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Abstract

Our work is situated in the context of computer supported learning environments. It concerns more particularly the process adaptation in intelligent tutoring systems. In fact, the majority of these systems allow only the application of content adaptation and neglect the adaptation of educational processes (learning process and pedagogical process). This is a major constraint for providing personalized learning path and appropriate learning content and for exploiting the richness of individual differences of the learning needs and the pedagogical preferences. Within this context, the thesis seeks to answer the following central question: How to guide the educational processes construction according to relevant variables of educational context? To tackle this major problem, the key concept of our study is the modeling of educational process and its context. For that, the thesis proposes a new multi-levels view of educational process definition. This view is adopted also to study the process construction in different ITS by specifying a definition framework. By adopting this framework, a comparative study of different construction approaches identifies the major limits of an appropriate educational processes construction. To overcome these limits, we define a new approach to guide the adaptive construction of educational processes supported by an ITS. In fact, the proposed approach of construction must satisfy the following qualities:

• Generic: it is based on a generalized description of educational processes.

• Adaptive: it offers a dynamic adaptation of the learning path by considering the pedagogical preferences and the individual learning needs.

• Guided: this approach adopts a Map in order to guide the learning process construction by supporting the correlation between the learning process and the pedagogical process.

• Optimized: it specifies an algorithm that adopts flexible rules to optimize the construction of the learning process and the pedagogical process.

The proposed approach includes the prediction of the educational context variables, the interpretation of predefined educational process models and the construction algorithm. The latter is based on different progression and consistency rules. The dynamic Bayesian network is used to predict the most relevant variables of educational context (the pedagogical orientation, the learning mode, the pedagogical method, the electronic media and the teaching style). These values are used to identify the appropriate intention by selecting the most suitable strategy. For this purpose, the approach specifies two predefined intentional models for educational process guidance, which are modeled by using Map formalism. In fact, these models couple the educational intentions with the educational strategies, and provide a multitude of paths between intentions.
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Résumé

Notre travail de thèse se situe dans le contexte de la recherche en EIAH (Environnements Informatisés pour l'Apprentissage Humain), et il porte plus particulièrement sur l'adaptation orientée processus au sein d'une catégorie d'environnement d'apprentissage, à savoir les Systèmes Tutoriels Intelligents (STI).

La thèse part du constat que la majorité des systèmes se limitent à l'adaptation des contenus, négligeant ainsi l'adaptation des processus éducatifs (processus pédagogiques et processus d'apprentissage). Le but de la thèse est de fournir un chemin d'apprentissage personnalisé exploitant les différences individuelles des besoins d'apprentissage et préférences des pédagogiques.

En conséquence, la principale question de recherche à laquelle s'intéresse cette thèse est : « Comment guider la construction des processus éducatifs en mettant en considération les différentes variables du contexte éducatif ?».

L'élément central de contribution de cette thèse est la modélisation du processus éducatif et de son contexte. De ce fait, nos travaux de modélisation sont centrés sur une nouvelle vision multiniveaux pour définir les processus éducatifs selon quatre niveaux d'abstraction (le psychopédagogique, le didactique, le situationnel et l'informatisé). En fait, ce changement d'échelle permet une exploitation de processus éducatif aux niveaux intentionnel et stratégique, c'est à dire celui où les souhaits, besoins et exigences sont formulés par des buts à atteindre et des stratégies à appliquer.

Cette nouvelle vision conduit l'étude des processus éducatifs ainsi que leurs constructions. En fait, un cadre de référence a été spécifié pour étudier et comparer les approches de la construction des processus éducatifs au sein des STI. L'utilisation de ce cadre a soulevé un ensemble de problèmes en ce qui concerne la construction appropriée du processus éducatifs aux apprenants aussi bien qu'aux tuteurs. De ce fait, notre contribution consiste à définir une approche intentionnelle pour assurer une construction :  Générique : Puisqu'elle propose une description généralisée des processus éducatifs  Adaptative : Puisqu'elle offre une adaptation dynamique de chemin d'apprentissage  Guidée : Puisqu'elle définit des directives pour guider la construction des processus  Optimisée : Puisqu'elle spécifie des règles flexibles pour optimiser la construction Cette approche propose un traitement itératif basé sur la prédiction des variables du contexte éducatif en adoptant un réseau bayésien dynamique ; l'exploration de modèles intentionnels pour identifier les intentions et les stratégies éducatives et le contrôle de l'exécution des directives et de la progression dans les deux processus éducatifs. * * *

Mots-clés

I. Context

One of the evolving areas that would certainly occupy computer scientists in the next decade is computer supported learning environment. The latter is increasingly mediated by new technologies of information and communication. In fact, it can provide various technological support to guide teaching and learning. For that, this context is considered as multidisciplinary, which includes computer science, cognitive psychology, pedagogy, didactics and educational sciences. The research in learning environment focuses on approaches, models and tools to support learning and teaching.

There are different types of environments, including the traditional e-learning system, instructional design system and intelligent tutoring system. These environments are increasingly gaining popularity in the academic community because of their several learning benefits. Indeed, the computer supported learning environment supports the transfer of knowledge and skills to satisfy both learning objectives and pedagogical goals.

Since there are various types of learners with different preferences and different tutors with various characteristics, it is not that easy to provide the best teaching approach for a specific learner. For this reason, adaptive learning comes as a solution to an ongoing problem.

Inevitably, adaptive learning has gained a great deal of attention in this area. It offers an important alternative to the one size fits all approach of online learning. In fact, adaptive learning addresses the issue by enabling the environment to intelligently adjust to a learner's requirements by presenting suitable information, appropriate contents and recommendations. The current research provides an intelligent service to organize the learning content and to design Chapter 1. Introduction the learning activities by using an intelligent tutoring system (ITS) which adopts different techniques of artificial intelligence.

While a large number of ITS have been implemented, the majority of these systems allow only the application of content adaptation and neglect the process. This is a major constraint for providing a personalized learning path and an appropriate learning content. Therefore, it is important to provide helpful teaching and learning guidance for tutors and learners by using an intelligent tutoring system. Within this context, the thesis focuses on process adaptation by studying the educational process construction. In fact, this study considers the different teaching and learning approaches to meet both the learners' needs and the tutors' preferences.

After clarifying the motivation of this research, this chapter introduces some terminologies, which are all very important concepts of this research.

Adaptive Learning

Adaptation is a major challenge in the field of ITS for learners and tutors with very different needs, profiles and interests in different context. In fact, it is viewed as a change of the course structure, content and activities that are proposed to a learner by the system based on the learner's characteristics, the pedagogical goal and the context in which learning takes place.

However, it is a complex task to implement because there is a wide variety of situations, activities, and different learning objects. In fact, it is characterized by three dimensions, namely, content, structure and presentation.

The first dimension involves identifying the content most relevant to a given user and context (jointly referred to as the interaction context) as well as how this content should be organized [1].

The second dimension helps users to find their paths in hyperspace by adapting the way of presenting links to goals, knowledge, and other characteristics of an individual user [2].

The third orientation adapts the content of a page accessed by a particular user to current knowledge, goals, and other characteristics of the user [2].

Moreover, these dimensions are generally considered by three major adaptive learning approaches in different systems. The first approach is to adapt learning on a macro-level by allowing alternatives in goals, depth of curriculum content, delivery systems, etc. Most adaptive instructional systems, which have been developed as alternatives to the traditional lock-step group instruction in school environments have taken this approach [3].

The second approach is to adapt specific procedures and strategies to specific learner characteristics. Because this approach requires identification of the most relevant learner characteristics (or aptitudes) for instruction and the selection of strategies that best facilitate the learning process with those characteristics, it is based on aptitude treatment interaction (ATI) [3].

The third approach is to adapt instruction on a micro-level by diagnosing the learner's specific needs during instruction and by providing instructional prescriptions for these needs. Intelligent tutoring systems (ITSs) are examples of the systems that use this approach [3].

However, few studies have examined the impact of these dimensions on learners' level of knowledge, the tutors and learners' satisfaction. After a study of this impact, we believe that the process adaptation improves the satisfaction of learners and tutors.

Educational Processes

The concept of educational process has created new adaptive learning opportunities supported by ITS. For this reason, we study this process in a technological view provided by different systems. This view is supported by a theoretical view given by various learning paradigms.

Technological View

Initially, the teaching and learning are based on a digital document generated by automatic composition of fragments according to user preferences. For that, a four stages composition approach has been supported (search, filtering, organization and assembly) by an adaptive hypermedia system. The process is based on links between fragments within the same document or fragments that are part of other documents [4]. These links allow the user to interact with the system to build its own navigation path into hyperspace [4].

With the wide access offered by the Internet to a large body of learning resources, the processes are defined as a logical sequence of learning objects and assembly approaches based components. In fact, these objects are independent learning resources using electronic media to allow their use by environments. The approach is based on the principles of "share and reuse" and "composition". In this context, the SCORM standard is adopted by the environments to support the implementation of this approach. Indeed, it integrates the best specifications of AICC, IMS and IEEE into a single reference model [5].

The concept of activity and the sequencing architectures based on IMS-LD, was developed to overcome the limitations of architectures based on components [6] and to exploit the interoperability capabilities supported by the internet services. In fact, the educational process is viewed as a sequence of activities to cover a large granularity. These activities are defined without presenting the goals and the ways to apply by learners and tutors in perspective manner.

Theoertical View

Several definitions have been identified in the literature but there is a terminological ambiguity between the learning process and pedagogical process. For Example, Gagne in [7] presents the pedagogical process which is based on nine instructional events namely gaining attention, presenting the stimulus, stimulating recall of prior learning, informing learners of the objectives, providing learning guidance, eliciting performance, providing feedback, assessing performance, enhancing retention and transfer. The learning process is considered as corresponding cognitive process of Chapter 1. Introduction instructional events that composed a pedagogical process [7]. This process is based on reception, expectancy, retrieval, selective perception, semantic encoding, responding, reinforcement, retrieval and generalization [7].

Moreover, Kolb in [START_REF] Miller | Posts Tagged With: learning process Its About the Person, Not the Stuff[END_REF] pointed out that the pedagogical process is based on the four different stages: concrete experience, reflective observation, abstract conceptualization and active experimentation stage [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. Based on this cycle, the learning process includes perceiving, deciding, acting and, feedback. It can be entered at any point, but all stages must be followed in sequence for the successful learning to take place.

Bybee in [10] presents the pedagogical process by using the following phases: engagement, exploration, explanation, elaboration and evaluation . Based on these phases, Bybee describes the learning process in four main events namely engage in the situation, explore the ideas, explain the concepts and the skills, elaborate the activities and evaluate the level of understanding [10]. In the engagement, the teacher helps learners to become engaged in a new concept through the use of short activities that promote curiosity and elicit prior knowledge. For exploration, the teacher provides students with a common base of activities within which current concepts processes, and skills are identified. The explanation phase focuses students attention on a particular aspect of their engagement and exploration experiences and provides opportunities to demonstrate their conceptual understanding, process skills, or behaviors [10]. Additionally, the teachers challenge and extend students conceptual understanding and skills by elaboration new levels of learning. Finally, the evaluation phase provides opportunities for teachers to evaluate student progress toward achieving the learning outcomes [10].

To solve this ambiguous problem, a comparative study was conducted to analyze the learning and pedagogical processes according to the four learning paradigms, namely behaviorism, cognitivism, constructivism and connectivism.

For behaviorism, the learning is defined as a change in behavior or the probability of a certain behavior occurring under certain circumstances [11]. The learning process is viewed as an association of specific response to stimulus. This association is supported by reinforcement and punishment methods which are specified by the pedagogical process.

The cognitivism focuses on a change in the knowledge that is stored in our memory [11]. The learning process is a transformation process of environment information into knowledge stored in mind. The pedagogical process guides this transformation by presenting the explanation, the demonstration and the examples.

The constructivisim defines learning as a process of creation knowledge from personal experiences [11]. The pedagogical process supports the creation by adopting the assimilation and the accommodation methods.

For the connectivism, learning is defined as a change in the personal network that we construct from connections to learning communities [12]. In this case, the pedagogical process supports this connection by monitoring the different interactions.

The study results showed that the two processes are correlated and form the educational process. In reality, the learning process guidance is based on the adaptation and orientation of the pedagogical process to ensure both the progression of learning and teaching.

In addition, this paradigms study proved that the educational process is a multi-path process based on a set of goals and ways to adopt. At this level, we believe that such high-level processes must be expressed in a decision-making mode. According to this mode, the process is viewed as a succession of decisions that led to the use of learning resources.

II. Problem Statement

With the emergence of intelligent tutoring, it has become possible to carry out different tutoring and learning tasks within highly interactive learning environments. The issue of adaptation in ITS has become an important topic of research in recent years.

However, most ITS are hyperlink menu based [START_REF] Latham | Adaptive tutoring in an intelligent conversational agent system[END_REF] and adapt the tutoring by reordering menu items [START_REF] García | Evaluating Bayesian Networks' Precision for Detecting Students' Learning Styles[END_REF], allowing learners to manage their own study at a time and place that suit them. These systems offer a simple adaptation of navigation without an adaptive presentation of content. In fact, the learning process is viewed as a simple order of links.

During the past years, various AI formalisms have been developed for knowledge representation in ITS based systems, such as symbolic rules, conceptual graphs, fuzzy logic, Bayesian networks, neural networks, case-based reasoning, etc. [15]. In fact, many ITS provide multiple representations of learning content to enhance learning outcomes [16]. These systems focus more on adaptation of presentation than adaptive delivery of content. These systems neglect the process adaptation.

Currently, the research on ITS is far from enough in aspects of problem solving and the of learning by doing supporting method [17]. These systems are developed in order to construct a real problem-solving situation for learners to practice skills. It poses complex, real-world problems and provides just-in-time, personalized feedback and on-demand advice, such as worked examples, to support learners in solving the problems. This system provides adaptive feedback that corresponds to individual learning needs without considering pedagogical preferences of tutors.

Nowdays, there has been an important academic revolution in ITS. This revolution considers the learner's individual need in order to generate appropriate learning process. In fact, ITS should have the ability to adapt to learning processes and become increasing robust as time goes on. The whole aim of this revolution is the comfort of learners (learning the appropriate content in the appropriate way).

The process adaptation requires a study of the identification, the specification and the construction of educational processes supported by ITS. This study concludes that it is necessary that the system recognizes learners well by solving a major problem of uncertainty. In fact, this problem is originally taken from the dynamic preferences of learners and tutors, the evolutionary cognitive state of the learner and the choice of objectives and educational strategies.
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However, the uncertainty management by existing systems is limited to the problems to solve and the concepts to study.

Within this context, the literature review notes a lack of a clear vision of the educational process that links the theoretical foundations of teaching/learning to the atomic actions of learners and tutors. Indeed, we believe that this relationship also specifies the didactical conditions and constraints of the particular situation to support the actions of learners and tutors by using ITS.

For an operational decision on the appropriate learning process, an additional study needs to conduct an idea about the construction approach, which could be easily used. This study allows the comparison of the different construction approaches of learning process supported by an ITS. This comparative study identifies the following limits for the recent ITSs (last ten years):

• The consideration of the learning process as a simple plan of actions to execute which depend on particular situation by the most of ITS.

• The relationship between the theoretical foundations of teaching/learning to the atomic actions of learners and tutors is not supported by the different ITS.

• The correlation between pedagogical and learning process is not considered by the different ITS.

• The adaptive ability of the most of ITS is limited to the content. In fact, the process adaptation is not adopted by the different systems.

• The guidance of learners is not supported by different systems. For that, the construction of a personalized learning path is not flexible.

• For different systems, the subject of uncertain modeling is limited to the structure of problem and the different concepts to study. However, this modeling neglects the relevant variables of educational context (the learning style, the teaching style, the learning mode, the pedagogical method, the pedagogical orientation and the electronic media). In fact, the variables are used to achieve the educational objective by selecting the appropriate strategy.

To overcome these limits, this research originated from the recognition of the need of a complete solution to the central question: how to guide and adapt the learning process construction according to relevant variables of the educational context?

III. Research Objectives

The main aim of the thesis is to acquire and improve our understanding of the field of adaptive learning process. Within this context, the section presents the different research objectives of the thesis.

• Evaluation of Educational Process Construction: the literature review concludes that additional research should be devoted to adapt and guide the educational processes (learning process and pedagogical process) construction. In fact, existing construction methods generate learning process based on attributes that describe learning content. However, these content-based works do not properly incorporate the construction approaches.

Within this context, a definition framework of learning process construction is proposed to study and evaluate the characteristics and limits of some existing construction approaches supported by ITS.

• Intentional modeling of Educational Processes: there are several definitions reported in the literature but the most of them view educational processes as a set of phases without respecting the different goals of learners and teachers/tutors. Moreover, the different learning needs and the various pedagogical preferences are not well considered by the different approaches. To this end, the thesis studies the formalisms of process modeling and introduces a new definition model of educational processes by identifying different types of intentions. In order to specify this model, this study defines different strategies to match each couple of educational intentions by adopting a new classification of strategies based on Oxford learning strategies [18] and Reigeluths instructional strategies [19] to define the cognitive, metacognitive, social and affective strategies.

• Prediction of Educational Context: this objective stems from the need to become aware of the educational context. It looked for ways in which the context variables could be identified and the educational processes could be constructed to suit those variables. The context of construction includes different variables ranging from different situations. The major variables are the learning style, the teaching style, the learning mode, the pedagogical orientation, the pedagogical method and the electronic media. The style refers to the concept that individuals differ in regard to what mode of instruction or study is the most effective for the learning or teaching. Learning modes are described as the way learners involve methods in processing and obtaining information or knowledge. In fact, it is possible to learn through the gradual accretion of information, through the fine-tuning of conceptualizations we already possess, or through the restructuring of existing knowledge [20].

The pedagogical orientation defines a major direction conducted by a teacher in order to provide an environment that enhances learning [START_REF] Devec | ANDRAGOGICAL AND PEDAGOGICAL ORIENTATIONS OF ADULT[END_REF]. The pedagogical method specifies a specific way of teaching. This method is often used in online situations by adopting electronic media. The latter is defined as any type of device that stores and allows distribution or use of electronic information [START_REF] Dictionary | What is Electronic Media[END_REF]. To predict these variables, the study points out two views about the context of educational processes construction. In the first view, these variables involve one or many values with different probabilities. In the second view, these probabilities change over time. The first view is called the uncertain view and the second one is the evolving view of context. For that, the thesis proposes a dynamic bayesian network of the educational context.

