF the teacher does not have incomplete sessions THEN
Recommend sessions to be reused
ELSE let the teacher create a new session.

Call the procedure Buikd a Web page

WHILE the teacher is authoring
Monitor user's events

IF a predicted event occurs THEN
Identify where the cursor is focusing

IF the event calls for learning support THEN
Offer learning support

ELSE Offer problem solving support

Update counters of the interaction

IF event implies internal changes THEN
Update fields with internal data

IF event implies external resources THEN
Update fields with external data
Call the Procedure Update Teacher Model

IF the step is finished THEN
IF there is a next step THEN
Call the Procedure Update Teacher Model
Select a new step template
ELSE plan is finished

Save the learning session
Call the Procedure Update Teacher Model
Update the system knowledge
Update the Web page
END of WHILE
END

Procedure Accessing Web site {

Call the Procedure Setup Screen
Process an IP request from a teacher
IF IP address is known THEN
Display the Login Web-page
IF the Login data is comrect THE
Call the Procedure Build a Web page
to generate a personalized teacher's Web-page
ELSE Display the Login Web-page
ELSE Display the main Home Page of the Web-site

202
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Procedure Setup Screen {

Detect client-side characteristics
Set up client-side characteristics in the Teacher Model

}

Procedure Build a Web page{
Call the Procedure Update Teacher Model
Call the Procedure Retrieve Teacher Mode/
Call the Procedure Include the Menu according to the teachers Level and Language
Call the Procedure Include a Template for the respective step
Call the Procedure Include Help according to the teacher's Plan
Retrieve resources according to the teacher's Plan, Level and Language
Call the Procedure Send a page

}

Procedure Retrieve Teacher Model {

Retrieve the teacher’s profile
Retrieve the teacher’s overlay model
Call the Procedure Refrieve a Plan /I this procedure belongs to the Planner

}

Procedure Send a page {

Send a Web page to Client side

Establish communication client-server

Start interface agent applet

Start monitoring the interaction teacher-system
}

A more specific scenario related to a particular example is as follows. First, we imagine
the case of a novice teacher who has to start using the site to create a leaming session on
Network Design. Specifically, that teacher must begin with the analysis task of the
activity “Reliability” to offer a series of network configurations the students must
compare. The Planner uses the information from the Teacher Model, the Pedagogical
Model, and the Curriculum to define the menu and the authoring tool contents. The
Planner checks the Teacher Model, the Curriculum to teach and the Session-Base to
know to which step of which leamning session the teacher goes. After that, the agent
defines which resources are required and passes the information to the Session Manager.
The Helper deals with the information from the Teacher Model, the Pedagogical Model
and the Session-Base to define the support that must be provided to the teacher. This
Planner and the Helper deliver their definitions of contents to the Session Manager;
then, the Session Manager integrates both parts and an instance of the Interface Agent in
a Web page to send to the client-side. This Web page includes a navigation menu on the
left side, a form for authoring the task, and, the learning support will be displayed on the
right side.
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In the client side, the teacher receives a Web page that is a template of a set of actions

to generate an assignment on which students are required to write an essay comparing
different network configurations. Our beginner teacher has entered the environment,
filled in the registration forms, but he does not know what to do first. The system has
stored the information that he has never used the Web site, he prefers to receive text
based support, and he learns slowly. When he had to choose between creating a new
session or reusing one from the session-base, the Interface Agent advised him to use a
session from the session-base because following an example would be better for him.
The author can edit more aspects, change a picture of the network topology and so on

and the system will record his job.

65. Low level interaction

The method designed for the communication between the teacher and ARIALE allows the
teacher to interact by performing events over different Web page components (widgets).
Each field in a Web page has particular components. For example, in one field it is possible
to find a text link, in another field there could be a text box or a radio button. Qur system
shows almost the same type of components in each Web page although the contents are
different. Independently of the course, session, activity or task, the teacher is going to see
Web pages with a relatively standard layout and internal structure. Some sections and
widgets are frequently in the same location and, when particular events occur to a certain
widget, the teacher sees messages with similar help techniques. This design criterion makes
the interface more predictable, and, at the same time, content and help presentation is
adapted to the context (plan, user’s skills, etc.), as described in Figure 5.7.

The widgets or components can react to determined events (mouse movements and
keystrokes) to display particular messages, and these messages use resources that are
associated with help techniques. The techniques and events are also associated with fields in
a Web page. Furthermore, each widget is an access point to help potentially. The main idea
behind this help system is to support or guide the teacher instead of teaching him, for this
reason the use of widgets and events allows the teacher to retrieve information about the
interface components he 1s using to perform a task (Encarnagio, 1997). Then, a particular

help technique is called up when an event occurs when some rules included in the Web page
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are triggered depending on the event performed. This set of rules says which events

trigger determined help techniques depending on the teacher’s skills, plan, and preferences.
For example, if the teacher’s skill is classified as a beginner, he is authoring a task of
analysis of cases, and the help strategy is Basic, then a “MORE” reacts to the mouse click

displaying an introduction.

Widgets, events and techniques

In our system, we designed active and passive help. The passive help is displayed when the
teacher triggers an event with the intention of getﬁng help. For example, the teacher clicks a
“MORE?” link to see information related to specific fields of the Goal and Edition sections,
or the teacher clicks the button “GENERATE” to ask for a recommended network topology.
Active help is provided when the system or the teacher trigger events as a result of the
interaction teacher-system. For example, the system recommends a worked example to edit

when a novice teacher starts using the Web site (see Figure 6.44).
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Figure 6.44. A message to recommend a session.
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Because many users know that on MouseMove or OnMouseOver events can generate help
messages, this system profits from this existing rule of interaction to provide active and
passive help. For example, once the Web page is sent to the client, if a teacher moves the
mouse over a radio button, he can see a text-based definition related to the concept
associated with this radio button. The system offers this definition, and the teacher does not
have to find this help among a list of options that includes all the information available for
the complete Web site. The text that the teacher can read is also a resource adapted to the
teacher situation, after passing the filtering process explained previously. In this way, the
system keeps the teacher in control of the flow of help provided, and at the same time, it

manages the complexity of selecting appropriate help.

In another case, if a teacher starts writing (onFocus event) in a text area, then he receives a
hint. If the teacher rejects this type of hints three times, the system adapts and disables this
rule. The number of rejections to disable this rule has chosen arbitrary. To enable the rule
back, the teacher must edit his preferences manually, by accessing the profile manager in
the “Profile” hyperlink. This and the previous examples illustrate the use of active help. The
passive help is used every time the teacher clicks the link “MORE” to get additional help.

Table 6.5. depicts the relationships existing among components, events and help techniques
when the help strategy is “Basic help” (see section 4.12.). This table shows the respective
help technique in the cell where the component row and the event column intersect. Each
pair of event and component is associated with a help technique to generate a meaning for
the teacher. This meaning facilitates the further identification and use of each type of
relationship to get help (Rodriguez et al., 2004b).
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Table 6.5. Relationships between help techniques, events and components for Basic
Help.
EVENTS
COMPONENTS : A — — _
Onload OnBeforeUnload | OnClick | OnMouseMove | OnFocus |
e T T
Web page:
: INSTANCE
INTRO-
Text link
DUCTION
Bufton DEFINITION
‘Radio butfon DEFINITION
Check button DEFINITION
Text area HINT

In the cases of intermediate and advanced teachers, the structure of components and events

remains the same, but some help techniques change. The system will not have to prompt

recommending worked-out examples to intermediate and advanced teachers when they

enter the session selector Web page. Instead, they will see their own examples to reuse, and

the system will recommend passively other teachers’ sessions. Figure 6.45. gives a picture

of the session selector offering other teachers’ sessions after the sessions authored by the

teacher. Intermediate and advanced teachers will know that other teachers’ sessions are

available. This is the reason why the system does not use the Instance help technique in

these two levels of a teacher’s skills or experience.
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Figure 6.45. The session selector sorts the other teachers’ sessions after the sessions

authored by the teacher.

The other important change in the case of intermediate and advanced teachers occurs when
they click on the “MORE” text link, because different techniques are displayed. In the case
of intermediate teachers, the techniques for these events and components are
Demonstration, Guide and Tutorial (Guidance strategy), but Demonstration can not be
displayed when the teacher prefers only text because Demonstrations are based on animated
mmages. For this type of teachers, the system provides text-based guides and short tutorials
when the teacher clicks on the “MORE” link. The same occurs in the case of the advanced
level because if the teacher prefers text he will receive text-based examples, analogies and
quick references.