• Guidance of Educational Processes Construction: this thesis focuses on the guided construction of the learning and pedagogical processes by respecting the correlation between them. In fact, the pedagogical process will be adapted according to the individual learning needs and preferences. For that, the study is based on capturing of knowledge level and learning preferences. In fact, these variables are used by different adaptive learning works to specify the learner's model [START_REF] Al-Yahya | Ontologies in E-Learning: Review of the literature[END_REF]. By gaining insights into different learning styles, it offers means to design and provide interventions that are tailored to individual needs [START_REF] Truong | Integrating learning styles and adaptive e-learning system: Current developments, problems and opportunities[END_REF]. These interventions support the generation of a suitable learning path. Moreover, the learner's knowledge level is assessed to deliver to them the most appropriate learning material [START_REF] Chrysafiadi | Student modeling approaches: A literature review for the last decade[END_REF]. The guided construction is adopted by proposing two types of Chapter 1. Introduction rules. The first type verifies the pedagogical correlation while the second type supports learning and pedagogical progression.

IV. Dissertation Structure

Based on the steps of the treatment of the research question, this dissertation is organized as follows. Chapter 2 gives the background of this study. Important reviewed areas include educational processes, ITS and adaptation.

After giving the background of this dissertation, chapter 2 defines the framework of educational process construction by ITS and its overall structure. Four important views used in this framework are nature, description, design and scenario. These views are specified to evaluate the learning process construction in the different ITS. Based on this evaluation, chapter 3 presents the proposed construction approach. After that, the intentional models of educational processes are described in chapter 4 and chapter 5 respectively.

Chapter 6 is devoted to the proposed guidance procedure of the educational processes construction. This procedure adopts a dynamic Bayesian network of the educational context to predict the different variables of process construction. Based on this context network, chapter 6 specifies the procedure by defining two types of rules (consistency and progression rules). Chapter 7 presents the validation of the proposed approach. This latter examines whether the proposed approach is capable of providing an appropriate content and a suitable path to the learner by considering individual learning requirement and pedagogical preferences. Finally, the conclusion is devoted to the summary of research contributions, as well as the limitations and the future work.

CHAPTER 2

Literature Review of Educational Process Construction

The motivation behind this thesis is the need for learning processes that can be constructed and adapted to the needs of the learners, the teachers, the tutors, the system administrators and the system designers of ITS. Within this context, a faceted framework conducts a comparative study between different ITS to understand and classify issues in educational process construction. Before that, this chapter presents a conceptual backgournd to study the problem of educational process construction. With respect to this theoretical aspect, a new multi-level view of educational processes is introduced.

* * *

I. Framework of Educational Process Construction

This section introduces a conceptual background which is used to identify the major problem of process construction. Moreover, this background conducts the specification of multi-level view of educational process which is adopted to define a framework of educational process construction.

Conceptual Background

This background reviews the basic requirements in terms of adaptation and ITS that led to the study of the existing construction approaches of educational processes.

Adaptation

In traditional learning environment, the learning activities are limited in what teacher arranged, and consequently it is rather difficult to adapt the learning materials to individual learner's learning requirements and demands [START_REF] Kinshuk | Adaptivity and Personalization in Mobile Learning[END_REF].

In the past years, particular attention was put on ITS, which are sophisticated software systems that can provide personalized instruction to students, in some respect similar to one-on-one Chapter 2. Literature Review of Educational Process Construction tutoring [START_REF] Gutierrez | Adaptive feedback selection for intelligent tutoring systems[END_REF]. Nowadays, the issue of adaptation in ITS has become an important topic of research.

The most of ITS provide adaptive learning by first intelligently diagnosing learners' needs then track their progress in a response sensitive manner. The ultimate goal of these systems is to support content, activities and collaboration, adapted to the specific needs and influenced by specific preferences of the learner.

Within this context, the systems that allow the user to change certain system parameters and adapt their behavior accordingly are called adaptable [START_REF] Santally | Adaptation Models for Personalisation in Web-based Learning Environments[END_REF]. Systems that adapt to the users automatically based on the systems assumptions about the user needs are called adaptive [START_REF] Santally | Adaptation Models for Personalisation in Web-based Learning Environments[END_REF].

The whole spectrum of the concept of adaptation in computer systems is shown below [29]. Several studies have been conducted by considering different adaptation models, methods, and techniques. Furthermore, these studies present their impact on learning achievement. This impact is defined by three major adaptation dimensions namely content, structure and presentation.

Adaptation Models

The literature review shows that three potential adaptation models are adopted by different ITS. These models are content-based adaptation model, an activity-theoretical adaptation model and a hybrid adaptation model [START_REF] Santally | Adaptation Models for Personalisation in Web-based Learning Environments[END_REF].

• Content based Model: it considers learning object as chunk of decontextualized learning information, digital or non digital [START_REF] Santally | Adaptation Models for Personalisation in Web-based Learning Environments[END_REF]. These objects are often used as components to assemble larger learning modules or complete courses, depending on learner model.

• Activity-theoretical Model: it considers an activity as consisting of a subject, a goal, a supporting community, rules governing the operation of the learning environment and a division of labour supporting the collective nature of the learning activities [START_REF] Engeström | Learning By Expanding: An Activity-Theoretical Approach to Developmental Research[END_REF]. This model serves to develop the division of labour between learners who are inquiring in and learning about the same object of interest.

• Hybrid Adaptation Model: the teacher and the tutor satisfy this adaptation. In fact, the tutor is in constant interaction with the learners to help in better decision-making by dividing labour. However, the role of the teacher is limited to selecting and sequencing materials to be presented to the learner [START_REF] Santally | Adaptation Models for Personalisation in Web-based Learning Environments[END_REF].

Adaptation Methods

Depending on available resources and constraints in the given situation, adaptation can be designed by using one or more of these following methods :

• Macro Adaptive Method: it addresses adaptation of instructions on a macro level by allowing different alternatives in selecting a few main components such as learning objectives, levels of detail, delivery system, etc [START_REF] Garcia-Barrios | The Past, the Present and the Future of adaptive E-Learning: An Approach within the Scope of the Research Project AdeLE[END_REF].

• Aptitude-Treatment Interaction Method : this method treats adaptation of instructional strategies to specific learner's characteristics.

• Micro Adaptive Method: the third method addresses adaptation on a micro-level by diagnosing the specific learning needs during instruction and providing instructional prescriptions for these needs.

• Constructivistic-Collaborative Method : the fourth method focuses on the usage of collaborative technologies which are considered often as essential component of adaptation.

Adaptation Techniques

Efforts to implement adaptation have taken different techniques [START_REF] Garcia-Barrios | The Past, the Present and the Future of adaptive E-Learning: An Approach within the Scope of the Research Project AdeLE[END_REF], which have been broadly categorized as follows [START_REF] Paramythis | Adaptive learning environments and e-learning standards[END_REF]:

• Adaptive Interaction: it refers to adaptations that support user interaction with the system without modifying the learning content itself [START_REF] Elias | An adaptive e-learning environment using distributed spiking neural p systems[END_REF].

• Adaptive Course Delivery: it refers to adaptations that are intended to customize a course for an individual learner [START_REF] Elias | An adaptive e-learning environment using distributed spiking neural p systems[END_REF].

• Content Discovery and Assembly: it refers to the application of adaptive techniques for the discovery and assembly of learning content from potentially distributed sources or repositories [START_REF] Elias | An adaptive e-learning environment using distributed spiking neural p systems[END_REF].

• Adaptive Collaboration Support: it is intended to capture adaptive support in learning processes that involve communication between multiple persons (and, therefore, social interaction), and, potentially, collaboration towards common objectives [START_REF] Paramythis | Adaptive learning environments and e-learning standards[END_REF].

Intelligent Tutoring Systems

This section starts by a historical overview and a brief presentation of ITS. After that, the architecture and the different types are described.

Historical Overview

Researchers in education have been working for more than a decade to develop electronic tutors that are built on principles of artificial intelligence (AI). The earliest systems were called Computer Based Tutoring (CBT) or Computer Aided Instruction (CAI) [START_REF] Mathews | A Framework for Multiple Adaptable Pedagogical Strategies in Intelligent Tutoring Systems[END_REF]. Most of these tutors presented static material to learners, where every learner was presented with the same material [START_REF] Mathews | A Framework for Multiple Adaptable Pedagogical Strategies in Intelligent Tutoring Systems[END_REF]. Since then, much work has been done on developing these systems into three overlapping types of e-learning systems [START_REF] Mathews | A Framework for Multiple Adaptable Pedagogical Strategies in Intelligent Tutoring Systems[END_REF]. The second type consists in Adaptive Hypermedia or Adaptive Multimedia systems. Adaptive hypermedia systems (AHS) build a model of the goals, preferences and knowledge of each individual user, and use this model throughout the interaction with the user, in order to adapt to the needs of that user [START_REF] Brusilovsky | Authoring Tools for Advanced Technology Learning Environments[END_REF]. The third type is ITS. In fact, the Association for the Advancement of Artificial Intelligence (AAAI) defined ITS as educational software containing an artificial intelligence component. This software tracks learners work, tailoring feedback and hints along the way [START_REF] Chatti | The 3P Learning Model Success Factors for TEL Models The 3P Learning Model[END_REF]. It can make inferences about strengths and weaknesses, and can suggest additional work by considering particular learner's performance.

System Presentation

Besides the term adaptive technology or adaptive learning system, there exist other terms that are often used in similar contexts [START_REF] Review | Handbook of Research on Educational Communications and Technology[END_REF]. The term personalized learning system emphasizes the aim of the system to consider a learner's individual differences and treat each learner as an individual person [START_REF] Review | Handbook of Research on Educational Communications and Technology[END_REF]. The term intelligent learning (or tutoring) system refers to systems that focus on the use of techniques from the field of artificial intelligence to provide broader and better support for learners [START_REF] Review | Handbook of Research on Educational Communications and Technology[END_REF]. The goal of these educational technology systems is to provide intelligent, one-on-one, computer-based support of instruction type that is often not available because of scarce (human) resources [START_REF] Vanlehn | The Behavior of Tutoring Systems[END_REF]. In fact, there are three main approaches to intelligent tutoring [START_REF] Brusilovsky | Adaptive and Intelligent Web-based Educational Systems[END_REF]:

• Curriculum Sequencing: introduces adaptation by presenting learners with content in a sequence and style best suited to their needs [START_REF] Klašnja-Milićević | E-Learning Personalization Based on Hybrid Recommendation Strategy and Learning Style Identification[END_REF].

• Intelligent Solution Analysis: adds intelligence to ITS by giving learners detailed feedback on incomplete or erroneous solutions, helping them learn from their mistakes [START_REF] Mitrovic | An Intelligent SQL Tutor on the Web[END_REF].

• Problem Solving Support: offers techniques to learners in order to provide intelligent assistance to reach a solution [START_REF] Melis | ActiveMath : A Generic and Adaptive Web-Based Learning[END_REF].

Overall Architecture

The typical architecture of ITS (as shown in Fig. 2.1) is composed of a) a Communication Model that allows the system to interact with the user; b) a Domain Knowledge that specifies the knowledge structure; c) a Pedagogical Module that controls the resolution process and it is able to determine whether a given expression is valid; d) a Learner Model that stores information on the current user's knowledge to provide system adaptation; e) an Expert Model , which controls the tutoring process and make appropriate decisions based on the information provided by the other three components [START_REF] Beck | Applications of AI in Education[END_REF]. a.

Expert Model

This model is a computer representation of a domain expert's subject matter knowledge (declarative knowledge) and problem-solving ability (procedural knowledge). The expert model describes how an expert would represent this knowledge [START_REF] Mathews | A Framework for Multiple Adaptable Pedagogical Strategies in Intelligent Tutoring Systems[END_REF]. This knowledge is used to evaluate the learner's actions (what he or she does and does not know).

b. Domain Knowledge

This module can contain domain knowledge as procedural rules, constraints, or frames (pages) of knowledge content [START_REF] Mathews | A Framework for Multiple Adaptable Pedagogical Strategies in Intelligent Tutoring Systems[END_REF]. The module presents domain knowledge by adopting two major data structures [START_REF] Chakraborty | Development of Knowledge Based Intelligent Tutoring System[END_REF]:

• Course Tree (CT): CT is a hierarchical structure of a course stored in the system.

• Topic Dependency Graph (TDG): The nodes of TDG are constituted of the topics from the corresponding CT, whereas the edges in TDG depict prerequisite relation between the nodes (topics).

c. Learner Model

The learner model keeps all information about the learner, i.e., personal information, his knowledge, skills, and behavior in the system [START_REF] Vagale | Learner Model ' s Utilization in the e-Learning Environments[END_REF]. The model evaluates each learner's performance from his/her behavior during interacting with the tutoring system in order to determine his or her knowledge, perceptual abilities, and reasoning skills [START_REF] Phobun | Adaptive intelligent tutoring systems for e-learning systems[END_REF]. There are two major types of model [START_REF] Mathews | A Framework for Multiple Adaptable Pedagogical Strategies in Intelligent Tutoring Systems[END_REF] :

• Long-Term Model contains the representation of all the learner's interactions with the system and therefore provides an estimation of their mastery of domain concepts.

• Short-Term Model contains only the representations of the most recent interactions of the learner with the system.

The mostly used techniques for learner modeling are Bayesian Networks, Rule-Based Systems, Fuzzy Logic, Dialogue-Based systems etc [START_REF] Chakraborty | Development of Knowledge Based Intelligent Tutoring System[END_REF]. The learner model includes the following data types [START_REF] Vagale | Learner Model ' s Utilization in the e-Learning Environments[END_REF]:

• Personal Data: where data about the personality identity are stored (name, surname, login, password, language, gender and date of birth).

• Personality Data: that focus on the learner as personality (individual features, learning style, concentration skills, personality type, collective work skills, emotional situation and attitudes).

• Pedagogical Data: data, which represent anything that a learner must learn (programs, themes, course sequence and plan).

• Preference Data: data that adapt working environment for learning (language, presentation format, sound value, video speed and web design personalization).

• System Experience: data that characterize learner's earlier gained experience with computers and software used in the learning process (obtained certificates and skills in e-Learning system utilization)

• Cognitive Data: data that represent reference types of the learner.

• History Data: data about all learners' activities.

• Device Data: data that depict working environment of the system user (hardware, download speed and screen resolution); learner's location, time; and devices used.

• Student Knowledge at the current moment of time: data that describe student knowledge gained in the learning process.

d. Pedagogical Module

The pedagogical module is responsible for all the teaching decisions within the ITS [START_REF] Mathews | A Framework for Multiple Adaptable Pedagogical Strategies in Intelligent Tutoring Systems[END_REF]. The module contains knowledge for making decisions about instructional tactic that affects learner's performance. It relies on the diagnostic processes of the learner model for making decisions about what, when and how to present information to a learner [START_REF] Phobun | Adaptive intelligent tutoring systems for e-learning systems[END_REF].

e. Communication Model

This model important as a communication medium and learning environment that can support the learner in a task [START_REF] Phobun | Adaptive intelligent tutoring systems for e-learning systems[END_REF]. It can also act as an external representation of the expert model and pedagogical module [START_REF] Phobun | Adaptive intelligent tutoring systems for e-learning systems[END_REF]. The module determines how the learners use and interact with the system [START_REF] Mathews | A Framework for Multiple Adaptable Pedagogical Strategies in Intelligent Tutoring Systems[END_REF].

System Types

ITS was developed to help learners by using two major techniques (Case Based Reasoning and Rule Based Reasoning).

a. Rule-Based Intelligent Tutoring System

This system is based on translating expert knowledge into production rules. These rules explain the problem solving procedure with such expression as this in such-and-such situation, I do so-and-so. These expressions can be represented quite naturally as IF-THEN production rules [START_REF] Noh | Intelligent Tutoring System using Rule-based And Case-based: A Comparison[END_REF]. The major limit of these systems is opaque relations between rules. In fact, it is difficult to observe how individual rules serve the overall strategy [START_REF] Noh | Intelligent Tutoring System using Rule-based And Case-based: A Comparison[END_REF].

b. Case-Based Intelligent Tutoring System

This system is based on human problem solving, in which new problems are solved by recalling and adapting the solutions of similar past problems [START_REF] Kolodner | An introduction to case-based reasoning[END_REF]. In this case based ITS, the system can be creative where the case solutions can be combined into new ones and cases can also be used in a different level of abstraction providing innovative solutions [START_REF] Noh | Intelligent Tutoring System using Rule-based And Case-based: A Comparison[END_REF]. The major limit of these systems is a subjective assessment of learner. However, there are still no exact ways (how) to measure learner's level [START_REF] Noh | Intelligent Tutoring System using Rule-based And Case-based: A Comparison[END_REF].

Problem of Educational Process Construction

In this thesis, the main research problem is the construction of the learning process in ITS. The study of this problem conducts to the extension of construction in order to take into consideration the teaching process, also called pedagogical process, which is strongly correlated with it. In the rest of thesis, the term "educational processes" will be used to indicate both learning and pedagogical process.

In fact, the research question addresses the adaptive learning issue by enabling ITS to support the guided construction of educational processes. To this end, the central question could be divided into three sub-questions.

• How to define and to model the learning and the pedagogical processes in an intentional and a strategic terms?: This thesis focuses on strategic and intentional specification of learners' needs and tutors' preferences to solve the construction problem process. For that, it proposes a strategic perspective of process modeling by choosing the MAP formalism to specify the different intention types to achieve and the various strategies to apply. This formalism will guide the educational construction processes by supporting the selection of the appropriate educational intentions and the suitable strategies according to the preferences and the learning needs.

• How to predict the values of different relevant pedagogical variables of construction context?:

This study considers the uncertainty coming from the dynamic preferences of learners and tutors, the cognitive and evolutionary state of the learner and the choice of goals and educational strategies by identifying the relevant variables of educational context. In fact, Chapter 2. Literature Review of Educational Process Construction it is necessary to predict these variables in order to choose the appropriate intention by selecting the suitable strategy according to the current context.

• How to guide the construction according to the above-predefined models by predicting the relevant variables of evolving educational context?: This thesis studies the mixed guidance of pedagogical process and learning process by considering the pedagogical correlation between them. For that, we believe that the use of predefined models by adopting predicted variables supports this guided construction.

To tackle this major problem, the key concept of our study is the educational process definition.

For that, the thesis proposes a new multi-levels view of educational process definition. This view is adopted also to study the process construction in different ITS by specifying a definition framework.

Multi-levels View of Educational Process

The most important task of this research is to study the different definitions of educational processes. In fact, valid process definition ensures valid process modeling to support an appropriate process adaptation.

The analysis of this study conducts the specification of new multi-levels of definition view (see Fig. 2.3). These levels are separated into the Psycho-Pedagogical Level, the Didactic Level, the Situational Level and the Online Level. The two first levels define the educational process in the theoretical layer. The two last levels define the practical layer. Both layers consider the correlation between pedagogical and learning facets.

The different definition levels are specified by three major components (Affective, Cognitive and Metacognitive). The first component defines the affective objective achieved by the educational process (why ?). The second component defines the cognitive product adopted by the process (what ?). The third component the metacognitive process used to achieve the affective objective (how ?). 

Psycho-Pedagogical Level

At this level, the pedagogical and the learning view of process are not defined. The educational process is viewed as a psycho-pedagogica change that occurs by using the educational process meta model. The latter adopts various subjects, which are defined by different theories of learning paradigms.

Didactic Level

At this level, the process is specified by adopting the interaction between the pedagogical and the learning view. By considering the latter, the process model is used to achieve learning outcomes by considering the constraints of learning domain. For the pedagogical view, the process is viewed as pedagogical goal achieved by defining a process model based on pedagogical content.
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Situational Level

It is the level of the instantiation of process models by considering the different characteristics of the learning/teaching situation in order to reach the desired learning level by using different learning objects. In fact, the situation characteristics are the objective, the different tasks and the different available resources.

Online Level

It is the level of the execution of different learning and pedagogical actions that are supported by different learning systems. This execution is achieved by adopting different electronic media in order to use the different learning objects.

Relationships

This multi-level view specifies the guidance/alignment relationships between learning and pedagogical facet and the instantiation/support relationships between different levels. In fact, they are used to support products and process relationships.

Products Relationships

The relationships between the cognitive products of the different levels are introduced (see Fig 2 .3). In fact, the subject is refined by the pedagogical content which specifies the didactic domain. This content is composed of different learning objects which are supported by various electronic media. 

Processes Relationships

The two major processes relationships are guidance and alignment. On the one hand, the guidance relationship permits the monitoring of the learning process by the pedagogical process in order to satisfy the pedagogical preferences. For example, the tutor monitors the discussion between different learners about a case study project. On the other hand, the alignment relationships allow the orienting of the pedagogical process by the learning process in order to achieve the individual learning requirements. For instance, the result of pretest of an activist learner orients the tutor to start the explanation by using different study examples before presenting the definition of concept. 

Framework Definition

The issue of adaptation in web based learning systems has become an important topic of research in recent years. With emergence of ITS, it has become possible to provide a learning process which matches the learner characteristics, the pedagogical preferences and the specific learning needs. Within this context, literature survey is conducted by using a framework of educational process construction.

The comparison framework is used in many engineering works in literature and has proven its efficiency in improving the understanding of various engineering disciplines (method engineering, process engineering,) [START_REF] Rolland | A Comprehensive View of Process Engineering[END_REF]. By adopting the multi-levels view of educational process definition, the goal of the proposed framework is to identify the suited construction approach supported by an ITS in order to satisfy the individual learning needs and to respect the system constraints.

For this purpose, a four worlds framework (see Fig. 2.5) is elaborated to compare different approaches for the adaptive learning process construction. The idea to consider a central concept (the learning process) on four different points of view is largely inspired from process engineering work [START_REF] Rolland | A Comprehensive View of Process Engineering[END_REF]. 

Didactic Domain World

It is the world of processes by considering the notion of process and its nature [START_REF] Bayounes | Towards a Framework Definition for Learning Process Engineering Supported by an Adaptive Learning System[END_REF]. The didactic domain world contains the knowledge of domain about which the proposed process has to provide learning. This world specifies process nature by considering the domain dimensions. Table 2.1 specifies a nature view by presenting three facets namely pedagogy, learning and process.

The pedagogy facet presents three attributes : the pedagogical orientation, the pedagogical method and the correlation. The different orientations are teacher-directed, learner-directed, and teacher-learner negotiated. The pedagogical method specifies the activities of learning process. It can be classified as direct instruction, indirect instruction, interactive instruction, experiential learning and independent study. The third attribute tests the correlation between pedagogical and learning process.

The learning facet presents three attributes : the performance, the learning mode and the learning outcome. The different performance types are remember, use and find [START_REF] Merrill | Component display theory[END_REF]. These performances are accomplished by three different learning modes namely accretion, structuring and tuning [20]. After the performance accomplishment, different learning outcomes are achieved. The five major types of learning outcome are [7]:

Facet

• The verbal information is the stored information.

• The intellectual skills are mental operations.

• The cognitive strategies are internal processes by which the students plan, control and monitor the learning.

• The motor skills refer to the capacity of the learner to perform a physical movement.

• The attitude strategies relate to the predisposition that affects an individual decision.

Finally, the third facet introduces the process type and form. The three process types are strategic, tactic, and implementation. Strategic processes are those that investigate alternative ways of doing a thing and eventually, produce a plan for doing it [START_REF] Bayounes | Towards a Framework Definition for Learning Process Engineering Supported by an Adaptive Learning System[END_REF]. Tactical processes are those which help in the achievement of a plan [START_REF] Bayounes | Towards a Framework Definition for Learning Process Engineering Supported by an Adaptive Learning System[END_REF]. The implementation process is viewed as an execution of different actions. These types are presented by using linear and not linear form.

Instructional Design World

This world deals with the representation of processes by adopting predefined models. It focuses on the description view by respecting the notation conditions and the constraints of representation level. Table 2.2 presents the notation and the level of process description.

In the notation facet, four attributes are found : the type, the form, the content and the models.

The two notation types are standard or proprietary. These types are used by adopting three major forms namely informal, semi-formal and formal. According to component display theory [START_REF] Merrill | Component display theory[END_REF], these forms present four major types of content. Furthermore, the level facet presents three attributes : the granularity, the modularization and the coverage. The different levels of granularity are course, sequence of activities and simple activity. Three types of modularization namely primitive, generic and aggregation define these levels.

In fact, the modularization attribute is used to capture the laws governing the learning process construction by using process modules [START_REF] Bayounes | Towards a Framework Definition for Learning Process Engineering Supported by an Adaptive Learning System[END_REF]. This process has been defined differently in different coverage [START_REF] Rolland | A Comprehensive View of Process Engineering[END_REF]:

• The activity: the process is defined as a related set of activities conducted for the specific purpose of product definition.

• The product: the process is a series of activities that cause successive product transformations to reach the desired product.

• The decision: the process is defined as a set of related decisions conducted for the specific purpose of product definition.

• The context: the process is a sequence of contexts causing successive product transformations under the influence of a decision taken in a context.

Learning Environment World

This world deals with the entities and activities, which arise as part of the engineering process itself [START_REF] Bayounes | Towards a Framework Definition for Learning Process Engineering Supported by an Adaptive Learning System[END_REF]. It focuses on the design view by describing the implementation of process representation. The first facet defines the type and the form of context. The construction facet deals with four issues: the approaches, the methods, the tools and the techniques of adaptive learning process construction. In a manner analogous to the adaptation spectrum [29], one can organize construction approaches in a spectrum ranging from "low" flexibility to "high". The construction approach attribute is defined as Approach: ENUM {Rigid, Contingency,On-The-Fly}. These approaches are adopted by using the instantiation, the assembly and the ad hoc method. These methods apply three major techniques (curriculum sequencing, intelligent solution analysis, problem-solving support).

In the optimization facet, four attributes are found : the model, the method, the technique and the parameters of optimization. In addition, the guidance facet defines four attributes : the type, the method, the outcomes and the parameters of guidance. The guidance types are strict and flexible. These types use three major methods namely expository, collaborative and discovery. The outcomes of these methods are activity, resource and intention. To this end, the guidance methods adopt three parameters learning style, cognitive state and teaching style.

Finally, the fourth facet introduces the adaptation by defining five attributes, which are the dimension, the position, the method, the technique and the parameters of adaptation. The three dimensions of adaptation are content, structure and presentation. The position is identified by adopting the adaptation spectrum [29]. Each position is satisfied by using four major methods namely macro adaptive, aptitude treatment interaction, micro adaptive, and constructivisticcollaborative [START_REF] Garcia-Barrios | The Past, the Present and the Future of adaptive E-Learning: An Approach within the Scope of the Research Project AdeLE[END_REF]. These methods are implemented by four major techniques, which are adaptive interaction, adaptive course delivery, content discovery and assembly and adaptive collaboration support [START_REF] Paramythis | Adaptive learning environments and e-learning standards[END_REF]. These techniques adopt four major parameters namely learning goal, learning history, prior knowledgeand system information.

Learning Situation World

The learning situation world deals with the usage of learning processes in environment. In order to illustrate this usage, definitions for three domains are suggested [START_REF] Bayounes | Towards a Framework Definition for Learning Process Engineering Supported by an Adaptive Learning System[END_REF]:

• Pedagogical Domain: it defines the model of learning process. This model describes the common properties of a class of learning processes having the same nature used for specifying the process structure.

• Didactic Domain: it concerns the features needed to support learning process implementation and monitoring governed by the pedagogical models.

• Performance Domain: it deals with the actual activities conducted by learners, tutors, teachers and intelligent agents. 1. Creation: it consists of the instantiation of pedagogical models by using the didactic features.

2. Improvement: it focuses on the improvement of pedagogical models by analyzing learning process specification.

3.

Guidance/Recommendation: it deals with the way in which the process is performed by applying the process specification.

4.

Trace Analysis: it supports the idea of feedback from process trace to process and pedagogical models, thereby allowing its improvement.

This world examines the reason and the rationale of learning process engineering [START_REF] Bayounes | Towards a Framework Definition for Learning Process Engineering Supported by an Adaptive Learning System[END_REF]. It describes the organizational environment of the learning process by indicating the purpose and policy process management. The purpose facet includes two attributes : process and learning.

In fact, the construction approaches have been designed for different purposes and try to describe the learning process in different attitudes : descriptive, prescriptive and explanatory. The learning purpose defines the level acquired by constructing the learning process. According the Bloom's Taxonomy [START_REF] Forehand | Bloom's Taxonomy[END_REF], the different levels are knowledge, comprehension, application, analysis, synthesis, and evaluation. The second attribute identifies three policies of process management namely evolving, reuse and assessment. This attribute supports the validation of construction process quality. Moreover, since the learning situations change and evolve over time, it is essential that the learning process construction supports these evolutions [START_REF] Bayounes | Towards a Framework Definition for Learning Process Engineering Supported by an Adaptive Learning System[END_REF]. As with any process development, the reuse and the assessment are important, which can occur at any stage of learning process construction and at any level of abstraction and may involve any element of design and/or implementation.

Facet

II. Educational processes Construction in ITS 1. Study Scope

Several intelligent tutoring systems have been reported in the literature. Before applying our framework of educational process construction to these systems, Table 2.5 presents a brief description of selected systems. The systems selection is based on

• Various didactic domains;
• Different techniques of artificial intelligence;

• Several countries from different continents and,

• Number and quality of related publications. 

Name

Systems Positions according to the Framework

This section describes the systems positions by adopting the framework of educational process construction.

OSCAR CITS (2014)

Oscar CITS is a novel conversational intelligent tutoring system which dynamically predicts a student's learning style during a tutoring conversation, and adapts its tutoring style appropriately [START_REF] Latham | A conversational intelligent tutoring system to automatically predict learning styles[END_REF]. The system imitates a human tutor by incorporating the intelligent tutoring techniques of curriculum sequencing, intelligent solution analysis and problem solving support [START_REF] Latham | A conversational intelligent tutoring system to automatically predict learning styles[END_REF].

Nature View

By adopting the teacher-learner negotiated orientation, the system applies the interactive pedagogical methods (see Table 2.6). This system supports a tactic and linear process to achieve the cognitive strategy and the intellectual skill. This process uses the different learning modes to achieve the using and the remembering performance. 

Description View

By adopting the learner model and the pedagogical model, the system applies a proprietary and informal notation of learning process (see Table 2.7). This notation is used to describe the available facts and the required concepts. The system supports a generic description of the different learning activities. 

Facet

Design View

By considering an evolved and a certain context, the system supports the on-the-fly approach. This construction approach applies the instantiation methods by adopting the different techniques (see Table 2.8).

The system adopts an exact method of optimization by specifying different rules. Moreover, the system supports a flexible guidance by using expository and collaborative methods to provide the appropriate resource. For that, the parameters of these methods are cognitive state and learning style. The system offers a content-based adaptation by using the method constructivistcollaborative. By satisfying the position System initiated adaptability with pre-information to the user about the change, this method adopts the technique of adaptive collaboration support. This technique considers the prior knowledge and the learning history. 

Facet Attribute Values

Context

Scenario View

The system supports a descriptive process of learning to achieve the evaluation level. In fact, the assessment and the evolving of process are considered (see Table 2.9). 

Facet Attribute Values

Purpose

PCLS (2013)

The Personalized Creativity Learning System (PCLS) is based on the data mining technique of decision trees to provide personalized learning paths for optimizing the performance of creativity [START_REF] Lin | Data mining for providing a personalized learning path in creativity: An application of decision trees[END_REF]. This system is characterized by the application of web-based technologies, data Chapter 2. Literature Review of Educational Process Construction mining (decision trees) and AI techniques to provide adaptive learning paths for college students with varied backgrounds and personal traits.

Nature View

The system adopts the learner-directed orientation by applying the independent and the experiential pedagogical methods (see Table 2.10). To achieve the cognitive strategy, this system supports a tactic and linear process. This process uses the structuring and the tuning modes to achieve the using and the finding performance. 

Facet

Description View

The system applies a proprietary and informal notation of learning process by using the learner model (see Table 2.11). This notation is used to describe the appropriate procedure. By using the aggregation, the system uses an activity description to cover the desired product. 

Facet

Design View

The system supports the contingency approach by applying ad hoc methods. These construction methods adopt the technique problem solving support (see Table 2.12). This technique considers the certain and the stable context of construction.

By adopting tree-based model, the system supports an exact method of optimization by defining different rules. In addition, the system adopts a strict guidance by using discovery methods to provide the appropriate resource. Besides, it offers a structure-based adaptation by using the method macro adaptive. This method considers the learning history to satisfy the position user selection adaptation for system suggested features. To this end, this method adopts the technique adaptive interaction. 

Facet

Scenario View

To achieve the application level, the system adopts a descriptive process of learning. The reuse and the assessment of process is supported by this system (see Table 2.13). 

Facet Attribute Values

Purpose

ITS-C (2013)

The Intelligent Tutoring System based on Competences (ITS-C) extends an ITS by linking the latter and the pedagogical model based on Competency based Education [START_REF] Badaracco | A fuzzy linguistic algorithm for adaptive test in Intelligent Tutoring System based on competences[END_REF]. It adopts the Computerized Adaptive Tests (CAT) as common tools for the diagnosis process [START_REF] Badaracco | A fuzzy linguistic algorithm for adaptive test in Intelligent Tutoring System based on competences[END_REF].

Nature View

The system adopts the learner-directed orientation by using the indirect and the independent methods (see Table 2.14). The system is used to achieve the intellectual skill and the cognitive strategy by applying the using and the finding performance. In fact, this system supports a tactic and linear process by applying the structuring and the tuning modes. 

Facet Attribute Values

Pedagogy

Description View

By adopting the learner model, the pedagogical model and the domain model, the system adopts a standard and formal notation of learning process (see Table 2.15). This notation is used to describe the required concepts. By using the aggregation, the system uses a description of activities sequence to cover the desired product. 

Facet

Design View

By respecting an uncertain and an evolved context, the system supports the contingency approach. This construction approach applies the assembly methods by adopting problem solving support technique (see Table 2.16).

The system adopts a network-based model of optimization by defining an exact method. This method is specified by using different rules. Moreover, the system supports a flexible guidance by using discovery methods to provide the suitable activity. For that, these methods consider cognitive state. To offer a structure-based adaptation, the system uses the method aptitudetreatment interaction by adopting the technique content discovery and assembly. This technique considers the prior knowledge to satisfy the position system initiated adaptivity with pre-information to the user about the change. 

Facet Attribute Values

Context

Scenario View

To achieve the evaluation level, the system supports a prescriptive process of learning. The reuse and the assessment of process are considered (see Table 2.17). 

Facet Attribute Values

Purpose

ITS-MAS (2012)

It is a multi-Agents System Based on Dynamic Case Based Reasoning, which can initiate learning and provide an individualized follow-up of a learner [START_REF] En-Naimi | Intelligent Tutoring Systems Based on the Multi-Agent Systems (ITS-MAS): The Dynamic and Incremental Case Based Reasoning (DICBR) Paradigm and the Inverse Longest Common Sub-Sequence (ILCSS) in the CEHL[END_REF]. By comparing the scenario found (current situation) to past scenarios that are stored in a database, the system suggests to various actors (learners and tutor) possible evolutions of the current situation.

Nature View

By adopting the learner-directed orientation, the system uses the indirect, the independent and the experiential methods (see Table 2.18). The system is used to support a tactic and linear process of learning. This process applies the structuring and the tuning modes to achieve the using and the remembering performance. 

Facet Attribute Values

Pedagogy

Description View

By using the learner model, the pedagogical model and the domain model, the system applies a proprietary and informal notation of learning process (see Table 2.19). This notation is used to describe the appropriate procedure. The system adopts a primitive description of activity to cover the desired product. 

Facet

Design View

The system adopts the contingency approach to consider the certain and the evolved context. This approach applies instantiation method by adopting problem solving support technique (see Table 2.20).

The system supports a heuristic method of optimization by adopting different cases. Moreover, the system adopts a flexible guidance, by using discovery methods to provide the suitable activity. In addition, it offers a structure-based adaptation by using the method aptitude-treatment interaction. By using the technique adaptive course delivery, the method adopts the learning history to satisfy the position system initiated adaptivity with pre-information to the user about the change. 

Facet Attribute Values

Context

Scenario View

The system adopts a descriptive process of learning to achieve the comprehension, the application, the analysis and the synthesis level. For that, the reuse and the evolving of process are supported by the system (see 

PEGASE (2009)

The PEdagogical Generic and Adaptive SystEm (PEGASE) is used to instruct the learner, and to assist the instructor. This system emits a set of knowledge (actions carried out by the learner, knowledge about the field, etc.) which PEGASE uses to make informed decisions [START_REF] Buche | {PEGASE}: A Generic and Adaptable Intelligent System for Virtual Reality Learning Environments[END_REF].

Nature View

The system adopts the learner-directed and the teacher-learner negotiated pedagogical orientations by using the experiential pedagogical methods (see Table 2.22). By considering the pedagogical correlation, the system is used to reach the desired cognitive strategy. This system supports a strategic and linear process of learning by applying the structuring and the tuning modes. These modes are adopted to achieve the using and the finding performance. 