Table 6.6.. illustrates the structure for the Guidance help strategy.
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Table 6.6. Relationships between help techniques, events and components forzo9
Guidance.
Components Events
OnBeforeUnload | OnClick OnMouseMov] OnFocus
? ’ e
Web page HINT
Text link DEMONSTRATION
GUIDE
TUTORIAL
Button DEFINITION
Radio button DEFINITION
Check button DEFINITION
Textarea HINT

Some examples of help provided depending on the events are:
-A hint that offers an instance prompts when:
e The Session Selector Web page is loaded.
e The teacher focuses on a text area to write an instruction after rejecting the previous
hint.
-A definition is displayed when:
e The teacher moves the mouse on a button.
-An introduction 1s displayed when:
e The teacher clicks a “MORE” link while the Basic help strategy is activated.
-A demonstration is displayed when:
e The teacher clicks a “MORE” link while the Guidance strategy is activated, and the
medium preferred by the teacher is image and text or multimedia.
-A guide 1s displayed when:
e The teacher clicks a “MORE?” link while the Guidance strategy is activated.
-A tutorial is displayed when:
o The teacher clicks a “MORE” link while the Guidance strategy is activated, and he

has seen the demonstrations or guides available.
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-A quick reference is displayed when:

e The teacher clicks a “MORE” link while the Assistance strategy is activated.
-An example 1s displayed when:
e The teacher clicks a “MORE” link while the Assistance strategy is activated and he
has seen the quick reference available.
-An analogy 1s displayed when:
e The teacher clicks a “MORE” link while the Assistance strategy is activated

and he has seen the examples available.

In general, the onLoad event is associated with hints that offer instances (sessions), the
onMousemove event displays definitions and clicking the “MORE” links offers more
adaptive and context-sensitive help. For each link in the menus only definitions are

displayed directly on the menu area. Figure 6.46. illustrates one case of help for menus.
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screen.
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A set of techniques, events, and widgets

ARIALE uses the help techniques, events, and widgets described in Table 6.6. because they
are simple and many of them are well-known by people. For example, definitions displayed
as context-sensitive help, pop-up messages with hints, demonstrations and guides, are
familiar to many users of computers. The events that we selected are very common for
Internet users, for example, and the teacher only needs basic knowledge or skills using
computers to use the Web site. In the case of events, the system does not have to ask the
teacher to click or double click the right button of the mouse and a context menu many
times. When he performs a simple event he can receive help. An advantage of linking help
to widgets is the teacher receives information directly related to a particular component in
the step. Each widget becomes an access to help. Some widgets have acquired a particular
meaning that is shared by many users. For example, a text link is supposed to send the user
to another Web page or trigger an additional action such as prompting a dialogue box;
buttons are usually related to actions and procedures.

Figure 6.46. shows the structure of a template with the different fields (widgets) and the
help techniques that depend on the mouse events to be displayed. The techniques are

mapped to specific resources that have the complexity and other attributes required.
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events.
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Another aspect related to the interaction of teachers with the help system is the display

mechanisms used to supply help. One of the most important criticisms directed at active
help 1s that this type of help disrupts, generates cognitive overload, and increases problems
using an application or a Web site. To reduce this difficulty, we decide to avoid or reduce
to a minimum the use of balloons, tool-tips (layers) and pop-up windows. Additionally, a
user needs particular help, not a Web page full of all the help available for the site. Loading
a page with more help topics than necessary is not efficient if only a part is required. While
a specific line of help text on a long Web page could be highlighted to remark its
relationship with a particular topic, the rest of the help is still not necessary. This is a
typical problem of the FAQ-based help. Why does the teacher have to download 100 topics
to see only the help that is relevant for his current task? To avoid this, we have applied a
solution that takes advantage of the knowledge-based human-computer interaction (Fischer,
2001) used by our system. The solution is to provide only the help required by a teacher
when he is loading a new Web page (Self, 1998), and also predict only the help that he may
need if the help previously loaded becomes insufficient. Another important aspect of this
system 1s that the help contents are displayed embedded in the Web-page window.

Embedded help

As described 1n section 6.3.2., there is an area in the browser window that displays help.
Our system displays the help content on the right side of the screen and leaves it there until
new information takes its place. Thus, the help appears within the same window, rather than
in a separate help window. Furthermore, when the teacher needs help, he does not have to
leave the browser window where he is working. This decision was made because of the
switching problem that a person faces when he is going to the help and coming back to the
working area many times until he solves his problems and finishes his current task (see also
sections 2.1.3. and 5.3.5. ). Thus, it is possible to deduce that he will want to have the help
available many times to consult it until the problem is solved. In addition, the Teacher
Model keeps a record of the last help content displayed for each field in each accessed Web-
page. This history is a key data to resume the task with the same help contents if the teacher

logs out and come back later.
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Interaction history

To support its decisions about the help to provide, the system keeps a history of the
interaction of the teacher with the authoring tool and the help system. As explained in
chapter four, the Teacher Model includes this history with the following data for each step
and field:

e Teacher’s experience. Our system keeps records of the number of times that the
teacher has done or completed each step. For example, if a teacher has authored
two complete leaming sessions and he is currently performing step 2 of taskl,
ARIALE knows that the teacher has authored the step 1 three times, because step
1 1s a requisite of step 2.

e Teacher’s performance. ARIALE also stores the number of times the teacher has
accessed each type of help message in each step. For example, if a teacher clicks
to see help related to a particular field in step 2 of task 1, then the counter of this
help increases and its value is saved to the Overlay Model.

Every time a teacher finishes a step, the records of his experience and performance are
updated in the database. This process is part of the method to update the Teacher Model,
already explained in sections 4.2.2. and 4.2.3. The system uses the information included in
the updated Teacher Model to infer and predict which help the teacher needs when he starts

authoring a new step.

6.6. Conclusion

This chapter detailed the implementation of our system ARIALE (Authoring Resources for
Implementing Adaptive Learning Environments). We discussed the general structure of the
Web site, the three-tier architecture of the system, its knowledge-base and the modules
(Session Manager, Planner and Helper) that process that knowledge to make decisions such
as building a Web page, recommending examples or providing other types of help adapted
to the implementer teacher. These sections in chapter six explain the layout of different
Web pages, the general functionality and the main processes that the system performs.

This chapter also detailed the method used for building our assistant, principally the
aspects related to the design of the Web-site, the authoring tool, with emphasis on the editor
of network topologies, and the intelligent help. Finally, a walk-through shows a general
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scenanio of interaction between a teacher and our system and a specific scenario of

interaction that shows an example of the back-end behaviour of the system. We included an
explanation of the low level interaction of the teacher with widgets, focusing on the events
that trigger problem-solving support and learning support.

Chapter six is a portrait of the complexity of building an educational adaptive hypermedia.
The importance of this portrait is that it shows the integration of many methods and
procedures that are usually studied unconnectedly. This integration results in a
methodology to build an intelligent help system and its context in two steps: 1-the
construction of the Web-site with the main application or functionality (the authoring
tools), and 2- the intelligent help. This integration is needed because the authoring tool and
the help must be coordinated.

In addition, chapter six shows the relationships between the different parts of the interface
layout (menu, authoring tool and help) and the levels of access of different users (general
public, selection of sessions and edition of network topologies). The description of the
implementation details related to the interaction between the teacher and the system, in
particular the referred to low level, help us to realize the existence of a general but complex
structure behind hypermedia applications and their users. The concept parallel hypermedia
shows that the navigation through different virtual spaces can be simultaneous. For
example, a knowledge worker in a help desk or call center can navigate multiple
hypermedia t find the solution for the problem of a user asking for support. Just like writing,
painting or making a movie, the creation of multimedia applications or Web sites involves
tools, media, and basic rules to structure messages to facilitate the understanding,
acceptance and use by the people who consume these messages. The organization of events,
widgets, and help contents compouhds a particular syntax to provide the meaning of a
concept or components of a Web page according to the current teacher’s context. This
method of interaction explained in this section 6.4. becomes a grammar that can be reused
by help systems designers.

In the next chapter there is an evaluation of the most important aspects of this investigation,

followed by our conclusions and suggestions for future research related to this subject.
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Chapter 7. Validation, discussion and general
conclusion

Summary: In this chapter we show the results of the evaluation of some functions of
ARIALE, we discuss limitations and strengths of our research, and, in the conclusion, we
emphasize the contribution and innovations of our research and proposes areas for future
research.

The evaluation of our work focuses on measuring the accuracy of ARIALE in
recommending examples of network topologies (problem-solving support). We also

validate the acceptance of the ARIALE help approach by teachers.

7.1. Evaluation

The objectives of our evaluation are to measure
e The accuracy of ARIALE in recommending examples that match the teacher’s
interest.

e The acceptance of the ARIALE help approach by teachers.