Facet

Description View

The system applies a standard and formal notation of learning process by using the learner model, the domain model and the pedagogical model (see Table 2.23). This notation is used to describe the appropriate procedure. By using the aggregation, the system uses a description of activities sequence to consider the context. 

Facet

Design View

By considering a certain and an evolved context of construction, the system supports the on-thefly approach. This construction approach applies ad hoc methods by adopting intelligent solution analysis technique (see Table 2.24).

Chapter 2. Literature Review of Educational Process Construction

By adopting the achieved learning intention, the system applies exact method of optimization, by defining different rules. In addition, the system supports a flexible guidance by using discovery and expository methods to provide the suitable activity. For that, these methods consider cognitive state. To support a presentation-based adaptation, the system uses the method constructivistic-collaborative by applying the technique adaptive collaboration support. This technique considers the learning history to offer the position system initiated adaptivity with preinformation to the user about the change. 

Facet

Scenario View

The system adopts a descriptive and explanatory process of learning to achieve the comprehension and the application level. For this purpose, the assessment and the evolving of process are supported by the system (see 

CIRCISM-Tutor (2006)

CIRCSIM-Tutor is an intelligent tutoring system for teaching the baroreceptor reflex mechanism of blood pressure control to first-year medical students [START_REF] Glass | Processing language input in the CIRCSIM-Tutor intelligent tutoring system[END_REF]. For this purpose, it supports natural language dialog.

Nature View

The system adopts the teacher-learner negotiated orientation by using the indirect and the interactive pedagogical methods (see Table 2.26). The system is used to reach the desired cognitive strategy and the suitable intellectual skill. For that, the system supports a tactic and linear process of learning by applying the structuring mode. This learning mode is applied to achieve the different types of performance. 

Facet Attribute Values

Pedagogy

Description View

The system applies a proprietary and informal notation of learning process by using the learner model and the domain model (see Table 2.27). This notation is adopted to describe the required procedure. By using the aggregation, the system supports an activity description of learning process. 

Facet

Design View

The system adopts the on-the-fly approach by applying ad hoc methods. This approach supports a certain and stable context of construction by applying problem solving support technique (see Table 2.28).

The system supports an exact method by specifying different rules of optimization. Moreover, it adopts a flexible guidance by using collaborative methods to provide the suitable activity. For this purpose, these methods consider the cognitive state. In addition, the system provides a content -based adaptation by using the method constructivistic-collaborative. By using the technique adaptive collaboration support, the method adopts the prior knowledge to satisfy the position system initiated adaptivity with pre-information to the user about the change. 

Facet

Scenario View

The system supports a prescriptive process of learning to achieve the comprehension level. For that, the assessment and the reuse of process are considered (see 

TELEOS (2006)

The Technology Enhanced Learning Environment for Orthopaedical Surgery System (TELEOS) is a system of research project whose aim is to promote the learning of percutaneous operation in orthopedic surgery [59]. The aim of the project is to exploit, analyze, and model different kinds of knowledge in orthopedic surgery, especially pragmatic knowledge to design and build an intelligent simulation-based learning environment for professional learners [59]. This Chapter 2. Literature Review of Educational Process Construction rule based ITS adopts temporal Bayesian network for the student model. The latter is used to diagnose the student's knowledge state and cognitive behavior.

Nature View

By adopting the learner-directed orientation, the system supports the independent study and the experiential pedagogical methods (see Table 2.30). The system is used to reach the desired cognitive strategy by supporting a tactic and not linear process of learning. The process supports the structuring and the tuning modes to achieve the using and the finding performance. 

Facet

Description View

The system applies a proprietary and informal notation of learning process by using the learner model and the domain model (see Table 2.31). This notation is adopted to describe the available facts. The system adopts a primitive description of activity to cover the desired product. 

Facet

Design View

To respect the uncertain and the evolved context, the system adopts on-the-fly approach by applying instantiation methods (see Table 2.32).

By supporting a network-based model of optimization, the system applies different rules of an exact method. Moreover, the system adopts a flexible guidance by using expository and discovery methods to provide the appropriate resource. To this end, these methods adopt a cognitive state. More than that, the system offers a content and presentation based adaptation by using the method micro adaptive. By applying the technique adaptive interaction, the method adopts the learning history and the prior knowledge to support the position user selection adaptation for system suggested features. 

Facet

Scenario View

The system adopts a descriptive process of learning to achieve the comprehension and the application level. For this purpose, the evolving and the reuse of process are supported by the system (see 

SQLTutor (2003)

The SQL-Tutor is a problem-solving environment intended to complement classroom instruction, and we assume that students are already familiar with database theory and the fundamentals of SQL [START_REF] Mitrovic | Multiyear Evaluation of SQL-Tutor : Results and Experiences[END_REF]. This ITS adopts the constraint-based modeling as learner modeling approach.

Nature View

The system adopts the learner-directed orientation to support the independent study and the indirect pedagogical methods (see Table 2.34). The system is used to reach the desired cognitive strategy by supporting a tactic and linear process of learning. The latter applies the structuring and the tuning modes to achieve the using and the finding performance. 

Facet Attribute Values

Pedagogy

Description View

The system adopts a proprietary and informal notation of learning process by using the learner model, the pedagogical model and the domain model (see Table 2.35). This notation is adopted to describe the appropriate procedure. The system supports a primitive description of activity to cover the desired product. 

Facet

Design View

The system adopts on-the-fly approach to consider certain and stable context of construction.

In fact, it supports ad hoc methods by applying intelligent solution analysis technique (see Table 2.36).

The system adopts an exact method by specifying different rules. In addition, the system adopts a flexible guidance by using discovery methods to provide the appropriate resource. To this end, these methods adopt a cognitive state. Furthermore, the system offers a content-based adaptation by using the method aptitude-treatment interaction. This method adopts the technique adaptive interaction by considering the learning history. In fact, this method is used to support the position of system initiated adaptivity with pre-information to the user about the change. 

Facet

Scenario View

The system adopts an explanatory process of learning to achieve the comprehension and the application level. For this purpose, the assessment and the evolving of process are supported by the system (see 

BITS (2001)

The Bayesian Intelligent Tutoring System (BITS) is a web-based intelligent tutoring system for Computer Programming using Bayesian technology [START_REF] Butz | Bits: a Bayesian Intelligent Tutoring System for Computer Programming[END_REF]. In fact, the bayseian network is used to represent the prerequisite relationships among the concepts.

Nature View

By considering the learner-directed orientation, the system adopts the direct pedagogical methods (see Table 2.38). The system is used to reach the desired cognitive strategy, the required intellectual skill and the appropriate verbal information. For this purpose, the system supports a tactic and linear process of learning. This process applies the different learning modes to achieve the using and the remembering performance. 

Facet

Description View

The system applies a standard and formal notation of learning process by using the learner model and the domain model (see Table 2.39). This notation is used to describe the required concepts.

The system uses an aggregation or primitive description of learning activity. 

Facet

Design View

The system supports contingency approach to consider uncertain and stable context. This approach applies the instantiation methods of construction by adopting curriculum sequencing technique (see 

Scenario View

The system supports a descriptive process of learning to achieve the knowledge and the comprehension level. For this purpose, the reuse and the evolving of process are adopted by the system (see The Active Math is a generic web-based system that dynamically generates interactive (mathematical) courses adapted to the student's goals, preferences, capabilities, and knowledge [START_REF] Melis | ActiveMath : A Generic and Adaptive Web-Based Learning[END_REF]. It supports advanced outer and inner feedback loops based on a constructivist approach.

Nature View

The system adopts the interactive pedagogical methods by considering the learner-directed and the teacher-learner negotiated orientation (see Table 2.42). The system is used to generate the desired cognitive strategy and the required intellectual skill. For that, the system considers a strategic and linear process of learning. This process applies the structuring and the tuning learning modes to achieve the using and the finding performance. 

Facet

Description View

The system applies a standard and formal notation of learning process by using the learner model the pedagogical model and the domain model (see Table 2.43). This notation is adopted to describe the required concepts. By using aggregation, the system supports course description to cover the desired product. 

Facet

Design View

To respect the stable and the certain context, the system supports on-the-fly approach by applying instantiation methods. These methods adopt curriculum sequencing and problem solving techniques (see Table 2.44).

By applying the tree-based model of optimization, the system adopts an exact method by specifying different rules. This system supports a strict guidance by using expository and discovery methods to provide the suitable resource and the appropriate activity. For that, these methods adopt a cognitive state. The system also offers the presentation, the structure and the contentbased adaptation by using the method aptitude-treatment interaction. This method adopts the technique content discovery and assembly by considering the learning goal, the prior knowledge and the learning history. In fact, this method is used to offer the position user selection adaptation for system suggested features. 

Facet

Scenario View

The system supports a descriptive process of learning to achieve the knowledge, the comprehension and the application levels. For that, the reuse and the assessment of process are considered (see 

Synthesis

The framework analysis identifies the following main drawbacks of existing adaptive construction approaches. It should be noted that construction approaches are not sufficiently automated for deriving automatically the objectives achievement from the strategic process.

For nature view, the different systems do not adopt all pedagogical methods to achieve the different types of process outcomes. In fact, the outcomes attitude and motor skill are not considered. In addition, the different systems support tactic and linear process of learning.

For description view, most of the systems try to support the learner model, the domain model and the pedagogical model by applying proprietary notation, which can present some problem of standardization. This notation is not used to specify a process description by respecting the activity level. In fact, the context coverage is not supported by the learning process description.

For design view, the uncertain and the evolved context of construction are not supported by the systems. The different on-the-fly approaches do not support a combined construction techniques of learning process to implement the instantiation methods. Most of these approaches are not implemented by applying a MAP based model of optimization. For that, the educational intentions are not defined as optimization parameters. The construction approaches themselves are not sufficiently guided by considering the different methods and parameters. In fact, the flexible guidance is most used by the expository methods. However, this flexible guidance doesn't adopt the intention as outcome by considering the learning style and the teaching style.

Finally the different systems do not apply micro methods by respecting system information to support process adaptation.

Therefore, the comparative study identifies the following limits :

• The adaptive ability of most of these ITS is limited to the content. In fact, the process oriented adaptation is not supported by the different systems.

• The consideration of the educational process as a strategic and not linear one is limited.

• The uncertain and evolved context of construction of the educational process is not considered by ITS.

• The flexible guidance of educational processes doesn't adopt the intention as outcome by considering the learning style and the teaching style.
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• The different systems did not respect the evolving process policy.

III. Summary

This chapter presents a literature review of ITS and adaptation. For the adaptation, it presents the various modes, methods and techniques of adaptation. After that, this chapter introduces a historical overview of ITS. Based on this overview, it specifies the overall architecture and the different types of systems.

This conceptual background is introduced to present a comparison framework, which has allowed identification of the characteristics and drawbacks of some existing construction approaches supported by ITS. This framework considers adaptive learning process engineering from four different but complementary points of view (Nature, Description, Design and Scenario). Each view allows us to capture a particular aspect of learning process engineering.

In fact, the framework is applied to respond to the following purposes: to have an overview of the existing construction approaches, to identify their drawbacks, and to analyze the possibility of proposing a better approach.

The analysis of existing approaches definition identifies the lack of an adaptive and guided construction of learning process. It should be noted that the majority of ITS do not consider the correlation between pedagogical and learning process.

For that, the subsequent chapter proposes a new approach for adapative and guided construction of educational processes.

CHAPTER 3

A Generic, Adaptive, Guided and Optimized Construction Approach for Educational Processes Construction

Based on the comparative study of existing approaches, this chapter introduces a Generic, Adaptive, Guided and Optimized (GAGO) construction approach of educational processes by defining the different key principles, the general view and the major features. After that, the main phases of the suggested approach are presented in order to solve the major problem of process construction.

* * *

I. Key Principles of Educational Process Construction

In order to solve the construction problem, the proposed approach is based on the following key principles:

• Multi-Levels View of Educational Process: this research proposes a new view of educational process definition to specify the links between the theoretical foundations and the current actions of learners and tutors. This new view considers the psychopedagogical, the didactical, the situational and the online level of learning process and pedagogical process definition.

• Intentionality: the present study is based on the homogeneity of the expression of learners needs and tutors requirements to reduce the conceptual mismatch between learning paradigms. It conducts to rethink about educational process by adopting the intentional and the strategic dimensions. For that, the process description is oriented to the objective that the process can achieve.

• Variability: the proposed approach introduces variability in the way of achieving the goal of the educational process. The variants correspond to different ways to reach the goal.

The educational process may be composed of several intentional processes with different purposes and therefore the associated variations. It follows that these variations are Chapter 3. A Generic, Adaptive, Guided and Optimized Construction Approach for Educational Processes Construction based on the relevant context variables which are presented by the intentional educational process. We believe that the encapsulation of alternative actions in the definition of an intentional educational process support the dynamic adaptation of intentional process to the specific conditions of situation. The variability introduced into the process model allows to define the common characteristics of goal achievement by identifying the variations to meet the learners' needs and the pedagogical preferences of tutors.

• Guidance of Educational Process Construction: this research focuses on guidance of educational process construction. We believe that the definition of process models can guide the construction by proposing different educational intention types and various educational strategies to adopt in particular situation.

• Prediction of Educational Context Variables: the present study adopts prediction in the way of determining the current values of educational context variables. This prediction conducts the selection of appropriate educational intentions by identifying the required educational strategies.

Based on these principles, the section introduces the intentional educational process definition which is used to specify predefined process models. In fact, these models support intentionality to express different educational goals. In addition, the variability is adopted to consider the different learning needs and the pedagogical preferences. These variables are used to model the uncertain educational context. In fact, a mixed guidance of educational processes is supported by predicting the uncertain context variables to offer a process adaptation.

Intentional Educational Process

There has been an important academic revolution in ITS by considering the different individual learning needs in order to generate appropriate learning process. The whole aim of this revolution is the comfort of learners (learning the appropriate content in the appropriate way).

To address this adaptation issue, the thesis starts by studying different paradigm views of learning process. The study analysis conducts to the extension of scope in order to take into consideration the pedagogical process, which is strongly correlated with the learning process.

In fact, the learning process guidance is based on the adaptation and the orientation of pedagogical process to ensure both the progression of teaching and learning.

In fact, there are several definitions reported in the literature but the most of them focus on the tactical process modeling. The different works view educational processes as a set of phases without respecting the different goals to achieve and the various strategies to apply. Moreover, the different learning needs and the various pedagogical preferences are not well considered by the different studies.

For that, the concept of intentional process is adopted to specify the proposed models of this thesis. In fact, these models consider each intentional process as set of actions to perform by associating situational and intentional knowledge. Each intentional process applies in a particular situation to achieve a particular purpose. In fact, the intention is adopted to model the educational processes and ensure variability and flexibility for guiding their construction.
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The methodological objective is to explore and describe the intentional educational process according to the terms of the predefined model. It seems natural to specify a process model from which it is easy to identify, describe, and construct the intentional process.

To this end, the thesis studies the majority of formalisms of process modeling and proposes a new definition model of educational processes by identifying different types of intentions.

For that, the thesis adopts the formalism MAP [START_REF] Rolland | Capturing System Intentionality with Maps[END_REF] to model the educational process in intentional and strategic terms. A MAP is a directed graph in which the nodes are intentions. Each arc identifies a strategy that achieves the intention associated with the target node. It specifies a model of multi-steps process to support the dynamic construction. It is based also on the idea of intentional progression that can be expressed through the following two facts:

• Any use of the electronic media supports the achievement of an intention of the learner or tutor

• Each new usage of electronic media is the result of an intentional progression Within this context, the approach defines an intentional model for guiding the learning process. In addition, it specifies another intentional model of the pedagogical process. In fact, the second one is used to support the adaptation and the orientation of the pedagogical process to the learning process.

In order to specify these models, this study proposes a new classification of strategies based on Oxford learning strategies [18] and Reigeluths instructional strategies [19]. This classification defines the cognitive, metacognitive, social and affective strategies.

Uncertain modeling of Educational Context

The educational context of process construction includes different variables ranging from different situations. The major variables are the learning style, the teaching style, the learning mode, the pedagogical orientation, the pedagogical method and the electronic media.

On the one hand, these variables are uncertain for each step of the learning session. For example, if the tutor proposes a programming exercise, the learner can directly connect to programming environment to specify a solution (Learning Mode = Tunning) or he/she recalls the prerequisites (Learning Mode = Structuring). In other case, if the tutor explains a physical problem, the learner can discuss it in a group (Pedagogical Method= Interactive) or use a simulation software (Pedagogical Method = Experiential).

On the other hand, these uncertain values change over time. For example, the possibility to explain new concepts (Learning Mode= Accretion) decreases at the end of session. However the possibility of proposing exercises (Learning Mode=Tunning) increases at the end of session. After the test assessment, the possibility of extending performance increases (Pedagogical Method= Independent Study) and the possibility of presenting new content decreases (Pedagogical Method = Direct).

Chapter 3. A Generic, Adaptive, Guided and Optimized Construction Approach for Educational Processes Construction At this level, several studies have used Bayesian networks to model the uncertainty in intelligent tutoring systems. In fact, the Bayesian network specifies the learning preferences and the cognitive state to ensure the adaptation and the personalization. For example, it is used to generate adaptive tests that take into account the cognitive state [START_REF] Millán | Using bayesian networks in computerized adaptive tests[END_REF]. The latter is described by three levels, namely, topic, and concept.

The emergence of dynamic Bayesian networks (DBNs) create new opportunities for modeling uncertainty and evolving. In fact, several systems use the dynamic Bayesian network. At this level, these networks are used to predict the correct application of skills based on previous attempts [START_REF] Sande | Properties of the Bayesian Knowledge Tracing Model[END_REF]. Other system use the DBN to assess the impact of tutoring task by modeling the connection between the current performance and the acquired knowledge [START_REF] Beck | Does help help? Introducing the Bayesian Evaluation and Assessment methodology[END_REF].

Within this context, the thesis proposes a new subject for modeling uncertainty and evolving by specifying an educational context network. The latter is adopted to select the appropriate intention and the suitable strategy.

Mixed Guidance of Educational Processes

Our aim of this study is to guide the construction of educational processes for learners and tutors who use ITS. Although the two intentional models for educational processes guidance are defined, the thesis proposes a procedure in order to guide the construction of the learning process and pedagogical process by respecting the correlation between them. The procedure guides the construction not only by adapting the intention to the learners by considering the individual needs, but also by allowing the tutor to define an appropriate pedagogical intention which matches the pedagogical preferences.

This key principle supports the guided construction of educational process, led by the goals.

The procedure uses the intentional model of learning process to select the appropriate intention and the suitable strategy by adopting a predicted educational context. Moreover, it adopts another intentional model of pedagogical process to consider the correlation between the educational processes. In fact, the pedagogical process will be adapted according to the individual learning needs and the pedagogical preferences.

II. GAGO Approach Presentation

By adopting a definition framework, the comparative study of different construction approaches identifies the major limits of educational processes construction. To overcome these limits, we define a new approach to guide the adaptive construction of educational processes supported by an ITS. In fact, this approach supports a Generic, Adaptive, Guided and Optimized construction of educational processes. The GAGO construction approach proposes to enhance the adaptability level of ITS and the quality of supported educational processes (learning process and pedagogical process) [START_REF] Bayounes | Une Approche Intentionnelle pour la Construction Adaptative et Guidée des Processus dApprentissage dans un EIAH[END_REF].

The proposed approach offers personalized learning path and appropriate learning content by taking into account the available electronic media, the learning mode, the learning style, the Chapter 3. A Generic, Adaptive, Guided and Optimized Construction Approach for Educational Processes Construction 57 teaching style, the different pedagogical orientations and methods. This construction must satisfy the following qualities:

• Generic: it is based on a generalized description of educational processes. This description supports an independent construction of educational processes, that adopts various learning theories and pedagogical methods.

• Adaptive : it offers a dynamic adaptation of the learning path by considering the pedagogical preferences and the individual learning needs.

• Guided: this approach adopts a Map in order to guide the learning process construction by supporting the correlation between the learning process and the pedagogical process. This model offers flexible guidance by considering the learning style, the teaching style and the cognitive state of learner.

• Optimized: it specifies an algorithm that adopts flexible rules to optimize the construction of the learning process and the pedagogical process.

For that, the approach focuses on didactic level of educational process view by defining two intentional models and on situational level by guiding the process construction. In addition, it considers the on-line level by monitoring the process execution.

III. Approach Position according to Framework

According to the four views definition framework, GAGO approach gives the answers of the following questions (see Fig. 3.1):

• What are the learning processes? (the product of construction approach)

• How are they represented? (the object of approach)

• How can their representation be designed? (the parameters of approach)

• How can their representation be used ? (the conditions of approach) FIGURE 3.1: Questions of Approach

Nature View

The proposed approach respects different pedagogical orientations in order to apply the different pedagogical methods. It considers the correlation between pedagogical and learning process.

In fact, this approach defines the learning process as a strategic process, which adopts a not linear form by applying different learning modes. These modes are used to achieve different levels of learning performance, which includes various types of learning outcome. 

Facet

Description View

This approach applies a formal description of the process by using a standard notation. In fact, this description is viewed as important, which uses the three predefined models (domain model, learner model and pedagogical model). The proposed approach adopts a generic description for sequence of learning activities to cover a process context. 

Facet

Design View

The proposed approach supports an uncertain and an evolved context of construction. In fact, it adopts on-the-fly construction approach by applying an instantiation method. This method uses Chapter 3. A Generic, Adaptive, Guided and Optimized Construction Approach for Educational Processes Construction 59 the different types of construction techniques.

This approach adopts a rule-based optimization by defining an exact algorithm based on an intentional model of educational processes. This model is specified by using MAP formalism.

Moreover, this approach supports a flexible guidance of learning process construction. This guidance adopts the three major types of method (expository, collaborative and discovery) to propose the appropriate learning intention and the suitable pedagogical intention . For this purpose, these methods consider three major parameters, namely the teaching style, the learning style and the cognitive state .

Our approach is also adopted to support the three dimensions of adaptation (content, structure and presentation ) by considering the system information, the didactic goal, the learning history and the prior knowledge of the learner. This micro adaptive approach is used to ensure a system initiated adaptivity by adopting adaptive collaboration support. 

Facet

Scenario View

This approach is used to satisfy the different learning levels by considering the prescriptive and explanatory purpose of the learning process. 

IV. Approach Phases

The proposed approach of adaptive and guided construction of educational processes is presented by the Fig. 3.2.

The proposed approach starts by detecting the learning style and the knowledge level. The latter determines the last achieved learning intention. By considering the individual learning style, this learning intention is used also to identify the last achieved pedagogical intention.

The approach adopts the DBN to predict the values of relevant variables of educational context. The network uses the probability theory to manage uncertainty in evolving educational context of process construction. In fact, the predicted values are used to guide the educational processes construction by interpreting the predefined intentional models. This interpretation consists in selecting the couple of intentions and the appropriate strategy to achieve.

In particular, the proposed approach executes a construction algorithm by verifying different rules of consistency and progression. The two major types of consistency rules are educational intention consistency and educational strategy consistency. The progression rules are used to select the next appropriate educational intentions and the appropriate strategy to achieve it.

The inner loop of approach executes after each assessment of pretest and style questionnaires, and updates the DBN of educational context by registering the probabilities of last achieved educational intentions and style dimensions. This inner loop is related to: (a) the prediction of relevant variables of educational context by adopting a DBN, (b) the interpretation of intentional models for educational processes and (c) the construction of process by using an exact algorithm. This algorithm is adopted to provide an appropriate content and a suitable learning path for each learner by considering the individual needs and the pedagogical preferences.
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In the following subsections, we will describe the four phases of GAGO approach.

Capturing Phase

This phase starts by determining the dimensions of individual learning style. For that, four questionnaires of learning style are specified by using the Honey and Mumford's learning styles questionnaire [START_REF] Clark | Honey and Mumfords learning styles questionnaire[END_REF]. After that, the pretest is used to assess the prior knowledge.

Predicting Phase

The educational context is specified by relevant variables. The variable values are not certain for each period of learning session. In addition, these uncertain values change over time.

Within this context, it is important to predict the variables of context in order to guide the construction of educational processes. For that, the approach defines a DBN to model educational context knowledge.

Interpreting Phase

This phase is based on the predefined models of the learning process and the pedagogical process. More specifically, the phase consists in the selection of the appropriate model section by using the predicted variables of educational context. The selection is guided by the intention selection guideline of predefined process model to determine the appropriate intention to achieve. In order to identify the suitable strategy, this selection can be refined by using the strategy selection guideline. After that, the different actions are defined to achieve the intention by using the achievement guideline.

Constructing Phase

This phase specifies a procedure to guide the adaptive construction of educational processes.

For that, the procedure defines different progression rules to explore the predefined intention models. Moreover, the proposed procedure tests the consistency of educational intentions by defining different rules. If this test is not verified, the procedure changes the selected strategies by using the strategy selection guideline. When this model is combined with the intentional model for pedagogical process, the procedure guides the construction not only by adapting the intention to the learners by considering the individual needs, but also by allowing the tutor to define an appropriate pedagogical intention which matches the pedagogical preferences.

V. Main Approach Elements

This section illustrates the approach elements that allow us to guide and adapt the construction of the educational processes.

Intentional Model of Learning Process Guidance

The model is specified by using MAP Formalism. In fact, this model considers the different definitions by modeling various facets of the learning process. It is based on a non-deterministic Chapter 3. A Generic, Adaptive, Guided and Optimized Construction Approach for Educational Processes Construction 63 ordering of intentions and strategies, that allows us to model the learning process [START_REF] Rolland | Capturing System Intentionality with Maps[END_REF]. Different progressions from one intention to another are guided by strategies [START_REF] Fernardo | MapExecutor : A Dynamic Enactment Support to Specify and Execute Methods with Maps[END_REF]. Within this context, the new classification of learning strategies is defined. This classification is used to refine the intention achievement guidelines into cognitive, the metacognitive, and the social and affective guidelines.

Intentional Model of Pedagogical Process Guidance

Another intentional model for pedagogical process is defined to design several processes under a single representation. This model is the best solution to adapt and orient the pedagogical process to the learning process by adopting different arguments. By adopting the Reigeluths instructional strategies [19], the proposed model offers seven major intentions, namely gain, present, inform, stimulate, elicit, extend and reinforce. This classification of intention types is based on the learning condition theory [7].

Guidance Procedure of Educational Processes

The proposed procedure adapts the construction of educational processes by using two predefined intention models. For a given electronic media, the required learning mode and the individual learning style, the first intentional model guides the construction of learning process. The combination of this model with the intentional model for pedagogical process guides the construction by adapting the intention to the learners by considering their individual needs.

It also allows the tutor to define an appropriate pedagogical intention which matches the pedagogical preferences. For this purpose, the procedure specifies the consistency rules of intentions and strategies. In addition, it adopts different progression rules to determine the appropriate intention by selecting the suitable strategy.

The proposed procedure is based also on DBN of the educational context to predict the relevant context variables, which are used by progression rules. In fact, this network represents the uncertain facet of evolving educational context of processes construction.

VI. Summary

Based on the comparative study of existing approaches of learning process construction, a new approach GAGO (Generic, Adaptive, Guided and Optimized) is introduced. This approach is based on the guidance of the learner and the teacher/tutor. It focuses on the intention to achieve and the strategy to apply. For this purpose, an intentional model for learning process guidance and another model for pedagogical process are specified. These models are used by defining a guidance procedure. The latter is used to propose the suitable electronic media, the appropriate intention and the required strategy to guide the learner and to recommend the teacher/tutor. To this end, the procedure adopts a DBN to predict the most relevant variables of evolving educational context. In order to specify the approach elements, the next chapter introduces the intentional model of learning process.

CHAPTER 4 Intentional Model of Learning Process

Nowadays, a lot of research concentrates on the authorial challenge in ITSs.

The goal of ITS is to support e-learning content, activities and collaboration, adapted to the specific needs and influenced by specific preferences of the learner. One of the major challenges to the mainstream adoption of adaptive learning is the complexity and time involved in defining the learning process. For that, this chapter starts the presentation of proposed approach elements by defining an intentional model of learning process.

* * *

I. Modeling Formalisms

The aim of this section is to provide an appropriate formalism for modeling the educational process. For that, it introduces the MAP Formalism by discussing the motivations of its choice.

Choice Motivations

In order to choose the adequate formalism for modeling the educational process, the study of the majority of existing ones was conducted. These formalisms can be classified according to their orientation such as UML Activity Diagram which has activity-sequence orientation, Role-Activity Diagram which has an agent orientation, UML state charts which have a state-based orientation, and Maps which have an intention orientation [START_REF] Rolland | A Multi-Model View of Process Modelling[END_REF]. This study found that most process modeling formalisms focus on how the process is performed and externalize what the process is intended to accomplish as a goal [70]. However, Map formalism follows the learner intention of achieving a goal as a force which drives the process [71] [72]. In fact, Map allows [70]:

• explicitly modeling the intentional aspect of the learning process. Indeed, the learner can identify strategies that best meet his or her requirements;

• using of a simple and easily-understood language for non-expert users in the field;
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• providing a multitude of paths between two intentions. Each path corresponds to an alternative use to meet a learner purpose;

• precise description of process models which support their dynamic enactment. Process maps allow for specifying the objectives to be achieved while applying a method, the strategies proposed by the method to achieve these objectives, and the guidelines and tool actions to operationalize these strategies [START_REF] Fernardo | MapExecutor : A Dynamic Enactment Support to Specify and Execute Methods with Maps[END_REF].

MAP Formalism

The process mod els are specified by using the MAP meta-model (see Fig 4 .1). In comparison with the majority process modeling formalisms, this choice is selected because it focuses on what the process is intended to accomplish as a goal. This formalism is represented by an oriented and labeled graph, where the intentions are nodes and the strategies are arcs [START_REF] Rolland | Capturing System Intentionality with Maps[END_REF]. It is composed of intentional part and guideline part. 

Intentional Part

The intentional part differentiates between the objective to be reached and the strategy to be applied. The intentional part is composed of two or more sections. These sections include an aggregation of the couple of intentions (source, target) and the strategy. The intention specifies the predicted objective by identifying the verb to apply and the object to use. The strategy is applied to satisfy the target intention when the source intention is achieved.

Guideline Part

The guideline part helps users to navigate with the MAP. To ensure the process progression, the formalism MAP adopts three types of guidelines namely, Intention Selection Guideline (ISG), Strategy Guideline (SSG) and Intention Achievement Guideline (IAG).

Intention Selection Guidelines

For a given intention i j , the ISG identifies the set of intentions (i j1 ,i j2 , . . . , i jn ) that can be achieved in the following step and helps selecting the appropriate one, by adopting the different types of criteria.

Strategy Selection Guidelines

To achieve the intention, SSG determines the set of applicable strategies (S 1 ,S 2 ,. . . ,S n ). Moreover, it guides the selection of appropriate strategy by using different types of criteria.

Intention Achievement Guidelines

These guidelines support the learner in the achievement of intention according to the strategy by proposing a number of actions to execute. Within this context, these guidelines are adapted to the educational context by specifying a new classification based on strategy type. This classification defines cognitive, metacognitive, social and affective guidelines (see Fig. This classification is refined by presenting the guideline structure. In fact, the structure is based on the three major relationships between sections described as follows [START_REF] Rolland | Capturing System Intentionality with Maps[END_REF]:

• Path relationship: it establishes a precedence/succession relationship between sections. For a section to succeed another, its source intention must be the target intention of the preceding one.

• Thread relationship : it is possible for a target intention to be achieved from a source intention in many different ways. Each of these ways is expressed as a section in the map. Such a map topology is called a multi-thread.

• Bundle relationship: the section that is a bundle of other sections expresses that only one of its sections can be used in realizing the target intention. Notice that the difference between a thread and bundle relationship is the exclusive OR of sections in the latter versus an OR in the former.

II. Didactical Level: Learning Process Model and Learning Product Model

In particular, learning process is viewed as an outcome and a finality gained by defining the learning product [70]. Finality refers to a major intention to be achieved by a process model [70]. The different outcomes are verbal information, intellectual skills, motor skills, cognitive strategies and attitudes [7]. The first outcome is the stored information. The intellectual skills are mental operations [70]. The cognitive strategies are internal processes by which the students plan, control and monitor the learning [70]. The motor skills refer to the capacity of the learner to perform a physical movement [70]. Finally, the attitude strategies relate to the predisposition that affects an individual decision [70].

Product Model

The product model specifies the learning domain. As shown in UML Package (see Fig. 4.3), the domain includes different topics belonging to a domain explored by the learner. He/she identifies the desired topics to reflect upon [70]. This reflection is used to support the elaboration levels, including knowledge, comprehension, application, analysis, synthesis and evaluation [START_REF] Forehand | Bloom's Taxonomy[END_REF]. The elaboration level is evaluated by engaging in different assessments to reach the learning outcome [70]. 

Learning Intentions

Table 4.1 describes the four types of learning intentions.

Intention Type Description Explore (Domain)

Learners have the opportunity to get directly involved with the key concepts through a guided exploration of domain.

Reflect (Topic)

It is characterized by intrapersonal communication within individual learners; the questions or issues to be contemplated by the learners about the topic are suggested by the instructor.

Elaborate (Level)

Learners expand on what they have learned and apply their new found knowledge to a different situation. For this purpose, he/she adopts different levels. The major levels are knowledge, comprehension, application, analysis, synthesis, and evaluation.

Engage (Assessment)

The assessment is designed to help learners understand the learning task and make connections to past and present learning experiences. It should stimulate interest and prompt learners to identify their own questions about the topic. These intentions consider the current state of five objects, that is, domain, assessment, topic, level and session which are part of the learning product model. 

Learning Strategies

This model adopts the new classification of learning strategies in order to satisfy the major intentions. This classification is based on the Oxford learning strategies classification [START_REF] Samida | Language Learning Strategies[END_REF]. The new classification presents the cognitive, metacognitive, social and affective strategies. 

Cognitive Strategies

The four types of cognitive strategies adopted by learning process are practising, receiving and sending messages, creating structure for input and output, analyzing and reasoning [START_REF] Oxford | Language learning strategies: what every teacher should know[END_REF]( see Table 4.4). Practising is the most important strategy which can be achieved by repeating, recombining, using formulas and patterns [START_REF] Oxford | Language learning strategies: what every teacher should know[END_REF]. The strategy of receiving and sending messages is used when learners try to find the main idea through skimming and scanning [START_REF] Oxford | Language learning strategies: what every teacher should know[END_REF]. The creating structure for input and output strategies are used to understand the meaning and expression [START_REF] Oxford | Language learning strategies: what every teacher should know[END_REF]. The expert learners commonly use analyzing and reasoning in order to solve the problem.

Cognitive Strategy Examples

Sending 

Metacognitive Strategies

The three types of metacognitive strategies are as follows (see learning focuses on the learner so that the attention could be directed towards certain learning activities [START_REF] Samida | Language Learning Strategies[END_REF]. Evaluating your learning helps learners with problems like monitoring errors and evaluation of progress [START_REF] Oxford | Language learning strategies: what every teacher should know[END_REF]. Arranging and planning your learning helps learners in organizing, so that they can get the maximum benefit from their energy and effort [START_REF] Samida | Language Learning Strategies[END_REF].

Metacognitive Strategy Examples

Centering 

Social and Affective Strategies

The major types of social and affective strategies are as follows (see Table 4.6): asking questions, cooperating with others, lowering your anxiety, encouraging yourself. Among the four strategies, asking questions is the most helpful and comes closest to understanding the meaning. The cooperating strategy increases confidence and rapid achievement by strong emphasis on competition. The lowering your anxiety is applied to reduce the different forms of anxiety (such as worry, frustration, insecurity, fear, and self-doubt). The encouraging yourself strategy helps in generating the positive feeling about learning. 

Social and Affective Strategy Examples

Asking questions

Learning Actions

To use the different strategies, the model proposes the set of actions that can be achieved by the learner. To this end, the model adopts the new classification of learning actions by using the component display theory [START_REF] Merrill | Component display theory[END_REF]. Table 4.7 presents the different learning actions adopted by LPM.

Action Description Remember

Learner remembers the previous object.

Use

Learner uses object.

Find

Learner finds new object by adopting different rules of discovery By using an ITS, these learning actions are executed by adopting different electronic media (see Fig. 4.6). The major types of electronic media are webpage, blog, wiki, forum, email and ebook. 

III. Model Exploration

This section sketches how predefined model can be explored to provide a guided construction of the learning process.

Exploration Arguments

The exploration is based on the logical argument, the quasi logical argument and rhetorical argument. This classification is based on the persuasive or logical objective of argument. In fact, a logical argument is guided by a clear thinking [START_REF] Linas | [END_REF]. A quasi-logical argument is supported by the experience [START_REF] Linas | [END_REF]. A rhetorical argument depends on the individual preferences [START_REF] Linas | [END_REF]. By adopting these arguments, the three types of selection criteria are:

• Logical Arguments (SCi)

• Logical Arguments OR Quasi-logical Arguments (SCii)

• Rhetorical Arguments AND Quasi-logical Arguments (SCiii)

The logical argument is introduced by the six major electronic media assessed within ITS (webpages, ebook, forum, email, wiki and blog). The learning mode identifies the quasi logical argument. This latter is based on Norman theory by defining the three major learning modes namely accretion, structuring and tuning [20]. The rhetorical argument is defined by the Honey & Mumford's learning style model [START_REF]The Learning Styles Helpers Guide[END_REF].