Measuring the accuracy of our system is fundamental because the problem-solving support
provided by ARIALE is ité main function, and it relies on the ability of the system to
propose the most appropriate examples rather than overwhelming the teacher with an
overflow of options.

Additionally, recommendation of examples of network topologies is part of the help
approach that ARIALE provides. The trend in training and general e-learning is that
trainers or learners must do a pre-tests and post-tests to evaluate leaming. For learning
support in our case, we prefer to use the Electronic Performance Support Systems (EPSS)
approach (Leung, 2001) with knowledge-based personalized help, but without pre-test or
post-tests. An evaluation of the subjective perception and the satisfaction that teachers
express about ARIALE approach allow us to get a measure of the acceptance of this

approach by teachers engaged in authoring teaching materials.
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7.2. Evaluation of the accuracy of the recommendations

The evaluation of the accuracy of the recommendations involves a comparison of our
Bayesian classifier based on measures of performance of topologies, and a k-NN
(k=1 Nearest Neighbour) method. The degree of difficulty of each method and its
performance are analyzed; the results of the evaluation justify the use of our Bayesian

classifier based on measures of performance of topologies.

To evaluate our system, we applied the accuracy criterion to check if the system
recommends good examples and counter-examples. As explained in sections 5.2.1.
and 5.2.4., an example is a network topology with different number and types of
links, no more than seven nodes, no more than 20 links and three basic measures of
performance (reliability, capacity and cost). A counter-example is another topology
with measures of performance equivalent to a given example, but with a different
number of links than that of the given example. According to Bengio and Grandvalet
(2003), a standard measure of accuracy is the prediction of error. Given a number of
instances in a data set, “the accuracy of a classifier is measured by performing a
number of classifications and dividing the number of correctly classified instances by
the total number of instances™ (Lavesso, 2003). In our validation, we not only tested
the accuracy of our Bayesian classifier (see sections 2.2.7 and 5.2.6.) but also
compared it to another Bayesian classifier based on the types of links used in
topologies, and to a k-NN (k=1 Nearest Neighbour) method. The accuracy of our
recommendation method was validated by the following three ways:

e 10-fold cross-validation of each of the three classifiers.

¢ Comparison of the performance of the Bayesian classifier based on measures of

performance with the other classifier.

e Analysis of recommendations.

7.2.1 Cross-validation

Cross-validation is a procedure that consists of dividing the training dataset data into a

number k of blocks or partitions. Testing is performed by extracting one partition from

the dataset; each example of the extracted block is classified to measure the error rate of

the classifier. After finishing with a partition, it is reinserted into the dataset and another

block of examples is tested. These operations are repeated for each partition, and finally,



an average of the number of errors is calculated (Stone, 1977). The inverse of thi5217

average shows the degree of accuracy of the classifier.

We ran 10-fold cross-validation to validate our classifiers. This means that we took a
training dataset with 200 topologies, which were classified manually into the six classes
explained in section 5.2.6.1. The set was divided in ten partitions of 20 topologies; each
partition and each topology of each block was tested, using the remaining 180
topologies as the training dataset. We tested the Bayesian classifier and the £-NN
classifier, and the results are as follow.

Results of the Bayesian classifier based on the measures of performance of topologies
According to a 10-fold cross-validation, the accuracy of our Bayesian classifier based
on the measures of performance is 94%.

After 10 tests, the number of errors was 12. This number was divided by the number of
test (10) to achieve the average. The average error was 1.2 for the 10-fold cross-
validation. This means that this classifier has 6% error according to the test developed
with the training dataset of 200 topologies (20 topologies for testing and 180 for training
for each test). This classifier works with six classes of topologies (see section 5.2.6.1.)
based on the following measures of performance: reliability, capacity, and cost. The
number of links in each topology is also taken into account. While the general
functionally of our classifier is described in section 5.2.6., some examples of classified
topologies are discussed in this section.

For example, topologies A and B (see Figure 7.1.) are part of the set of 200 topologies
that we used for testing. They have equivalent measures of performance so that the
classifier classifies them into class one. They are high reliability networks with medium
capacity and low cost; B has more capacity and is more expensive but both topologies
are in the same range of values for capacity and cost. According to Table 5.6., a capacity
value is “medium” if it is greater than 10001 Kbps and smaller than 30000 Kbps; a cost
is low if it is smaller than 100001 units (section 5.2 details the structure of a topology
and the calculation of the measures of performance). Topologies A and B are examples
of good classification because the classifier found they belong to the same class. Their

measures of performance are typical of networks belonging to class one, according to
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the definition of classes in section 5.2.6.1. As a consequence of this efficient

classification, it is possible to affirm that given A, the topology B is an equivalent
example. If a teacher prefers to use examples similar to A, ARIALE recommends
learning sessions that contain topologies belonging to class one. The system can also
recommend a list of examples of topologies that belong to class one. In the case of an
automatically generated topology, the classification allows the system to test and filter
the topology in order to reject or recommend it.

Table 7.1. summarizes the measures of performance of each topology.

Table 7.1. Measures of performance of topologies A and B

Topologies
Measures A B
Reliability 5 5
Capacity 10472 (Medium) 18378 (Medium)
Cost 44950 (Low) 90300 (Low)
Number of links 19 19

Each type of link can be identified by a specific color:
Types of link Color

Twisted red
Coaxial green
Fiber blue
Infrared yellow
Microwave cyan
Satellite brown

The attributes of each type of link are detailed in section 5.2.2.
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Figure 7.1. Configurations of topologies A and B.
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Another example of the accuracy of this classifier is the pair of networks B and C, which

also belong to the set of 200 topologies in the training dataset. While B and C are classified

in class one with similar capacity and cost, they have a different number of links (19 and

15). In this case, B is an example and C is a counter-example, and both of them are

correctly classified in class one. The number of links is a criterion that ARIALE applies to

discriminate examples from counter-examples in step 2 of Task 1 in any activity, according

to the Pedagogical Model explained in chapter four. Table 7.2. summarizes the measures of

performance of each topology.

Table 7.2. Measures of performance of topologies B and C

Topologies
Measures B C
- Reliability 5 4
 Capacity 18378 (Medium) 16348 (Medium)
 Cost 90300 (Low) 92200 (Low)
- Number of links 19 15
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B C

Figure 7.2. Configurations of topologies B and C (an example and its counter-example).

Results for the k-NN classifier

According to a 10-fold cross-validation, the accuracy of a k-NN (k=1 Nearest Neighbour)
classifier based on the measures of performance is 96% for the classification of network
topologies in ARIALE.

After 10 tests, the number of errors accumulated was 8, and we then divided them between
the number of tests (10) to achieve the average. The average error was 0.8 for the 10-fold
cross-validation. This means that this classifier runs with 4% error according to the test
developed with the training dataset of 200 examples (20 topologies for testing and 180 for
training for each test). This classifier also works with our six classes of topologies based
on the same measures of performance: reliability, capacity, and cost. The number of links
in each topology is also taken into account. This k-NN classifier measures the dissimilarity
between the measures of performance of a given topology and the measures of performance
of each network in a set of topologies. ARTALE calculates the dissimilarity between each

pair of topologies by using the following equation:

Dissimilaitfa,,a,)=C,(G, ~G,) +Co(R ~R ) +Cofl, ~LY +CL, -L}  0)

where:

e a;and a; are the topologies whose dissimilarity is to be calculated.
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e Gisglobal cost.

e Ris average reliability.
e Tis the total capacity.
e L is the number of links.

o (,;, C, Cs and C,are weights to tune the importance of each of the four criteria in

the dissimilanty calculation.

As the dissimilarity measure increases, the two topologies become more different. A
dissimilarity that is close to zero means that the two topologies are very similar and that
they can be classified in the same class. Figure 7.3. shows two topologies B and D that the
k-NN classifier found very similar. The dissimilarity of these topologies is the smallest
dissimilarity that the classifier found after the comparison between topology B and each of
the other 180 topologies in the training dataset, during one of the 10 tests. According to this
classification, B belongs to class one, which is also the class of D. Table 7.3. shows the

values for the measures of performance for topologies B and D.

Table 7.3. Measures of performance of topologies B and D

Topologies
Measures B D
Reliability 5 5
Capacity 18378 (Medium) 18562 (Medium)
 Cost 90300 (Low) 99350 (Low)
- Number of links 19 20
| Class 1 1
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Figure 7. 3. Topologies B and D are very similar according to the k-NN classifier.

The k-NN classifier could also be useful to recommend a counter-example because after it
detects the class of a given topology, it can find topologies in the same class and verify that
the number of links is different. For example, the k-NN classifier classifies topologies E
and F in class five; they can be example and the corresponding counter-example because
the number of links of E is different from the number of links of F. Table 7.4. shows the

values of the measures of performance of topologies E and F.