Learning Progression

In order to present process progression, this section depicts different selection guideline of learning process model.

Intention Selection Guidance

This section will describe the intention selection guidelines allowing us to progress in the learning process by selecting the appropriate learning intention.

Progress From Start

The guideline ISG 1 <(Session, With State(Session)= Started), Progress from Start> supports the process progression by recommending the selection of the first intention between exploring the domain, engaging in the assessment, elaborating the predicted level and reflecting on the topic and reflecting on the topic(see Fig. 4.7). The selection of exploring intention depends on the structuring mode and the theorist style. The engaging intention is achieved by using the electronic media webpages or eBook. However, the electronic media forum and email can be used by learners to achieve the reflecting intention. Finally, the structuring mode and the pragmatist style can be adopted by learners to reach the elaborating intention. 

Progress From Reflect

After the topic identification, the guideline ISG 3 <(Topic), Progress from the Reflect (Topic)> guides the selection of the suitable intention between exploring the learning domain, elaborating the predicted level and reflecting on the topic (see Fig. 4.9). The choice of exploring intention depends on the electronic media webpages or the mode accretion. The selection of the elaborating intention is achieved by adopting the mode structuring or the electronic media eBook. The achievement of the reflecting intention is supported by the mode structuring and the style reflector. To reach this intention, the guideline SSG 2 <Topic, With State(Topic)= Identified), Progress towards the Reflect (Topic)> is adopted to select the most appropriate strategy of reflection between asking questions, receiving/sending messages and arranging. 

Progress From Elaborate

The guideline ISG 4 <(Level), Progress from the Elaborate (Level)> orients the selection of the appropriate intention between engaging in the assessment, concluding the session, reflecting on the topic and elaborating the predicted level (see Fig. 

Progress From Engage

The guideline ISG 5 (<(Assessment), Progress from the Engage (Assessment)> is used to guide the learning process progression by selecting the appropriate intention between reflecting on the topic, exploring the learning domain, elaborating the predicted level, and engaging in the assessment (see Fig. 

Strategy Selection Guidance

This section will describe the strategy selection guidelines allowing us to achieve the appropriate learning intention by selecting the suitable learning strategy.
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Progress From Explore To Explore

The guideline SSG 1 <Domain, With State(Domain)= Defined), Progress towards the Explore (Domain)> permits to select the appropriate alternative in order to explore the defined domain. This guideline proposes two strategies of exploration (centering your learning and lowering your anxiety) (see Fig. 4.12). The use of centering your learning strategy is supported by the electronic media webpages or ebook. The choice of lowering anxiety strategy depends on the electronic media forum or email or blog or wiki. 

Progress From Reflect To Reflect

The guideline SSG 2 <Topic, With State(Topic)= Identified), Progress towards the Reflect (Topic)>) permits to select the required strategy of reflection. This guideline adopts the asking questions strategy, the receiving and sending messages strategy and the arranging and planning strategy (see Fig. 4.13). The strategy asking questions is reached by using the electronic media forum or email. The use of receiving and sending messages strategy is supported by the learning mode accretion or the electronic media blog. The selection of arranging and planning your learning strategy depends on the mode structuring and the style theorist. 

Progress From Elaborate To Elaborate

The guideline SSG 3 <(Level, With State(Level)= Not elaborated), Progress towards the Elaborate (Level)> permits to select the suitable alternative in order to elaborate the predicted level (see Fig. 

Progress From Engage To Engage

After the assessment presentation, the guideline SSG 4 <(Assessment, With State(Assessment)= Presented), Progress towards the Engage (Assessment)> permits to select the appropriate strategy of engagement between the evaluating your learning strategy and the encouraging yourself strategy (see Fig. 4.15). The encouraging yourself strategy is supported by the electronic media email or wiki or forum or blog. However, the selection of evaluating your learning strategy depends on the electronic media webpages or ebook. 

IV. Summary

In order to guide the learning process construction, this chapter presents an intentional model of learning process. The latter is considered as a preliminary intentional modeling for supporting the learning process definition and the enactment by an ITS.

The intentional model adopts the Map Formalism which couples the learner's intention with the learning strategies, and provides a multitude of ways between learner intentions. In fact, based on the corresponding learning mode, the individual learning style and the current electronic media, the ITS can adaptively support the learner to achieve his/her intention through the selected strategy. To this end, the model adopts a new classification of learning strategies. This classification is used to adapt map guidelines to educational context by specializing intention achievement guidelines into cognitive, metacognitive, social and affective guidelines.

The model specification detects a clear need of providing tutor with the intentional model for pedagogical process guidance that supports the adaptive learning. Within this context, the subsequent chapter specifies the intentional model of pedagogical process.

CHAPTER 5 Intentional Model of Pedagogical Process

In recent years, the development of ITSs has attracted the attention of learning communities. The major function of these systems is to guide them by providing a personalized path without considering a pedagogical process. In particular, it is argued that a clear specification of the pedagogical process needs to be delineated by a predefined model before an evaluation of their ambitious proposal to adaptive and guided construction of learning process in intelligent tutoring systems. To this end, this chapter introduces a second model of proposed approach.

* * *

I. Didactical Level: Pedagogical Process Model and Pedagogical Product Model

The pedagogical process model is viewed as a pedagogical goal achieved by adopting the pedagogical product model [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. The didactical goal refers to a major intention to reach by a process model. The different goals are declarative, procedural and metacognitive knowledge [START_REF] Bruning | Cognitive Psychology and Instruction: Second Edition[END_REF].

Product Model

The product model specifies the didactical content offered by the teacher/tutor. As shown in UML package (see Fig. 5.1), this content requires different perquisites so as to satisfy the predefined objectives by specifying different didactical topics [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. The teacher/tutor performs some tasks based on this content in order to reach the desired learners performance or to gain his/her attention [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. For this purpose, the content can be reinforced [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. In order to consider the different situations, the didactical content is specified by using various learning objects (see Fig. 5.2). 

Process Model

Based on the condition of learning theory [7], the pedagogical process is modelled by a strategic process modeling formalism called MAP [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF] (see Fig. 5.3). 

Pedagogical Intentions

Table 5.1 describes the eight major intentions of the proposed model.

Intention Type Description Gain (Attention)

To achieve this intention, the teacher/tutor presents a problem or a new situation that catches the learner's attention.

Inform (Objective)

To achieve this intention, the teacher/tutor allows the learners to organize their thoughts around what they are about to see, hear, and/or do.

Stimulate (Prerequisite)

To achieve this intention, the teacher/tutor allows the learners to build on their previous knowledge or skills.

Present (Content)

To achieve this intention, the content should be chunked and organized meaningfully by using a variety of presentation forms (text, graphics, audio narration, and video).

Reinforce (Content)

To achieve this intention, additional guidance should be provided along with the presentation of new content. An example of guidance comes in the form of visual materials such as graphs, videos, case studies, mnemonics, and analogies.

Elicit (Performance)

To achieve this intention, the teacher/tutor presents the same examples and new ones are introduced to see if the learner truly understands or is just repeating what was done before.

Assess (Performance)

To achieve this intention, the teacher/tutor assesses the learner´s performance in order to determine if the desired learning has occurred.

Extend (Performance)

To achieve this intention, the teacher/tutor allows the learners to apply their performance to other areas. These intentions consider the current state of six objects, that is, attention, objective, prerequisite, content and performance. These objects specify a pedagogical product model. 

Pedagogical Strategies

This model adopts the new classification of pedagogical strategies in order to satisfy the major intentions. This classification is based on Reigeluths instructional strategies [START_REF] Reigeluth | Instructional-design Theories and Models: A new paradigm of instructional theory[END_REF], which defines the cognitive, metacognitive, social and affective strategies. 

Cognitive Strategies

The four cognitive strategies used by the pedagogical process are lecture/presentation, tutorial, demonstration/modeling and simulation. Lecture/presentation is the most important instructional strategy, which can be achieved by one way information flow from source (teacher/tutor) to many receivers (learners) [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. Tutorial is based on two ways interchange between tutors and learners. Demonstration/modeling is used to explain the meaning and expression [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. The teacher/tutor uses simulation to explore real life situations in order to explain and solve the problem [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF].

Metacognitive Strategies

The three metacognitive strategies are laboratory/problem solving, practice/drill and independent learner control. Laboratory and problem solving are used to support the experiential learning [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. For the purpose, the practice/drill adopts the repeated exercise and the self-evaluation to master the skil l [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF]. The independent learner control is a strategy in which a learner interacts with resources and teacher/tutor independently from others and from self-control [START_REF] Reigeluth | Instructional-design Theories and Models: A new paradigm of instructional theory[END_REF].

Social and Affective Strategies

The major social and affective strategies are seminar/discussion, cooperative group learning and educational game. Seminar/discussion is a strategy in which one or several group members carry out a study/project on a topic (usually selected by the teacher/tutor) and present their finding to the rest of the group, followed by discussion (usually teacher-led) of the findings to reach a general conclusion [START_REF] Reigeluth | Instructional-design Theories and Models: A new paradigm of instructional theory[END_REF]. Educational game is a strategy in which learners follow prescribed rules that differ from those of reality as they strive to attain a challenging goal which is usually competitive [START_REF] Reigeluth | Instructional-design Theories and Models: A new paradigm of instructional theory[END_REF]. Finally, the cooperative group learning is used to provide learners with a welldefined framework from which they learn from one another [START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF].

Pedagogical Actions

To apply the different strategies, the model proposes a set of actions that can be performed by the teacher/tutor. For that, this model adopts the new classification of pedagogical actions by using the knowledge classification [START_REF] Bruning | Cognitive Psychology and Instruction: Second Edition[END_REF]. Table 5.4 presents the different pedagogical actions adopted by PPM.

Action Description Transmit

Teacher/Tutor transmits the object to the learner(s).

Acquire

Teacher/Tutor builds new object by adopting different rules.

Build

Teacher/Tutor acquires the object form the learner(s). To execute the pedagogical action, the teacher/tutor adopts different atomic objects. According to the component display theory [START_REF] Merrill | Component display theory[END_REF], Table 5.5 specifies the different types of objects.

Object Type Definition Fact

Logically, it is associated pieces of information. Some examples are names, dates, and events.

Concept

It includes symbols, events, and objects that share characteristics and are identified by the same name. Concepts make up a large portion of language and understanding them is integral to communication.

Procedure

It is a set of ordered steps, sequenced to solve a problem or accomplish a goal.

Principle

It works through either cause-and-effect or other relationships which explain or predict why something happens in a particular way. 

Correlation Between Pedagogical Process and Learning Process

The pedagogical correlation is specified by orientation relationships. In fact, the pedagogical intention is oriented to the learning intentions. 

II. Model Exploration 1. Exploration Arguments

These arguments are used by adopting the same main rules of LPM exploration. In fact, the logical argument is introduced by the three major pedagogical orientations (Teacher-Directed, Learner-Directed, Teacher-Learner Negotiated). The pedagogical method defines the quasi-logical argument. The major pedagogical methods are [START_REF] Petrina | Instructional Methods and Learning Styles[END_REF]:

• Direct Instruction: this method is highly teacher-directed and is among the most commonly used. This method includes strategies such as lecture, didactic questioning, explicit teaching, practice and drill, and demonstrations, the use of a simple and easily understood language for non-expert users in the field.

• Indirect Instruction: inquiry, induction, problem-solving, decision-making, and discovery are terms that are sometimes used interchangeably to describe indirect instruction.

• Interactive Instruction: it relies heavily on discussion and sharing among participants.

• Experiential Learning: this method is learner-centered and activity-oriented. Personalized reflection about an experience and the formulation of plans to apply learning to other contexts are critical factors in effective experiential learning.

• Independent Study: it refers to the range of pedagogical methods, which are purposefully provided to foster the development of individual student initiative, self-reliance, and selfimprovement.

The rhetorical argument is identified by Therer-Willemart's grid of teaching style [START_REF] Therer | Styles et stratégies d' enseignement et de formationApproche paradigmatique par vidéo[END_REF]. This grid defines Transmissive, Incitative, Permissive and Associative teaching style.

Pedagogical Progression

In order to present process progression, this section depicts different selection guideline of pedagogical process model.
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Intention Selection Guidance

This section will describe the intention selection guidelines allowing us to progress in the pedagogical process by selecting the appropriate pedagogical intention.

Progress From Start

The guideline ISG 1 <(Session, With State(Session)= Started), Progress from start> is used to guide the pedagogical process progression by selecting the first intention between presenting the content, gaining the learners' attention, informing the objective and stimulating the prerequisite (see Fig. 5.4). The latter permits to recommend the appropriate strategy between educational game and simulation.

The selection of presenting intention depends on the pedagogical orientation teacher-directed or the method direct instruction. The gaining intention is achieved by using the method interactive instruction or the pedagogical orientation learner-directed. To achieve this intention, the SSG 1 <(Session, With State(Session)= Started), Progress towards the Gain (Attention)> is adopted to select most appropriate strategy. However, the method direct instruction and the transmissive or the associative style are adopted to reach the informing intention. Finally, the sitmulating intention depends on the method indirect instruction and the incitative or the permissive style. 

Progress From Gain

After gaining the learner's attention, the guideline ISGG 2 <(Attention, With State(Attention) =Gained), Progress from the Gain (Attention)> orients the selection of the appropriate intention between informing about the objective and presenting the pedagogical content (see Fig. The stimulating intention depends on the method interactive instruction or the orientations teacher-learner negotiated or learner-directed. The selection of the presenting intention is achieved by adopting the pedagogical method direct instruction and the teaching style transmissive. This selection is supported by the guideline SSG 5 to identify the appropriate strategy between lecture/presentation and tutorial. 

Progress From Stimulate

After the recall of prerequisite, the guideline ISG 4 <(Prerequisite, With State(Prerequisite)= Recalled), Progress from the Stimulate(Prerequisite)>permits to guide the selection of intention between to inform the learner about the objective or to present/reinforce the content (see Fig. 5.7). The selection of presenting intention depends on the pedagogical orientation teacherdirected and the method direct instruction. After this selection, the guideline SSG 3 <Prerequisite, With State(Prerequisite)= Recalled), Progress towards the Present (Content)> is adopted to recommend the most suitable strategy between tutorial and lecture/presentation. The informing intention is achieved by applying the method direct instruction and the teaching style incitative.

Finally, the reinforcing intention depends on the method indirect instruction or the orientation learner-directed. 

Progress From Reinforce

After reinforcing the content, the guideline ISG 6 <(Content, With State(Content)=Reinforced), Progress from the Reinforce (Content)> orients the selection of the appropriate intention between presenting the content, stimulating the recall of prerequisite, eliciting the learning performance, extending the performance, concluding the session and presenting the new content (see Fig. 5.9). The selection of presenting intention depends on the method direct instruction and the transmissive teaching style. The stimuating intention is achieved by applying the method interactive instruction or the orientation teacher-learner negotiated. The achievement of eliciting intention is supported by the method experiential learning or the orientation learner-directed. The extending intention depends on the method independent study or the orientation learner-directed.

The stopping intention is achieved by adopting the orientation teacher-learner negotiated or the method independent study. Finally, the reinforcing intention depends on the orientation teacherlearner negotiated. 

Progress From Elicit

After the performance elicitation, the guideline ISG 7 <(Performance, With State (Performance)= Elicited), Progress from the Elicit(performance)> is used to guide the selection of the suitable intention between reinforcing the content, assessing the learning performance, concluding the session and eliciting the new learning performance (see Fig. 5.9). The achievement of reinforcing intention is supported by the pedagogical method indirect instruction or the orientation teacher-learner negotiated. For that, the guideline SSG 8 <(Performance, With State(Performance)= Elicited), Progress towards the Reinforce (Content)> selects the most appropriate strategy of reinforcing between demonstration/modeling and tutorial. The selection of assessing intention depends on the orientation learner-directed or the method experiential learning. The stopping intention is reached by using the method independent study or the orientation learner-directed. At the end, eliciting intention is achieved by adopting the method experiential learning and the style incitative. 

Progress From Assess

After the assessment, the guideline ISG 8 <(Performance, With State(Performance)= Assessed), Progress from the Assess(performance)> permits to recommend the appropriate intention between to reinforce the content or to extend the performance or to conclude the session (see Fig. 5.11). The reinforcing intention depends on the orientation teacher-learner negotiated or the method interactive instruction. The selection of the extending intention is achieved by adopting the pedagogical method independent study and the orientation learner-directed. Finally, the stopping intention is achieved by adopting the pedagogical orientation teacher-directed. 

Strategy Selection Guidance

This section will describe the strategy selection guidelines allowing us to achieve the appropriate pedagogical intention by selecting the suitable pedagogical strategy.

Progress From Start To Gain

The guideline SSG 1 <(Session, With State(Session)= Started), Progress towards the Gain (Attention)> permits to recommend the appropriate alternative in order to start the session by gaining the learner' s attention. This guideline proposes two strategies educational game and simulation (see Fig. 5.13). The choice of educational game depends on the orientation learner-directed or the method interactive instruction. The use of simulation strategy is supported by the pedagogical method experiential learning or the orientations teacher-learner negotiated or teacher-directed. 

Progress From Gain To Inform

After gaining the learner's attention, the guideline SSG 2 <Attention, With State(Attention)= Gained), Progress towards the Inform (Objective)> is used to guide the selection of the suitable strategy to inform learners about the pedagogical objective. For this purpose, this guideline adopts the lecture/presentation strategy and the seminar/discussion strategy (see Fig. 5.14). The use of lecture/presentation strategy depends on the orientations teacher-directed or learner-directed or the method direct instruction. On the other hand, the seminar/discussion strategy is supported by the pedagogical method interactive instruction and the teaching style associative. 

Progress From Stimulate To Present

By considering the recall of pedagogical prerequisite, the guideline SSG 3 <Prerequisite, With State(Prerequisite)= Recalled), Progress towards the Present (Content)> is adopted to recommend the selection of the appropriate strategy to present the content. The tutorial strategy and the lecture/presentation strategy are selected by this guideline. The use of tutorial strategy is supported by the pedagogical method indirect instruction or the orientations teacher-learner negotiated or learner-directed. The selection of lecture/presentation strategy depends on the orientation teacher-directed or the method direct instruction. 