Table 7.4. Measures of performance of topologies E and F

Topologies
Measures 1E F
Reliability ~ |2 2
| Capacity . 2238 (Low) 2092 (Low)
Cost - ]22200 (Low) 22700 (Low)
. Number of links =~ 9 13
 Class 15 5
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Figure 7.4. Using the classification of the k-NN classifier, topology E is an example and

topology F is a counter-example.

Selection of the classification method

Although the result of testing the accuracy of k-NN classifier (96%) is better than the result
obtained by the Naive Bayes classifier (94%), there are some reasons to prefer the latter.
The Naive Bayes algorithm is easy to implement because it has no tuning parameters. In
contrast, tunning a k-NN classifier according to other topic characteristics requires a lot of
work and tests. For example, a k-NN classifier requires adjusting the weights of each
attribute properly to generate good results. Instead, a Bayesian classifier is more flexible
and easy to adapt to different domains and number of attributes. In addition, a Bayesian
classifier does not compare an example that is yet to be classified with those already
classified, as the k-NN classifier, which classification time is long. Instead, a Bayesian
classifier can keep a summarized image of the frequency with which different
characteristics of an example appear in the database. The probabilities of the attributes are
updated each time a new example is classified; thus, the classification of a new instance
involves only computing the maximum class posterior probability (Keller, 2002b). In this
way, search time needed to find the most suitable class for an example consumes low time
and memory requirements. Another argument in favour of naive Bayesian classifiers is that
they reduce the latency between requests and answers via Intemet (Webb ef al., 2001;

Miyahara and Pazzani, 2002). A recommender that uses a Bayesian classifier as ours is



—

224
scalable because the number of examples can increase without affecting the time to

respond highly. Table 7.5. shows a comparison of the two classifiers that we tested. This
comparison allowed us to justify the selection of the Bayesian classifier based on measures
of performance because the Bayesian classifier is easier to implement than the k-NN

classifier. Figure 7.5. illustrates the performance of the two classifiers.

Table 7.5. Comparison of the two classifiers.

Classifiers
Aspects Bayesian classifier | k-NN classifier
Parameters required | No Yes
Tunning parameters | No Yes
Accuracy High High
Scalability Easy Difficult

Comparison of classifiers

97% -

96% s

Accuracy
©
(3]
R

94% |-

93% +

Bayesian based on measures of  k-NN based on measures of
performance performance

Classifiers

Figure 7.5. Comparison of the accuracy of the different classifiers.

73  Evaluation of the acceptance of the help approach

The evaluation of the acceptance of the help approach used in ARIALE includes the
analysis of teachers’ point of view about
e automatic generation and recommendation of examples (problem-solving support)
to save time in creating teaching materials
¢ our leaming support approach to reduce the time that teachers need to learn how to

use software required to create teaching materials.
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For this study, we selected 27 teachers that work in the Universidad de Costa Rica (a

public university in San Jose, Costa Rica) and have been using a Web site to teach a
course at least in 2005. We selected those 27 teachers because they have used an
authoring tool to create their Web sites and they were receptive to answer the survey.
Although this survey is an important study, we think that its results are restricted to this
research and can not be generalized to other universities. The teachers are lecturers
(51%; 14 teachers) and staff (49%; 13 teachers), most of them hires a master degree
(51%; 14 teachers), teach courses related to basic sciences and engineering (74%; 20
teachers) and, after more that five years teaching in their area of expertise, they consider
themselves as intermediate (37%; 10 teachers) or advanced (55%; 15 of them) teachers
in teaching their subjects. In this group, we find 13 women and 14 men, and all people
ages are between 30 and 55 years old, except two teachers who are younger than 30
years old. Teachers think that they are skilled users of computers, the 85% (23) of all
interviewed teachers classified themselves as intermediate or advanced users of Internet
for teaching, but 62% (17 teachers) consider they are beginners using a Website to
support teaching.

Each of the 27 teachers was interviewed personally and they answered 25 questions, 12
related to problem-solving support and 13 about learning support (See Annex B). Some

questions refer to the teachers’ experience dealing with authoring tools, other questions
focus on general concepts and principles applied in our research.

7.3.1. Acceptance of problem-solving support

Automatic generation of examples, exercises or cases is not a common practice in the
group of interviewed teachers. More that the half of teachers does not use teaching
material that can be generated automatically, but 45% (12) of teachers think, at least
partially, that the automatic generation and recommendation of examples reduces the
time required to produce teaching materials. More precisely, 30% (8) of teachers agree
that automatic generation and recommendation of examples according to a teacher’s
profile saves time needed to create teaching materials. 4% (1 teacher) of teachers agree
very much this idea and nobody disagree it. 11% (3) of teachers partially agree that
automatic generation and recommendation of examples, exercises or cases reduces the
time that teachers need to create teaching materials. Figure 7.6. depicts the distribution
of these opinions.



226

O Agree very much
W Agree

O Partial agree

0 Not Apply
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55%

Figure 7.6. Distribution of teachers” opinions about the affirmation that generation and

recommendation of examples saves time in creating teaching materials.

An important aspect behind the automatic generation and recommendation of examples
is that university teachers do not have enough time to create their teaching materials,
and, according our survey, 55% (15) of the interviewed teachers consider that the time
they have to create digital teaching materials is not enough. An additional 15% (4) think
the time available barely suffices and 26% of teachers have enough time, or more than
enough, to create their materials. In conclusion, 74% (20) of teachers feel that the time
available to author teaching materials is short and more time is needed. Though
teachers lack time to work on their teaching materials and regarding information
collected in this research, it is possible to affirm that the interviewed teachers feel
comfortable with the automatic generation and recommendation of examples or cases as
a way to get more time available. Figure 7.7. shows the distribution of teachers’

opinions about time available to create digital teaching materials.
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0O More than enough
B Enough

O Barely suffices

O Insufficent 4% 4%
O No time is available T

Figure 7.7. Distribution of the quantity of the time that teachers have to create teaching

materials.

Another aspect is that 30% (8) of teachers, who generates examples, exercises or cases
automatically, considers that between the 10% and 30% of their teaching materials can be
generated automatically by means of particular applications or spreadsheets. These
percentages of materials are important and, based on them, many teachers expressed that
the automatic generation of examples saves time. For example, an economist who teaches
finances told that building models to generate materials automatically is time consuming,
but once the model is working to create examples or cases is easy and saves time.

Regarding the acceptance of recommendations by teachers, we found that 92% (25) of
the teachers accept that a computer or software recommends teaching materials for
teaching, and this percentage of teachers also accept that software uses teachers’ data
related to their preferences to recommend examples, exercises and cases similar to the
ones that they apply in their courses. Although 56% (15) of teachers are not using
examples, exercises or cases that can be generated automatically, 44% (12) of teachers
accept software that generates and recommend examples, cases or exercises according to
their preferences. Figure 7.8. shows the distribution of the teachers who accept automatic

generation of teaching materials according to their preferences.
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Figure 7.8. Distribution of the opinions of teachers who accept software that generates

and recommend teaching materials according to their preferences.

Other aspect of our research is that sharing teaching materials is personalized. In this
case, 85% (23) of teachers want to share their own materials with teachers who teach the
same course. Moreover, 17 teachers (63%) also agree to reuse teaching materials that
are created by other authors, especially if those materials are similar to the materials that
most teachers use often. This means that teachers not only want to share materials, but

44% (12) of teachers also like to receive materials that are close to their preferences as
ARIALE does.

These statistics mean that, although most teachers are not using teaching materials that
can be generated automatically, almost half of the interviewed teachers like automatic
generation of examples or cases that are closer to their preferences. In many cases,
teachers do not figurate out how to model their typical examples just because they are
not familiar with Case Base Reasoning (CBR; see chapter two), for example. They are
used to create documents and presentations that includes images and videos, which can
not be generated automatically, particularly in the area of social sciences. A final remark
of this section that an important percentage of the interviewed teachers accept the
automatic generation of examples, exercises or cases, and the recommendation of them
in a personalized mode, which is better than just sharing materials between teachers
with no adaptation to each teacher’s characteristics.
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7.3.2. Teachers and the learning support approach

According to the survey that involved 27 teachers, 70% of them (19 teachers) consider
that a personalized context-sensitive help that appears in the same window where a
teacher is working, as used in ARIALE, reduces the time they need to learn how to use
software or applications to create teaching materials. In addition, 11% (3) of teachers
agree very much this help approach used in ARIALE, and 15% (4 teachers) partially
agree the affirmation that our leaming support approach reduces the time required to
learn the use of tools to create digital teaching materials. Nobody expressed discrepancy
with our approach but one teacher did not answer this question related to learning

support. Figure 7.9. shows the distribution of the teachers” opinions.

4% 11%

15%

O Agree very much
M Agree

O Partial agree

O Not Apply

70%

Figure 7.9. Distribution of teachers’ data about the advantages of our learning support

approach to save the time the teachers need to learn tools.

The interviewed teachers not only think that our approach saves time in learning to use
an application or authoring tool, but they also prefer our method to display learning
support or help contents embedded in the same window where the teacher is working.
As shown in Figure 7.10., 48% (13) of teachers prefer to receive help embedded in the
same window they are working, as implemented in ARIALE. Other 30% (8) of teachers
prefer help displayed in a window different from the window where they are working,
and 22% (6 teachers) likes to see help contents in a tooltip that pops up near to the

concept about they need support.
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H A new window
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Figure 7.10. Distribution of teachers” preference about displaying help contents.

In this group of 27 teachers, only three teachers (11%) have never used help usually
included in applications or tools used to create digital teaching materials, and most of
teachers access help always (7%; 2 teachers), often (30%; 8 teachers), sometimes (30%;
8 teachers or seldom (18%; 5 teachers). One teacher (4%) did not answer the question
related to this topic. Then, teachers access typical help included in most of software used
to create teaching materials, such as word processors, spreadsheets and authoring tools to
create Web-based courses. Using help included in those applications, the enquired
teachers have faced problems such as they do not know the keywords to find correct help
(18%; S teachers), help contents are too long (11%,; 3 teachers), help is not precise neither
context sensitive (30%; 8 teachers) or there are not examples explaining how to
manipulate software in use (11%; 3 teachers). Of course, teachers face more problems
while using software but the previously mentioned are the major, according data
collected in our survey. To overcome these previous difficulties, 37% (10) of teachers
prefer that the application in use displays available help contents to allow teachers to
make their own decisions about accessing or leaving help. Other 26% (7) of teachers
think that displaying help step by step, starting by short information to gradually show
more detailed help adapted to the teacher’s progress is another good option. However,
11% (3) of teachers prefer a wizard or an assistant to solve the problem which solution
requires help, and 15% (4 teachers) is used to find help information by themselves.
Moreover, when teachers are accessing help, they (30%; 8 teachers) prefer to receive

information about all functions related to the current task that they are performing; or
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only about the specific function that they are using (22%; 6 teachers). For 18% (5) of

teachers, the best way to get support is receiving help only about the functions that are
useful to finish the task that they are performing. In other cases (15%; 4), teachers prefer
help contents of all functions related to the one they are using in a specific moment. Only
one teacher expressed that he prefers to see information about all functions available in
the application or tool that he is using. We did not get answers related to this aspect from
11 % (3) of teachers. According to collected data, teachers prefer help focused on isolate
specific functions and on functions related to the tasks they have on hands. The answers
of most teachers let us verify that they prefer context-sensitive help, gradually displayed
in a passive manner that allows teachers to make their own decisions about rejecting of
accessing learning support.

Not only context-sensitive but also personalized help are preferred by teachers. As
described previously, the interviewed teachers are familiar with traditional help that very
frequently is not personalized. Another aspect is that they prefer to access help adapted to
their knowledge about the applications that they are using. More detailed, 74% (20) of
teachers agree receiving help adapted to their particular knowledge about the use of an
application or tool. In addition, 7% (2) of teachers agree very much to access
personalized learning support, and 11% (3 teachers) partially agree personalized help.
One teacher did not express any opinion, and another one disagree personalized help.
Figure 7.11. shows how teachers preferences about personalization are distributed.
Another aspect related to personalization is that 77% (21) of consulted teachers agree to
receive help contents by means of their preferred medium. For example, people whose
learning style is closer to audiovisual media would prefer multimedia help.
Personalization is a characteristic of support in ARIALE, not only in problem-solving
support but also in learning support, which teachers would appreciate to find in many

other applications and tools to author teaching materials.
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Figure 7.11. Distribution of teachers” preference about help personalization.

A working hypothesis that we used in this research is that teachers disagree to be
evaluated about their knowledge and learning to use an application or authoring tool.
However, 74% (20 teachers) of the interviewed teachers agree that software evaluates
their skills about using applications or tools to create teaching materials. Now, we can
say that evaluating teachers’ progress using a tool is not a barrier for the on-the-job
training approach that ARIALE applies. However, the scarcity of time for learning can
be a hindrance for the evaluation of teachers’ learning. If teachers do not have enough
time for learning, they will not have enough time for evaluations, independent of their
purposes. Collected data show that 30% (8) of the teachers think that the time that they
have for learning applications or tools is not enough, 4% (one teacher) says there is no
time available for learning, and 44% (12 teachers) consider that the time available to
learn the use of applications barely suffices. 22% (6) of teachers think that the time the
have to learn the applications is enough. Figure 7.12. depicts the scenario of the
teachers” opinions about available time to author teaching materials. Furthermore, 55%
(15) of the teachers who answered our survey say that a major problem that they have

faced to use applications is the scarcity of time to learn the use of those applications.
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Figure 7.12. Distribution of teachers” opinions about available time to author teaching

materials.

About learning to use software, we found a contradiction in the teachers’ data, because
37% (10 teachers) of them want to receive formal training previous to getting started
using an application, but, at the same time 30% (8 teachers) agree that learning by doing
is the best way that university teachers can take to progress learning to use an
application. The problem is this 37% (10) of teachers would prefer to receive a formal
course to learn to use software, but for this group time for learning barely suffices. They
partially agree or totally disagree learning by doing. In addition, the survey shows that
40% (11) of teachers partially agree to affirm that learning by doing is the best option
that university teachers have for learning. A subset that represents 15% (4) of teachers is
the people who prefer formal training. 30% (8) of teachers agree learning by doing, and
15% (4 teachers) agree very much learning by doing. 15% (4) of teachers totally
disagree learning by doing to support learning to use an application. The learning style
of the teachers who prefers learning by doing, are self learning oriented and involves
reading books (25%; 7 teachers), accessing tutorials (15%; 4 teachers) and asking help
to other professors (11%; 3 teachers). Figure 7.12. shows the distribution of the teachers

preferences about learning by doing.
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Figure 7.13. Distribution of teachers’ preferences about learning by doing as the best

way that teachers have to learn the use of software.

Cuneo et al. (2000) have analyzed the teachers’ preferences about formal training and
other methods for leaing, and their conclusion is that, in general, universities should
spent more resources in supporting teachers with online help, manuals and computing
staff support than in formal training activities. We consider that our learning support
approach that involves on-the-job training and learning by doing as part of an electronic
performance support system is a good alternative to formal training when there is no
enough time available. Teachers’” data collected by means of our survey support the
affirmation that personalized and embedded help makes the learning support for teachers
more comfortable than traditional help.

7.4. Discussion

Although this research has generated knowledge touching on different areas, our
conclusions are strengthened by offering scientific critics of our own work. In this
section, we examine some aspects of ARIALE.

An initial critics to our approach was that an assistant as ARIALE is not needed because
if a teacher need some support or the creation of teaching materials, he only calls to
human support or live help. For example, if a teacher needs some examples of network
topologies, he only contacts a human teaching assistant, namely “Richard”, and the
teacher receives the examples some hours or days later. But Richard usually can not be a
24 hours helpdesk and, if Richard changes for Charlie, the new assistant must learn the
preferences and characteristics of each teacher. If the teachers needs help to use an
authoring tool, the argument is that he only needs to call support to solve the problem or
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check a Frequently Asked Questions file or Web-page. But a teacher usually prefers

to communicate other teachers or solve the problem by himself (Cuneo et al., 2002)
without checking complex help files. Finally, we decided that an assistant as ARIALE is
a good option because teaching assistants are not always available, they can require a
while to adapt to each teacher and, many times, support is not personalized.

Other critic focuses on that any process to train a person requires a test to diagnostic his
initial knowledge related to the subject to be taught; and, another test after the training
shows the improvement that the trainee experienced. Then, ARIALE should also follow
this approach. However, most people are eager to use any application with no previous
test and training and they prefer the “on-the-job training” style focused on real tasks to be
performed. This is the reason because we adopted the Electronic Performance Support
Systems (EPSS) approach, which provides access to support, tools and resources to
perform tasks in a real work environment. This decision is supported by a test that
included the 27 teachers mentioned in section 7.3. This test used a paper prototype of
ARIALE and a walkthrough method.