Progress From Gain To Present

After gaining the learner's attention, the guideline SSG 4 <(Attention, With State(Attention) = Gained), Progress towards the Present (Content)> orients the selection of the required strategy to present the pedagogical content. This guideline adopts the tutorial strategy and the lecture/presentation strategy. The tutorial strategy is used by adopting the pedagogical method indirect instruction or the orientations teacher-learner negotiated or learner-directed. On other hand, lecture/presentation strategy depends on the orientation teacher-directed or the method direct instruction. 

Progress From Inform To Present

After the objective presentation, the guideline SSG 5 <(Objective, With State(Objective)= Presented), Progress towards the Present (Content)> is used to guide the identification of the appropriate strategy to present the content between the tutorial strategy and the lecture/presentation strategy. The selection of tutorial strategy is supported by the pedagogical method indirect instruction or the orientations learner-directed or teacher-learner negotiated. The choice of lecture/presentation strategy depends on the teaching style transmissive and the method direct instruction.

FIGURE 5.17: Structure of PPM.SSG5

Progress From Present To Elicit

In order to elicit the learning performance, the guideline SSG 6 <(Content, With State(Content)= Presented), Progress towards the Elicit (performance)> recommends the appropriate strategy between the practice/drill, the laboratory/problem solving and the cooperative group learning. This elicitation is based on the content presentation. The use of practice/drill strategy depends on the orientation learner-directed or the method experiential learning. The selection of laboratory/problem solving strategy is supported by the pedagogical method indirect instruction or the orientations teacher-learner negotiated or teacher-directed. Moreover, the use of cooperative group learning strategy is supported by adopting the pedagogical method interactive instruction or the orientations teacher-learner negotiated or teacher-directed. 

Progress From Present To Reinforce

After the content presentation, the guideline SSGG 7 <(Content, With State(Content)= Presented), Progress towards the Reinforce(Content)> is used to guide the process progression by selection of the required strategy to reinforce this content between the tutorial strategy and the demonstration/modeling strategy. The choice of tutorial strategy depends on the orientation learnerdirected or the method indirect instruction. The selection of demonstration/modeling strategy is supported by the pedagogical method direct instruction or the orientations teacher-learner negotiated or teacher-directed. 

Progress From Elicit To Reinforce

After the performance elicitation, the guideline SSGG 8 <(Performance, With State(Performance)= Elicited), Progress towards the Reinforce (Content)> orients the selection of the appropriate strategy to reinforce the pedagogical content between the tutorial strategy and the demonstration/modeling strategy. The selection of tutorial strategy depends on the orientations teacherdirected or learner-directed or the method direct instruction. Concerning the demonstration/modeling, it is used by adopting the pedagogical method interactive instruction or the orientation teacherlearner negotiated. 

III. Summary

The major objective of our research is to deliver an adaptive content and a suitable learning path. To this end, this chapter defines an intentional model to adapt and orient the pedagogical process to the learning process. This model can serve researchers in the adaptive learning domain by orienting the most suitable pedagogical process, which enriches personal information and satisfies pedagogical needs.

By considering the various pedagogical orientations, the different pedagogical methods and the teaching style, the model can support the teacher/tutor to select the appropriate intention type and the suitable pedagogical strategy.

This Map based model adopts the condition of learning theory [7] to specify seven major intentions, namely gain, present, inform, stimulate, elicit, extend and reinforce. Three types of pedagogical strategies (cognitive, metacognitive and social/affective) achieve these intentions. Moreover, these strategy types are used to classify the different intention achievement guidelines of model. By adopting the intentional models, the next chapter specifies a guidance procedure for adaptive construction of educational processes.

CHAPTER 6

Guidance Procedure of Educational Processes Construction

By considering the previous process models, this chapter presents a guidance procedure for adaptive construction of learning process and pedagogical process by adopting a DBN. At the beginning, a general view of procedure is introduced. After that, the main elements of procedure is specified by presenting the educational context network, the consistency and the progression rules.

* * *

I. Procedure Overview

This procedure specifies an algorithm to guide the adaptive construction of educational processes. Firstly, the proposed procedure determines the different dimensions of the individual learning style by using four on-line questionnaires. As shown in algorithm 1, a pretest is assessed to deduce the probability of the last achieved learning intention. By adopting the major dimension of individual learning style, this achieved learning intention is used to determine the probability of last achieved pedagogical intention. Through these achieved educational intentions, the procedure initiates the probability distribution of the relevant context variables and the next educational intentions by using the DBN of educational context.

For each iteration, the procedure starts by testing the consistency between the next pedagogical intention and the last achieved learning intention. If this consistency validated, the proposed procedure tests also the consistency of educational strategies. When this test is not verified, the algorithm changes the selected strategies. For that purpose, it starts by changing the learning strategy. If this strategy is not changed, the algorithm changes the pedagogical strategy.

By executing the predefined guideline, the procedure validates the achievement of the current educational intentions by adopting the recommended strategies. After that, it infers the new probability distributions of context variables by adopting the last achieved educational intentions. In addition, it determines also the new probability distributions of the next educational

Dynamic Bayseian Network

One formal framework for uncertainty management is Bayesian Networks. It is also known as belief networks (or Bayes nets for short). It is a directed acyclic graph (DAG). This structure is defined by the variable nodes and the directed edges connecting these nodes form. Nodes represent random variables; directed edges between nodes represent the mutual relationship between nodes (by the parent node to its descendant nodes), with the conditional probability to express the strength of relationship. There is no a priori probability of the parent node of information with expression [START_REF] Arroyo | Inferring learning and attitudes from a Bayesian Network of log file data[END_REF]. This network can be used for three kinds of reasoning [START_REF] Mihajlovic | Dynamic Bayesian Networks: A State of the Art[END_REF]:

• From known causes to unknown effects (causal reasoning)

• From known effects to unknown causes (diagnostic reasoning)

• Combination of the two above However, bayesian networks do not provide direct mechanism for representing temporal dependencies. In attempting to add the temporal dimension into the BN model, various approaches have been suggested [START_REF] Mihajlovic | Dynamic Bayesian Networks: A State of the Art[END_REF]. Frequent names used to describe this new dimension in BN models are "temporal' and "dynamic". In fact, the dynamic Bayesian network (DBN) should be a name of a model that describes a system that is dynamically changing or evolving over time [START_REF] Mihajlovic | Dynamic Bayesian Networks: A State of the Art[END_REF]. This model would be able to enable users to monitor and update the system as time proceeds and even predict further behavior of the system [START_REF] Mihajlovic | Dynamic Bayesian Networks: A State of the Art[END_REF].

DBN can be described as consisting of probability distribution function on the sequence of T hidden-state variables X={X 0 ,. . . ,X t-1 } and the sequence of T observable variables Y={Y 0 ,. . . ,Y t-1 }, where T is the time boundary for a given event being investigated [83] [84].

In order to completely introduce a DBN, three functions are used to specify the parameters of network. These functions are [START_REF] Mihajlovic | Dynamic Bayesian Networks: A State of the Art[END_REF] [84] :

• State Transition Probability Distribution Function P ( X t |X t-1 ), that specifies time dependencies between the states.

• Observation Probability Distribution Function P (Y t |X t ), that specifies dependencies of observation nodes regarding other nodes at time slice t.

• Initial State Probability Distribution Function P(X 0 ), that brings initial probability distribution in the beginning of the process.

Dynamic Bayseian Network and Intelligent Tutoring Systems

Researchers have applied bayesian networks to many domains [START_REF] Johnson | Pedagogical Agents for Web-Based Learning[END_REF], including E-learning, E-Commerce and different applications of Multi Agents. In E-Learning, bayesian modeling has been used in two tasks for helping students to learn through ITS [START_REF] Santhi | Review of intelligent tutoring systems using bayesian approach[END_REF]:

• Problem State: the problem structure must be modeled to suggest interactive help by understanding what the user is trying to do [START_REF] Stamper | Experimental evaluation of automatic hint generation for a logic tutor[END_REF]; and,

• Knoweldge State : the student state of knowledge and preferences regarding each concept in the target domain should be tracked to infer the degree of knowledge mastery [88] [89].

Within the field of ITS, learner modeling is important because it can help guide interaction between a learner and an ITS [START_REF] William | Learning Bayesian Knowledge Tracing Parameters with a Knowledge Heuristic and Empirical Probabilities[END_REF]. This learner modeling task involves new probabilistic models for studying example and solving problem [START_REF] Eagle | Estimating individual differences for student modeling in intelligent tutors from reading and pretest data[END_REF]. These learner models can provide long-term knowledge assessment, plan recognition, and prediction of learners actions during problem solving, as well as assessment of learners knowledge and understanding as learners read and explain worked out examples [START_REF] Conati | Using Bayesian networks to manage uncertainty in student modeling[END_REF].

We also point out that these models do not consider the relevant variables of educational context that have had large uses in guiding construction of learning process. In fact, this consideration maximizes learner initiative and freedom during the pedagogical interaction by increasing the adaptation level of ITS.

To tackle this problem, we propose to model educational context knowledge (Context State) by considering each relevant context variable. These variables are the pedagogical orientation, the pedagogical method, the learning style, the teaching style, the electronic media and the learning mode.

Within this context, the use of DBN takes into consideration the uncertain quality of an evolving educational context. This task helps to provide a suitable learning path and an appropriate content.

Educational Context Network

The educational context is specified by using a DBN. In fact, this network is created by adopting the known structure and the full observability method to support the diagnostic reasoning. Known structure means that we are in position to know the whole topology of the network [83] [84].

Full observability means that the values of all variables are known [83] [84].

In order to model this network, the empirical study uses GeNIe Modeler [START_REF]GeNIe Modeler USER MANUAL[END_REF] which is a development environment for building graphical decision-theoretic models. It was created and developed at the Decision Systems Laboratory, University of Pittsburgh between 1995 and 2015. [START_REF]GeNIe Modeler USER MANUAL[END_REF].

Context Variables

By adopting a uniform structure, the educational context network (see Fig. 6.1) includes three types of variables:

• Input Variables: the first variable is determined by four questionnaires. These questionnaires identify the values of style dimensions (Reflector Dimension, Pragmatist Dimension, Activist Dimensions and Theorist Dimension). The pretest is assessed to determine the value of second input variable.The pretest score is a continuous variable which is converted to discrete variable by adopting the method "equal width interval binning" . In fact, the latter is simplest discretization method [START_REF] Dougherty | Supervised and unsupervised discretization of continuous features[END_REF].

• Latent Variables: the last achieved learning and pedagogical intentions are considered as latent variables of network.

• Observed Variables: the different observed variables of network are:

-The pedagogical orientation to be respected by the teacher/tutor and the learners.

-The learning mode to be applied by the learners.

-The pedagogical method to be adopted by the teacher/tutor.

-Theelectronic media to be used by the learners.

-The adapted teaching style to be considered by the teacher/tutor. 

Context Relationships

On the other hand, the educational context network defines three types of relationships between variables (relations of context initiation, relations of context identification and relations of process evolving).

These relationships are applied by an approximate inference to reduce the computing time. In particular, the study adopts Evidence Pre-propagation Importance Sampling (EPIS-BN) algorithm which is the best stochastic sampling algorithm available for discrete Bayesian networks [START_REF]GeNIe Modeler USER MANUAL[END_REF].

The EPIS-BN algorithm uses loopy belief propagation to compute an estimate of the posterior probability over all nodes of the network and then uses importance sampling to refine this estimate [START_REF]GeNIe Modeler USER MANUAL[END_REF]. For that, the algorithm adopts the importance function, which is similar to that of a heuristic function in search algorithms [START_REF] Yuan | Importance sampling algorithms for bayesian networks: Principles and performance[END_REF]. Let X={X 0 ,. . . ,X t-1 } be the set of variables in a bayseian network, PA(X i ) be a parent of X i , E set of evidence [START_REF] Yuan | Importance sampling algorithms for bayesian networks: Principles and performance[END_REF]. Based on these theoretical considerations, Fig 6 .2 defines the optimal importance function. a.

Relationships of Context Initiation

During capturing phase, these relationships initiate the context by using initial state probability distribution. These relationships are used to identify:

• The different dimensions of learning style by adopting four questionnaires.

• The last achieved learning intention by using the score of pretest.

• The last achieved pedagogical intention by considering the last achieved learning intention and the major dimension of learning style.

According to the Honey and Mumford's learning styles questionnaire [START_REF] Clark | Honey and Mumfords learning styles questionnaire[END_REF], the four questionnaires of learning style are specified to identify the individual style dimensions (reflector dimension, pragmatist dimension, activist dimension and theorist dimension). After that, the pretest is assessed to determine the last achieved learning intention. For this purpose, the pedagogical expert defines different rules of the probability distribution of achieved learning intentions by using the pretest score. Table 6.1 presents these rules.

b. Relationships of Context Identification

• Presentation

These relationships identify the current context by using observation probability distribution functions. For each time slice, these relationships are used to determine:

-The pedagogical orientation by using the major dimension of learning style and the last achieved learning intention.

-The learning mode by considering the pedagogical orientation and the last achieved pedagogical intention.

-The pedagogical method by adopting the learning mode and the pedagogical orientation.

-The electronic media by using thepedagogical method and the last achieved learning intention.

-The teaching style by considering the electronic media and the last achieved pedagogical intention. 

c. Relationships of Process Evolving

These relations are used to predict the next educational intention to achieve by considering the last achieved intention. For each time slice, these relationships are used to determine:

• The next learning intention by using the last achieved learning intention. This relation is specified by adopting the state transition probability distribution functions. In fact, we use a number and usage priority of the learning strategies to define different rules of transition probability distribution by considering the predefined intention selection guidelines of process model. To this end, the priorities are fixed as following :

- • The next pedagogical intention by considering the next learning intention and the last achieved pedagogical intention. To this end, we adopt different association rules and the priority of pedagogical strategies. These rules are specified by an expert. In fact, we use the same priorities of learning strategies.

Rules of Consistency

These rules are used to support the correlation between pedagogical process and learning process. For that, the procedure adopts the rules of intention consistency and strategy consistency.

Intention Consistency

The consistency is verified by defining some association rules to specify the guidance relationship between the pedagogical intention and the last achieved learning intention. For example, if the pedagogical intention is Inform and the achieved learning intention is Elaborate, the consistency of pedagogical intention is not verified. When the pedagogical intention is Inform and the achieved learning intention is Explore, the consistency is verified. Algorithm 2 presents the different rules of pedagogical intention consistency.

Strategy Consistency

The procedure adopts the strategy selection guidelines of predefined models to select the appropriate educational strategies. In addition, it adopts different rules to validate the consistency of these strategies. These association rules define different conditions of learning situation. For example, if the learning strategy is Creating Structure for I/O, the pedagogical strategy Educational Games is not consistent. When the learning strategy is Practicing, this pedagogical strategy is consistent. Algorithm 3 specifies the different rules of the consistency for the creating structure strategy.

If the test is not validated, the algorithm selects another learning strategy by using progression rule. If this strategy is not changed, the algorithm selects another pedagogical strategy. In fact, the strategy selection adopts the second appropriate values of context variables by using the progression rules.

• Rule of Learning Intention/Learning Strategy Selection: Three forms specify these rules. The first form is described by the electronic media. The electronic media or the learning mode define the second form. This mode and the learning style identify the third form. These rules are expressed by the following expression: Electronic Media OR Learning Mode OR(Learning Mode AND Electronic Media).

III. Summary

After the presentation of the intentional models of educational processes, this chapter specifies a guidance procedure for adaptive construction of learning process and pedagogical process. This procedure is based on DBN of the educational context to predict the relevant context variables. This network is adopted to model the evolving educational context by inferring the new probability distribution after the achievement of current educational intentions.

Practically speaking, the procedure is started by the determination of learning style dimensions by using on-line questionnaires. After that, the score of pretest identifies the different achieved educational intentions. These intentions are used to start the construction of educational processes by using DBN. In fact, the context network makes this construction more adaptive. Moreover, this adaptive construction is guided by adopting the predefined models of educational processes. This guided construction applies two major rules (rules of consistency and rules of progression). To illustrate the applicability of the proposed procedure, the subsequent chapter presents the experimental results.

CHAPTER 7 Validation

This chapter presents the experimentation of GAGO construction approach described in chapter 4. It begins with describing the component view and software view of the proposed architecture. In fact, this approach is supported by ITS to guide the adaptive construction of educational processes. The component view illustrates the instantiation of intentional models and other approach components. The software view shows what technologies are used to implement the approach. The second section describes the experiments conducted and analyzes the experiment findings. The third section evaluates the results. At the end, the fourth section concludes with discussion. The domain model is specified by a domain expert in order to describe all topics that cover a particular domain of teaching as well as its relationship which defines how the resources can be selected and sequenced in consistent manner. The process models include learning process model and pedagogical process models. The pedagogic expert specifies these models in order to guide the adaptive construction of educational processes by proposing the appropriate educational intention, the required educational strategy and the suitable electronic media. The guidance procedure specifies a proposed algorithm of approach.

In fact, the guidance procedure utilizes a number of repositories to store the input models and to predict the relevant context variables by adopting DBN:

• Resource Repository: stored in this repository all of the learning resources;

• Learning Profiles: stored in this repository all of the learning profiles;

• Learning Traces: all of learning traces are contained in this repository;

• Pedagogical Traces: all of pedagogical traces are included in this repository;

• Pedagogical Estimations: stored in this repository all of the pedagogical estimations and,

• Educational Context Predictions: all of context variables predictions are stored in this repository.

The guidance procedure takes all the input models (domain, pedagogical process and learning process models) and predicts the relevant variables of educational context to select the required electronic media, the appropriate intention and the suitable strategy. The prediction is performed by satisfying the different pedagogical constraints and considering the probability distribution of last achieved educational intentions. In fact, the pedagogic expert and the domain expert determine the different estimations of these constraints. After the educational intentions achievement, the traces of the learners and teachers/tutors are stored in the repositories. Experimentations were conducted to test the approach and to measure its acceptance by students. A total of 130 students used the approach during the academic year 2014 -2015. The value of approach is in its capability to construct learning process and pedagogical process and to apply them. For that reason, three experimentations were conducted in a tertiary education institution in Tunisia (ISEAH Zaghouan) in order to test this capability.

Software View

The first experimentation (experimentation 1, during October-November 2014) focused on the determination of style dimensions. In this experimentation, 15 students used the EvalQcm website [START_REF] Mihajlovic | Dynamic Bayesian Networks: A State of the Art[END_REF] to respond to four dimension questionnaires. The participants in this experimentation were second year students (Applied License in Business English).