A third critics is that a Web-based implementation of ARIALE does not have
justification. This comment is partially true because the EPSS approach, a personalized
embedded help or the generation and recommendation of examples are not exclusive of
the Internet. But it is not forbidden. This project is based on the BestNet Web-site
(Vazquez et al., 2001), which objective was to share tools and examples between teachers
in Australia and Canada. Then, since the beginning, our project was intended to be
accessed from anywhere by any teacher or student, and the structure of an educational
adaptive hypermedia working on the Web is a good option to accomplish those
requirements. On the Internet, a teacher can access his profile, tools and resources with
no dependency in a particular computer that keeps cookies or other type of local files
with his data or applications installed in the client side. The Web-based implementation
made this project more complex and challenging.

An additional critics to ARIALE is that the automatic generation of teaching materials is
not a common research field. This subject and modelling the human teacher
characteristics are two neglected aspects in the area of ITS and EAH in which our
research has contributed. However, just because a subject is new and neglected does not
mean that studying the topic is not justified. Automatic generation is important because
the creation of examples is necessary when there are only few teaching materials to share

or teachers do not want to share their materials. The point here is that automatic
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generation, test and recommendation of examples goes forwards the frequent simple

sharing of teaching materials that other projects use to solve the lack of time to author
teaching materials. Automatic generation studied in this research can be generalized to
other fields related to decision making. In addition, there are no ITS nor EAH that follow
the same approach and pedagogical model adopted in this research, although Chapter
three refers to projects that are related to ours. Hence, there are no similar research
projects with which to compare our approach, and this is coherent with the objective of
this project that is, precisely, to innovate with new contributions.

An important obstacle we encountered is that real implementer-teacher’s experience is
not available in this research. The reason is that we had only one expert, the designer of
the Network Design course used as an example for implementation. This designer was
also the only implementer-teacher and end-user of the system. However, we conducted a
survey intended to measure the acceptance of our approach by other teacher who also
lack time to create teaching materials and to learn how to use author them. Resuls of this
survey are discussed previously in this section. Although our approach has been
evaluated, more specific experiments with more implementer-teachers and courses in
other fields related to decision-making should be conducted in the future.

Experts in Intelligent Tutoring Systems, Educational Adaptive Hypermedia, and User
Modeling asked why the Pedagogical Model is not the Teacher Model in this research.
Usually, any ITS or EAH has only one designer’s approach for teaching a subject and no
implementer-teacher is taken into account. As a consequence, the Teacher Model is static
and embedded in the Pedagogical or Expert Model. For this reason, other researchers do
not justify modelling the teacher as we do. But the idea behind this research is to allow
the inclusion of different teachers’ visions and characteristics. Another criticism is that
there is no justification for our Teacher Model if the teacher can be treated as a learner.
However, the teacher’s role and goals are different from those of students, and it is
convenient to take into account each teacher’s characteristics, not only for learning but
also for teaching. Chapter four details not only our view of the Teacher Model but also
the Pedagogical Model behind it.

Limits

We did not study the aspects related to the students in this research. This abstraction was
necessary to focus on the implementer-teacher’s context, but did not leave us time for the

integration of traditional teachers’ and students’ fields of study. As a consequence, we
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did not analyze how to help implementer-teachers with the adaptation of lessons to fit

each student’s characteristics.

Although we have proposed an authoring space for implementer-teachers, we were not
interested in developing fools for course designers because they were not our focus. To
design curricula, the access to our system is limited to designers supported by high-level
computer science professionals.

Another aspect is that ARIALE is not designed for teaching decision-making with
emphasis on numerical methods that could be very specific for particular subjects. This
could leave out some teachers whose teaching styles are based on the use of numerical
methods, but our approach is to support teaching based on qualitative approaches, expert
knowledge, and heuristics. The interest of this research is to provide an approach that is
different and complementary of numerical ones and this is the reason because we decided
to focus and deep in our proposal, leaving out other options.

The next section focuses on the innovations and contributions of our investigation. These
contributions make ARIALE new, different, valuable and useful for the solution of
practical problems in authoring educational adaptive hypermedia and in the development
of intelligent help systems.

7.5. Conclusion

We started this research with five questions included in the first chapter. The first
question asks the structure and functionality of an assistant to support teachers authoring
learning sessions in decision-making. To answer this question, we designed and
developed an assistant which structure and functions include a probabilistic generator
and a recommender of network topologies that provides examples according to the
teacher’s characteristics. Automatic generation and personalized recommendation of
examples are functions which distinguish our system from others. In addition, this
assistant learns from its interaction with teachers. An assistant that uses methods and
techniques of artificial intelligence to solve problems related to the support of authoring
teaching materials is an important step forward in the progress of educational adaptive
hypermedia.

A second question that guided our study refers to the specific functions and
characteristics of an authoring tool to adapt teaching material according to each teacher’s
pedagogical goals. Our authoring tool divides the curriculum of any course into the
main concepts. Each concept maps to an activity that allow three specific tasks to be
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done. These three tasks implement the pedagogical strategies used for teaching in our

Pedagogical Model (section 4.1.): analysis by comparison, sensitivity analysis and
optimization. The different tasks are accomplished by following a sequence of steps and
actions (Rodriguez et al., 2003). Using the authoring tool, the teacher can reuse learning
sessions and examples and edit them. The authoring tool includes an editor of network
topologies and both of them are discussed in section 6.3.

The third question focuses on how the system generates and recommends examples to
support teaching decision-making. The generation of examples uses a probabilistic method
that provides a great variety of examples. The system can generate new examples according
to the teacher’s preferences and add each new example to the base of cases. The generation
of examples, that can be modeled and represented by means of numerical structures,
decisional tables or graphs, such as network topologies, is not commonly used by ITS and
EAH. To test and recommend or not each example generated automatically, ARIALE
applies principles and techniques of artificial intelligence, such as a classification learning
(Bayesian classifier) and the Case-Based Reasoning (CBR) approach. Using classification
leaming and CBR is an important improvement over previous EAH that did not take into
account teachers’ differences and the evolution of their teaching styles. Automatic
generation and the recommendation of examples are explained in section 5.2.

This type of support and the recommendation of examples are parts of an intelligent help
system that helps the implementer teacher while he is authoring leaming sessions. More
specifically, when teachers are using the authoring tool to create an interactive learning
process in decision-making, an adaptive hypermedia intelligent help system can help them.
To help teachers, ARTALE chooses the appropriate type of help (problem-solving support,
leaming support or both of them), and the respective content and media to display the
content. The procedure to define help is related to the fourth question: How does the
system make decisions about which kind of help content to show, and which media to use
for displaying the content? Chapter five explains the procedures that ARIALE uses to select
the examples of leaming sessions, network topologies, help contents and media to display
the selected contents. In summary, our system uses a Bayesian classifier to test and select
examples of network topologies; a learning session is recommended if the class of its index

is the same of teacher’s preferred class (teaching style); to choose contents for leaming
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support, ARIALE filters help contents which attributes match the teacher’s skills, plan

to be performed the help techniques associated to them and the teacher’s preferences, such
as language or media (see section 5.3. for details). Hence, support provided is adapted to
the teacher’s characteristics, leaming and accumulated experience accessing the support.
The teacher’s attributes, leaming and experience conform a Teacher Model that models his
teaching styles and is the basis to personalize support. In addition, we found that there are
not enough studies on traditional help for desk applications and about the help required for
Web-based authoring tools. In this research, we are presenting an initial and non exhaustive
partial analysis of traditional help and Web-based help as an attempt to address the
problems related to supporting teachers that author teaching materials.

The final question in our research refers to the procedure that the system applies to learn
how to help teachers in a personalized or customized way. Our answer is that mformation
about the interaction between the teacher and the system allows ARIALE to learn how a
teacher uses examples to teach and how he uses help, thus enabling the system to customize
the support to be provided. More specifically, our system complements artificial
intelligence techniques as Bayesian classification and Case Base Reasoning (CBR) to learn
about teachers preferences. In addition, ARIALE keeps, classifies and use data related to
each teacher’s teaching style, attributes, learning and experience using examples. ARIALE
learns from these data to improve future support to teachers.

This research not only let us to answer the five questions previously discussed, but our
investigation also allowed us to make some contributions and innovations in the area of

Educational Adaptive Hypermedia.

7.5.1. Main innovations and contributions of our research

The recommendation of learning sessions and examples, the automatic generation of
examples, and the leaming of the teacher’s decisions related to teaching style and help, are
the most important contributions of this research. In addition, we contribute with other
innovations intended to improve the role of the implementer teacher in authoring EAH. In
this section, we summarize our main contributions and other contributions are described in

the next section.

Recommender of session and examples
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Our idea of providing more personalized problem-solving support is a new one and is a

step forward to support more intelligent collaboration between teachers, beyond the simple
sharing of examples. To surpass the simple sharing of examples, ARIALE uses a
probabilistic recommender supported by a Bayesian classifier that reduces the complexity
of finding an appropriate learning session or example for a particular teacher. ARIALE
supports teachers to author interactive learning sessions by adapting support according to
their characteristics, plans, and skills. Using a teacher’s profile to adapt problem-solving
support is an innovative aspect that distinguishes our solution from other types of authoring
tools. Most authoring tools in ITS and EAH areas do not have traditional help nor
knowledge-based problem-solving support. The results of the evaluation of our classifier in
comparison with other classification methods (see section 7.2.) let us to affirm that our

recommender 1s appropriate for the recommendation of learning sessions and examples.

Example generator

The automatic generation and testing of examples or cases to recommend the examples that
match a specific teacher’s interests, is an innovation in the fields of Intelligent Tutoring
Systems and Educational Adaptive Hypermedia. The generation of examples is based on a
probabilistic method and this type of automatic generation is intended to reduce the effort
required by the teacher to create support materials. If a teacher reduces the time that he
needs to author this type of teaching materials, then he will be free to spent this time in
dealing with edition of video, audio or other multimedia resources that are not only time

consuming but also difficult to model.

An assistant that learns from the interaction with the teachers

Another important aspect of this research is that ARIALE learns from the interaction
between our system and the teacher. This interaction allows ARIALE to leam each
teacher’s teaching style and its evolution. For example, ARIALE leams when it identifies
the class of examples of topology that a teacher prefers. The system also learns when the
teacher switches to use topologies from another class because information is updated in the
Teacher Model (section 5.4. details how the system leams). Because the teacher chooses
and edits examples, this process allows the system to learn the teacher’s teaching style, to

improve future support. Our solution proposes not only to acquire and share expert



241
knowledge from the interaction between the teacher and system, but also to learn how

to recommend sessions and examples according to the teacher’s evolving knowledge.
ARIALE also learns from the progress in the teacher’s level of experience using the

authoring tool and the help associated.

With these main contributions, this research has achieved its intended objective: finding an
option to support teachers who do not have enough time for authoring teaching materials or
leamning how to use an authoring tool to create materials. But this research generated other

contributions that are described as follows.

7.5.2. Other contributions

As a complement to the main contribution summarized above, other contributions of our
research in the field of EAH are a flexible Pedagogical Model oriented not only to teach
students but also to support teachers; a Teacher Model that models each implementer
teacher and that evolves according to the decisions that each teacher makes while he is
authoring teaching materials; a Virtual Authoring Space (VAS) for implementer-teachers;
and, a method for the design and development of an Intelligent Help System for an

authoring tool.

A more flexible Pedagogical Model

The classic approach in EAH uses a unique Pedagogical Model oriented to students that
each teacher must follow. In ARIALE, the Pedagogical Model is more flexible because is
oriented to students and teachers. This Pedagogical Model is hybrid because not only
contains how to teach a particular subject to students, but it also includes how to support
each teacher while he is authoring leaming sessions. In addition, the authoring tool allows
the implementer teacher to tailor the Pedagogical Model by changing contents and
examples. In this shift, the Pedagogical Model becomes an instrument to support teachers,
more than to conform a perfect automatic teacher. Finally, traditional tutors and EAH are
designed for formal teaching or training oriented to evaluation, but in this case we adopted
the Electronic Performance Support System approach, intending it to supply personalized
support while the teacher is authoring a leamning session. In our Pedagogical Model,
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learning to use an authoring tool is not a requirement for teachers. Learning is a by

product of accesing support. Section 4. 1. éxplains the Pedagogical Model.

Another view of the Teacher Model

Our main innovation related to the Teacher Model is that we use an evolving model of the
implementer teacher. The examples and pedagogical goals that a teacher uses to teach a
subject are decisions that can change with the pass of the ttme. ARIALE monitors the
decisions and stores data related to them. Doing this the system not only updates each
teacher’s information but also leamns and improves its ability to deliver future support. In
addition, we do not see the teacher as a typical student. Rather, we see the teacher as a
worker who can learn while he is on his job. Section 4.2. details the Teacher Model.
Another important aspect is that our research deals with teacher modelling, which is a
neglected aspect of Educational Adaptive Hypermedia (EAH) and Intelligent Tutoring
Systems (ITS). The Teacher Model that we have implemented includes information about

e teaching and leaming aspects

e teachers’ skill levels for each task
In ARIALE, this information about the implementer-teacher is stored and applied to the
recommendation of leaming sessions, examples, and the adaptation of help. We not only
worked on the theoretical definition of this model but also on its application. In addition,
this model is part of the bridge that we built between course designers and implementer-

teachers.

A space for the implementer teacher

Another new aspect is the development of a Virtual Authoring Space (VAS) for
implementer-teachers (section 6.3.). This VAS 1is the authoring tool that allows
implementer-teachers to interact with and adapt an educational adaptive hypermedia to
their interests. This tool supports an intermediate level that is absent in classic ITS, EAH,
and authoring tools, which usually includes only a space for students and other for
designers of complete courses or curricula. As one of the features included in the authoring
tool, there is a Network editor that allows teachers to configure topologies according to
their preferences. This editor is the current interface between the recommender of examples

and the teacher.
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About the implementation

As a result of our experience developing ARIALE, we have integrated parts of some guides
and methods for the design and development of hypermedia applications and Intelligent
Help Systems (section 6.2.). This is a contribution to the development of authoring tools for
Adaptive Learning Environments (ALE). This method includes a phase for implementing
the Web site and the authoring tool that follow the typical methods used in software
engineering. Another phase is for the creation of the help system. The following is a
summary of the method that we used:

Part 1. Implementing the Web site and the authoring tool.

Requirement analysis

Task analysis

Definition of authoring tool contents
Prototype of the authoring tool

Part 2. Implementing and integrating the help system.

Identification of events that call for adaptation (see section 6.2.2.).
Determination of the type of adaptation to be performed
Definition of the inference mechanism

Definition of help contents

Definition of the content structure

Definition of the relations between fields and contents

This method i1s complemented by the architecture of the system, which includes
components such as the Teacher Model, a recommender, an example generator, and an
engine to provide help. The implementation of ARIALE has been complex because it
covers two environments: authoring and helping to author. This involves working with

both the learning and teaching styles of the teacher.

7.5.3. Integration of other important concepts

Parallel hypermedia is a concept that we introduce to represent the integration of different
hypermedia (the authoring tool and the help in ARIALE) that the teacher can navigate
simultaneously. We identify the navigation between the nodes of the help hypermedia,
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which is different from the navigation between the nodes of the authoring tool but

closely linked to it.

In this research, we have also used some ideas that are not original, but its application and
integration is innovative. We think that the integration of the Cognitive Learning Theory
(CLT) and the concept of “cognitive load” in adaptive learning environments such as EAH,
is a helpful option to support teaching decision-making skills. In this research, we
integrated CLT and the Payr’s model for teaching and learning as a theoretical layer on the
basis of teaching decision-making skills.

Another integration of concepts involves adaptation, Web-based help, embedded help and
context-sensitive help. Usually, these concepts are not presented simultaneously, but in

ARIALE we attempted to deal with their integration.

7.5.4. A final remark

According to studies of teachers’ preferences and attitudes toward new information and
communication technology applied to education (Cuneo et al., 2002; Weiss-Lambrou and
Raymond, 2002), we can affirm that our research tackles a current and real problem:
university instructors “rely on their own resources, on peer networks or on personalized
computing staff assistance rather than attending workshops to obtain academic technology
help” (Cuneo et al., 2002). This situation occurs especially with authoring tools such as
WebCT, Blackboard and Virtual-U. We agree with the recommendation of Cuneo et al.
(2002) that universities should invest in “manuals, online help documentation and
computing staff support, rather than workshops and conferences, to assist their faculty with
computing”, but we add that this support should also include intelligent help in cases where
adapted and personalized help provided by the computing staff is expensive. One important
option can be to “amplify user’s intelligence instead of doing intelligently his work ...” or
“... to support user’s task rather than automate it” (Delisle and Moulin, 2002).

Our experience studying teachers’ reactions to computer-based technology in education
(Rodriguez, 1997) has taught us that regardless of the number of hours of training they
receive, teachers can be excluded from using new information technology because they do
not have time to practice the theoretical contents learned in the training phase; the edition
of resources is time consuming; and there is not a logical connection between training and

real tasks to be performed. Sometimes training is not linked to their real tasks or teachers
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do not get appropriate support related to the context of the tasks to be performed.

7.5.5. Future work

We consider that the following aspects of our research should receive further study.

The intelligent support for collaboration between implementer-teachers can be improved to
integrate designers and students, taking into account the characteristics of the sessions and
examples they can share and study. For example, a designer can share parts of different
curricula to integrate activities into new courses. The approach of recommendation and
leamning based on classification can be extended to cover designers and students.

At the beginning of this research, we thought of using a planner for generating examples of
network topologies. Ultimately, we switched to a probabilistic generator. However, an
alternative that could improve the generation of examples would be a probabilistic planner
that selects the operators at random. A planner 1s a method to transform an initial state into
a final state by performing operations that generate a series of temporal states. A
complementary option is that a probabilistic planner can transform cases from a case-base.
To support designers, a course editor and the corresponding help should be developed. The
editor should include an easy-to-use tool to customize the recommender and the classifier
according to the characteristics of each designer and course.

Another improvement to this system would be the addition of a pre-evaluation of students’
assignments. For example, if the system classifies the student’s answers to task 2 and task
3, 1t could then check which students are out of the range of possible answers, allowing the
teacher an opportunity to analyze these answers and discuss the situation with the students
in question. Of course, an important research subject is the adaptation of learning sessions
and examples according to the students’ characteristics. This is a huge challenge for an
adaptive leaming environment, especially an EAH, because the adaptation for the student
should also match the teacher’s teaching style.

Although some studies (Koychev, 2000; Leung, 2001) have analyzed forgetfulness in help
and recommender systems, more investigation in this field is required. For example,
teachers can forget how to use a function or how to author a task. This problem is linked to
the need to develop the functionality of adapting the classes and the classification of

examples according to the evolution of teachers’ activity. For example, substitution of
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classes no longer in use for new ones can result in splitting frequently used classes. In

this case, the systems would forget an unused class of examples.

We must recognize that a limitation of our research is the current implementation of the
teachers’ teaching style. Our definition of teaching style is helpful for the recommendation
of examples and it is a step forward in the study of modelling the teaching style of
implementer-teachers. However, more comprehensive study of a definition of teaching
style in decision-making is necessary. A major aspect in decision-making in Network
Design is the criteria that each teacher applies in the analysis of case studies. For example,
in the case of network design, one teacher may prefer to analyze network configurations on
the basis of their reliability and cost, while another teacher might prefer to use capacity and
delay as his criteria. Including these criteria in the Teacher Model can be a valuable

complement to improve the teaching style and the recommendations.
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Annex B. Questionnaire

This is the questionnaire used to evaluate the acceptance of the help approach that we studied in our
rescarch. We used 25 questions related to problem-solving support and leaning support applied in
our system ARIALE (Authoring Resources for Implementing Adaptive Learning
Environments). These questions were asked to 27 teachers who teach different disciplines
of the Universidad de Costa Rica in San Jose, Costa Rica. The teachers were selected from
a list provided by the Universidad de Costa Rica. Each teacher has built a Web-site to
support at least one course in 2005. The teachers were interviewed personally in meetings
that lasted between 20 up to 120 minutes. The questionnaire also included 13 additional
questions related to general information of each teacher, such as name, age and experiénce

teaching a particular subject.

General Information

Name:

Grade:
_Bach. _Lic". _Master _PhD

Condicion laboral:

_Lecturer. _Staff.
Age
<30 _>30y< 55 _>55
Gender.

_ Female _Male

Career or expertise area.
_ Decision-making.  _ Network Design. Another

'Lic. is a “licenciatura”, a grade that is a speciality in a particular area.



."P.

To which program do the courses you are teaching belong?
_ Decision-making. ~ _ Network Design. Another

How long have you been teaching in this area?

_ Less than a year. _1to 5 years. _ More than 5 years.

What is your self evaluation of your experience to teach your courses?

_ Beginner. _ Intermediate. _ Advanced.

Times you have taught this course.

_ Never. _lto5 times. _ More than 5 times.

What is your self evaluation of your skills using computers?

_ Beginner. _ Intermediate. _ Advanced.

What is your self evaluation of your experience using WBT for teaching?

_ Beginner. _ Intermediate. _ Advanced.
What is your self evaluation of your experience using your Web-site for teaching?
_ Beginner. _ Intermediate. _ Advanced.
Questions about our help approach
1-How long do you have to create the teaching material for your course?
_More than enough. _Enough. _Barely suffices.
_Insufficient. _There is no time.
2- You reuse examples, exercises or cases created by other teachers.
_Agree very much. _Agree.

_Partially agree. _Totally disagree (skip to 4).

3-You accept to reuse teaching materials that are:
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_Different from yours.

_Exactly similar to the ones that you use.
_Relatively similar to the ones that you use.

_Similar to the materials that other teachers teaching your course use.

4-You share your teaching materials with other teachers.
_Agree very much. _Agree.
_Partially agree. _Totally disagree (skip to 6).

5-You prefer to share teaching materials only with professors who:
_teach the same course.

_teach similar contents.

_apply the same method to teach.

_use examples, exercises or cases that are similar to yours.

6-Do you accept that a computer recommends teaching materials?

_Yes (continue) _No (skip to 8)

7-An application can use your personal data about preferentes relaing to teaching materials to
recommend examples, exercises or cases that are to yours. .
_Agree very much. _Agree.

_Partially agree. _Totally disagree.

8-Do you use exercises, examples or cases that can be generated automatically?
_Yes (continue) _No (skip to 13)

9-What is the percentage of your labour time that you spend creating examples, exercises or cases
that can be generated automatically?
_10% _20% _30% _40% _50%

10- You accept that sofiware generates examples, exercises or cases automatically, according to
your preferences to let you to use or reject those examples.

_Agree very much. _Agree.

_Partially agree. _Totally disagree.
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11-You accept that software takes your examples, exercises or cases to generate similar ones.
_Agree very much. _Agree.
_Partially agree. _Totally disagree.

12- Automatic generation of examples, exercises or cases, and the recommendation of them
according to your preferences, reduces the time required to author teaching materials.

_Agree very much. _Agree.

_Partially agree. _Totally disagree.

13- 1-How long do you have to learn the use of software required to author teaching materials?
_More than enough. _Enough. _Barely suffices.

_Insufficient. _There is no time.

14- What problems have you faced when you have been using software to create digital teaching
materials?

_Software is complex.

_Lack of time to leam to use software.

_Lack of previous training to use software.

_Lack of technical suppoprt.

_Lack of online help.

_Other (explain)

15- What do you prefer to learn the use of software required to autor digital teaching materials?
_Ask help to other teachers.

_Formal training or a course.

_To access online help that the application includes.

_To access a wizard or tutor that shows how to use the application.

_Help from technical support.

_To access online help adapted to your preferences and needs.

_Check a printed manual.

_Try and error until mastering the application, but with no human nor other support.

_Check books or articles on Internet.
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16- Learning by doing is the best way for a university teacher to learn the use of software

required to crate teaching materials.
_Agree very much. _Agree.
_Partially agree. _Totally disagree.

17- You accept that software evaluates your progress learning the use of software to create digital

teaching materials.
_Agree very much. _Agree.
_Partially agree. _Totally disagree.

18- With what frequency have you used help included in software to create digital teaching
matenials?
_Never (skip to 22) _Seldom _Sometimes

_Frequently _Always

19-What problems do you face when you are using help included in software to create digital
teaching?

_Help contents are too long.

_You do not know the appropriate key words to find help.

_You are missing in the structure of the help contents.

_Help contents are not related to the task on hands.

_Help contents are not precise.

_There are not examples about how to use the program.

_Help is not context-sensitive.

_Help is just text, with no images or animations that accelerate understanding the application.

20- When you are accessing help, you prefer:

_Find information by yourself.

_An agent or wizard to solve the problem.

_Software displays available help to allow you to make you own decisions.

_Software displays information step by step, starting with short and precise information, and

showing more details if ask for them.

21- When you are accessing help, you prefer to receive information about:
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_All functions available in the application.

_Only the function you are using currently.

_All functions related to the function you are using currently.

_All functions associated with the task you must perform.

_Only the functions that are useful to finish the task that you must perform.

22- You prefer to receive help adapted to your knowledge of the application that you are using,

instead of standard help.
_Agree very much. _Agree.
_Partially agree. _Totally disagree.

23- You prefer to receive help by the media that you like, namely only text, sound or video, in a
personalized manner.

_Agree very much. _Agree.

_Partially agree. _Totally disagree.

24- How do you prefer to receive help o when you are using software?

_On a specific area of the same window where you are working, to avoid stopping the task you are
performing.

_In another independent window.

_In a tooltip that pops up near to the concept you are looking help about.

25- A context-sensitive and personalized help that displays on the same window you are working
reduces the time needed to learn authoring teaching materials.

_Agree very much. _Agree.

_Partially agree. _Totally disagree.