The other experimentation focused more on the application of proposed approach. In this experimentation, 75 students (experimentation According to [START_REF] Park | An Analysis of the Technology Acceptance Model in Understanding University Students Behavioral Intention to Use e-Learning Research hypotheses[END_REF], Table 7.2 presents demographic items of students such as academic years, gender, the number of e-learning courses currently being taken, the number of e-learning courses previously taken, and the availability of high-speed Internet at home. This table shows that the first year students present 57.7 %. The availability of high speed internet at home is limited. To overcome these constraints, the guided construction becomes a major requirement.

In addition, the number of e-learning courses currently being taken is 2 or more for 92.03 % of students. For 57.69% of students, the number of e-learning courses previously taken is one or more. For that, the adaptive construction of educational processes is needed. 

Procedure

The experiments were conducted at students institute within their regular classrooms. A total of 130 students used the approach during the academic year 2014-2015 (Experimentation 1: 2 months, Experimentation 2: 5 months and Experimentation 3: 3 months). During the experimentation 1, the students completed the style questionnaires (see Appendix C) and the pretest (see Appendix D). The latter assess the students' knowledge level for three courses (Microsoft Word, Microsoft Excel, and English Grammar). The experimentation 2 and 3 focused on the application of approach. For that, the students used personal computers for connecting to learning environment of 14 Tunisian universities, which was deployed on a server available through the local network of the institute (ISEAHZ).

During the experimentation 2 and 3, the students followed the appropriate content according to their knowledge level, as calculated by pretest. Firstly, the students and the tutors were given explanation of the principle of approach, which clarified the final objective of approach and allows for determination of the most suitable learning path for a given course content. This objective is achieved by the generation of learning process and pedagogical process. After that, the tutor introduced the pedagogical and the learning process already constructed by the approach and presented for each student. For each month, these experimentations included 12 learning sessions of 2 hours. At the beginning of learning session, the tutor introduced the pedagogical and the learning process already constructed by the approach and presented. During each learning session, the tutor adopted the predefined pedagogical process to monitor the use of predefined learning process by each student. At the end of session, the tutor and the students evaluated the approach.

Illustrative Example

The section depicts an example of procedure execution. In fact, this procedure adopts an iterative treatment which includes the capture of context, the verification of consistency and the achievement of models guidelines.

Initiation

After responding to the learning style questionnaires, According to the last distribution, Table 7.5 defines the probability distribution of the achieved pedagogical intention of the tutor (Tut 1). At the beginning, the procedure uses the predefined strategy selection guidelines and the different progression rules to select the pedagogical strategy Demonstration/Modeling and the learning strategy Receiving and Sending Messages. After that, it validates the achievement of educational intentions by applying the recommended guidelines and respecting the predefined delay.

Intention Type Start Gain Inform

Fourth iteration

By considering the probability distribution of achieved educational intentions, Table 7.9 presents the predicted values of pedagogical variables. The prediction of next educational intentions permits to Stop the execution of guidance procedure.

Value Probability Pedagogical Orientation

Learner-Directed 0. 

Artifacts

By considering the last example of guidance procedure execution, we present the learning process and the pedagogical process. These processes are introduced by specifying the correspondent scenario.

Nominal Scenario

After the pretest assessment and the determination of individual learning style dimensions, the following scenario illustrates the use of the learning and pedagogical process: Formatting.

• By using this tutorial, the learner Le 1 explores the Table Formatting domain.

• After the exploration, Tut 1 sends a video of conditional formatting by using a forum.

• Le 1 uses this video to reflect on this new concept.

• At the end, Tut 1 sends a case study to achieve a comprehension level of conditional formatting.

Learning Process

Based on the learning process model, Table 7.10 illustrates the different sections of the learning process. 

Section Type

Pedagogical Process

Based on the pedagogical process model, 

Comments

After adopting the proposed approach, this section presents the comments of different learners and tutors.

Tutors' Comments

Tutors' comments served for evaluating GAGO approach in the earlier period of the different experimentations. For example, one tutor commented, "The determination of learning style dimension is low sometimes". The described problem was triggered when there were several simultaneous connections to the server.

Another tutor commented, "I like that the evaluation will include more course". This comment was considered in the experimentation 3 by including many educational processes in the course of English grammar.

Another comment was, ''I like that the guidance engine interface will be in French" By considering this comment, two versions of interface (in English and in French languages) will be available.

Learners' Comments

For enhancing a proposed approach, different learner comments are considered in the different periods of experimentation. For instance, one leanrer commented, "The determination of achieved learning intention is dependent only on pretest". This comment is considered by including different variables to define the achieved intention (learning style, pedagogical intention). After the comparative analysis, the conclusion is that the score of pretest is the appropriate variable of intention determination.

Another learner commented, "I like that the course will include more scenarios". This comment was considered in the experimentation 2 by including many scenarios in the course of Excel 

Pedagogical processes

As shown in Fig. 7.5, the appropriateness of majority of pedagogical processes is very good (46%). Moreover, 12 % of processes are very bad and 14% of processes are bad.

For the word course, 17% of pedagogical processes are good and 49% of processes are very good.

On the other hand, 13% of pedagogical processes of excel course are good and 55% of processes are very good. For the English grammar course, 30% of pedagogical processes are good and 25% of processes are very good. 

Evaluation of Prediction

To assess the prediction precision, we developed two confusion matrices for both educational processes to calculate the precision and accuracy of a total of 190 pedagogical processes and 144 Chapter 7. Validation 190 learning processes.

In fact, a confusion matrix is a generic data structure which serves a variety of purposes across different fields [START_REF] Xu | EM-based phoneme confusion matrix generation for lowresource spoken term detection[END_REF]. They are commonly known as contingency tables or error matrices that are used to evaluate the performance of a classifier, where the rows are associated with actual classes and the columns are associated with predicated classes [START_REF] Xu | EM-based phoneme confusion matrix generation for lowresource spoken term detection[END_REF].

According to the first matrix, the number of recommended processes correctly classified is 88 (True Positive). The number of unrecommended processes that are not classified correctly is 16 (False Positive). In addition, the number of recommended processes that are not classified correctly is 35 (False Negative). Finally, the number of unrecommended processes correctly classified is 51 (True Negative). For the recommended process, the appropriateness is greater than 60%. In fact , if the appropriateness is greater than 79% then the process is considered as "True Positive". However, the recommended process is a "False Negative" if the appropriateness is between 60% and 79%. In addition, if the appropriateness is less than 40% the process is viewed as "True Negative". Finally, if the appropriateness rate is between 40% and 59% then the process is considered as "False Positive".

In fact, the precision and the accuracy are calculated as follows:

• Precision = True Positive /(True Positive+False Positive)

• Accuracy= (True Positive+True Negative)/ (True Positive+ False Positive+ True Negative + False Negative)

By analyzing the values of two matrices, the rate of prediction precision for tutors is 72% and 81 % for learners and also the rate of prediction accuracy for pedagogical process is 73% and 68.9% for the learning process.

Global Evaluation

In our experiments, the tutors and the learners evaluate our approach by answering questionnaires. According to [START_REF] Yang | Learning Path Construction in e-Learning What to Learn and How to Learn ? Learning Path Construction in e-Learning What to Learn and How to Learn ?[END_REF], these questionnaires are defined. In fact, they show the results of learning progress generated from our approach. Tutors questionnaire shows the overall tutoring progress and the progress of different groups of learners. While learners questionnaire shows individual learning progress and the tutoring progress belongs to. Both tutors and learners evaluate the results mainly from the aspects of if the results coincide with their cognition and can help them better understand their progress.

These questionnaires assess the opinions of learners and tutors on our 7 parts of experiments (P1 -P7). P1, P2 and P3 concerns results describing the early, interim and mature stages of study. P4 concerns learning progress over time. P5 concerns tutoring progress. P6 concerns the strength of impact of each learning requirement for each learner. Finally, P7 concerns the strength of impact of each pedagogical preference for different groups of learners.

These questionnaires express how accurate our experiment results in explaining suitable learning path and appropriate content and how good our results in helping learners understand their learning performance and make improvement. The evaluation adopts a scale with scores from 1 to 5 in each of the questions P1 -P7. Scores 1 -5 means totally disagree, agree with a small part, agree with half of the experiment results, mostly agree, and totally agree, respectively.

Fig. 7.9 intuitively illustrates the level of agreement by tutors. As shown in Fig. 7.9, the average score 72% shows tutors mostly agree. Our results explain the appropriate pedagogical process accurately.

FIGURE 7.9: Tutors Opinions Fig. 7.10 shows opinion from learners. Results show that learners had a very high level of agreement (scored 75% in average and scores of P1 and P3 >= 80%) that our results well depicted their suitable learning processes and could help them to make improvement. 

IV. Discussion

Several research studies have been conducted on content adaptation and its influence on learning. The majority of these studies emphasized that content is the major source of individual differences in learners' performances. More recently, however, there is more concern with process as another source of individual differences. There has been more focus on the investigation of aspects of personal characteristics such as learning styles and their impact on learning.

The focus on the learning process, in general, and the use of adaptation approaches, in particular, are motivated by educational and psychological theories which argue that learners have different ways in which they prefer to learn. Pedagogical research indicates that process construction has a deep influence on the efficiency of adaptive learning. It also highlights the need to individualize the learning process according to the personality types of the learners.

Research has shown that learners with various personality types may differ in their cognitive state, learning mode, and learning style. In addition, tutors may differ in their pedagogical orientation, pedagogical method and teaching style. Therefore, it is equally important to consider not only the learning requirements of the learner but also the pedagogical preferences of the tutor.

Only few studies investigated the effect of process construction on ITS adaptivity level. For this reason, the present study introduces a definition framework to compare the various construction approaches and propose a new construction approach of educational processes.

Interpretation

The present study focuses on the specification of an intentional approach for constructing educational processes to support ITS based learning and tutoring. This approach is adopted to detect and respond to pedagogical preferences and learning needs through the provision of appropriate content and suitable learning path for each learner. The new idea of educational Chapter 7. Validation process construction is to generate an individualized learning process for each learner by selecting the most appropriate pedagogical process according to the actual preferences of the tutor. Therefore, learners will be able to achieve the learning goal more efficiently when the pedagogical process is more adapted to their individual differences.

To provide a definition of an educational process that supports a proposed approach, the present study relied on a review of studies about different approaches of learning and teaching in order to consider them into a new multi-level view of educational process definition. This view introduces an intentional process concept which determines the various objectives to achieve by identifying the different ways to apply.

This key concept is adopted to specify intentional models by incorporating a new classification of educational strategies for process construction. This classification supports more precise intention achievement. The proposed models are also open to various electronic media and different types of learning objects to execute simple actions of learners and tutors. In fact, these models offer an adjustable fine-grained educational process specification to support the implementation of different learning and teaching approaches. This also enhances the modeling of educational processes to allow process construction to be guided in different ways.

This approach is developed to provide a comprehensive solution to address the need of process adaptation. For this purpose, it defines a DBN for educational context to support an adaptive construction by predicting the most relevant variables of an evolving educational context. This network can automatically predict the next educational intentions and other context variables from the last achieved educational intentions and the individual learning style.

In order to find out the appropriate intention and suitable strategy, the approach specifies a guidance procedure by defining the different rules of progression and consistency. The first rule supports the selection of the next intention by identifying the required strategy. To this end, the second rule is specified to check the congruence between the pedagogical strategy and the learning strategy in order to rule out any inconsistent pedagogical intention. The intention is considered inconsistent by testing the association rule between the next pedagogical intention and the last achieved learning intention.

After the different experimentations, the interpretation of findings has the potential to offer the following benefits to the tutors:

• Reducing the efforts of tutoring by adopting an appropriate pedagogical process. This benefit is related to the possibility of constructing a pedagogical process consisting of one or more pedagogical intentions achieved by a set of pedagogical strategies. Especially through the intentional model that can be adopted to select the appropriate intention that is more appropriate to pedagogical preferences and which is achieved through a set of learning objects that can support rich adaptation based on the required pedagogical strategy.

• Enhancing resource delivery by considering specific combination of learning requirements and pedagogical preferences. This combination helps the tutor to select the appropriate electronic medium according to individual learning requirements. This medium is used to deliver required learning objects.
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For the learners, the major benefits are:

• Reducing the efforts of learning by adopting an individual learning process. This benefit is related to the possibility of generating one or more learning intentions achieved by a set of learning strategies. Particularly through the intentional model that can be adopted to select the individual path which is more appropriate to the learning requirements in terms that it delivered by a set of learning actions that can support rich personalization based on the suitable learning strategies.

• Guiding learning path by considering a pedagogical process which is appropriate to the individual learning process. This consideration helps the learner to execute the appropriate learning actions by adopting the suitable learning objects.

There is no obvious ideal solution for this research problem. For these reasons, three major limits are observed:

• Restricted number of educational context variables: this limit is due to the six variables of educational context. In fact, the cognitive traits, the presentation forms and the learning levels are not considered by the DBN of educational context.

• Reduced dimensions of individual style: this work shows only four dimensions of learning and teaching style. The leanrers and the tutors may feel some of adaptation that have been provided is not very useful for their tutoring and their learning.

• Limited number of tutors and courses: this limitation can be seen on four tutors who participated in three courses. For that, it might be interesting to confirm the results of the study with large number of tutors and courses.

Recommendations

The purpose of the present study is to reduce the effort required to provide an appropriate content and a suitable learning path by proposing an intentional approach of the educational processes in ITS. For this purpose, different recommendations are proposed for the learners, the tutors and the experts. The major recommendations include:

• Providing the learners with the opportunity to adopt the approach in a wider range of domains.

• Convincing more tutors to adopt the proposed approach by informing them about the direct association with their profession and the good quality of proposed pedagogical processes.

• Presenting the findings of validation to experts within industry and universities for comments.

• Informing the pedagogical experts about the proposed processes by the approach before arranging any learning situation is another important point in developing the approach. It could generate more enhancements for proposed guidance procedure.

• Ensuring more contact and feedback from expert in order to recognize the changing pedagogical requirements and hence update of the proposed intentional models.

• Providing more information to the learners and the tutors to ensure that they understand and evaluate the requirements and the preferences of each other. This evaluation can be adopted in improving the educative context modelling.

However, the proposed approach has a shortcoming that needs to be addressed. For this reason, the proposed recommendations of researchers are:

• The study was limited to one ITS. It would be helpful to know if similar results would be found in different ITS and for different subjects as well.

• Investigations related to the effectiveness of the approach proposed through analysis of learner success in subsequent courses can be extended to know in what ways the approach needs to be changed to ensure a better engagement of tutors and learners .

• Further cross-sectional studies should be carried out to include other variables of educational context.

• More flexibility of the arguments' definition is needed to guide the adaptive construction of educational processes because the minority of learners end up with excellent results.

• Future studies may assess different process models. By reviewing results from different experts, the process models specification can be improved.

• Further studies could be very helpful in determining the trends in how learners and tutors operate in a ubiquitous learning environment and in identifying if a particular implementation of the proposed approach is effective.

V. Summary

After the presentation of the main elements of proposed approach, this chapter specifies the experimentation of the approach. The latter is introduced by describing the component view and software view of proposed architecture. The experiment was carried out in a tertiary school in Tunisia (ISEAH Zaghouan), during the academic years 2014-2015. This experiment involved 130 students. The evaluation shows that both the tutors and the learners mostly agree that our approach can well guide the adaptive construction of educational processes. Moreover, the results can clearly illustrate how a learner can make improvement by using GAGO approach.

In order to enhance this approach, our future works adopt a fuzzy modeling to help guiding educational processes in a more flexible way. Within this context, the conclusion presents the major limitations and the future works.

CHAPTER 8 Conclusion

This chapter summarises the work conducted within this thesis. In the next subsection, a summary of the performed research is given and the contributions of this work are presented. At the end, the limitations of the research work and the discusssion of future work are described.

* * *

I. Summary

Among adaptive learning researches, process adaptation has usually been a rarity. They are valued because of re-usability and extensibility. Within this context, one of the most important contributions of this thesis is the concept of intentional educational process. It supports a new approach to model educational processes by considering the different learning needs and the various pedagogical preferences.

This research has been concerned primarily with adaptive and guided process construction. Through review of the existing body of literature, a multi-level view of educational processes was proposed by defining the different abstraction levels. This view conducts the specification of definition framework to identify the characteristics and drawbacks of different construction approaches supported by ITS.

The important limit of existing approaches is that the majority of systems allow only the application of content adaptation and neglect the process adaptation. In fact, the learning process is viewed as a simple plan of actions to execute which depends on particular situation by the most of ITS. The guidance of learners is not supported by different systems. For that, the construction of a personalized learning path is not flexible. The relationship between the theoretical foundations of teaching/learning to the atomic actions of learners and tutors is not supported by the different ITS. In addition, the correlation between the pedagogical process and the learning process is not considered. Finally, the majority of approaches do not consider the uncerctain context to guide the adaptive construction of learning process and pedagogical process.

an ITS.

However, the model couples the learner's intention with the learning strategies, and provides a multitude of paths between learner intentions [70]. In fact, based on the corresponding learning mode, the individual learning style and the current electronic media, the different model guidelines can adaptively support the learner to achieve his/her intention through the selected strategy [70]. To this end, the model adopts the new classification of learning strategies (cognitive, metacognitive, social and affective strategies). This classification is used also to refine the intention achievement guidelines of model.

Intentional Model of Pedagogical Process Guidance

In order to find out an appropriate content and a suitable path, we have proposed also another intentional model for pedagogical process guidance. This model is specified to orient the pedagogical process to the learning process by adopting the Reigeluth's instructional strategies [19].

According to the various pedagogical orientations, the different pedagogical methods and the teaching style, the model can adaptively support the teacher/tutor to achieve his intention through the selected strategy. The proposed model supports the pedagogical process definition and the enactment by an ITS.

Dynamic Bayesian Network of Educational Context

Our approach is defined to provide a comprehensive solution to address such actual learning needs and dynamic pedagogical preferences. For that, a dynamic bayseian network is specified to predict the relevant variables of educational context (the pedagogical orientation, the pedagogical method, the learning style, the teaching style, the electronic media and the learning mode).

Practically speaking, the use of network is started by the determination of learning style dimensions and the probabilities of last achieved educational intentions. This network represents the uncertain facet of evolving educational context by inferring the new probability distribution of context variables after the achievement of current educational intentions.

Guidance Procedure of Educational Processes Construction

This thesis focuses on developing guidance procedure for constructing learning process and pedagogical process. The proposed procedure starts by determining the dimensions of the learning style. To this end, four on-line questionnaires of learning style dimensions are defined. After that, the procedure detects the probability distribution of the achieved learning intention by using the score of a pretest.

In fact, the procedure adopts an iterative construction, which includes the prediction of educational context variables, the interpretation of predefined educational process models and the construction algorithm. The latter is based on different progression and consistency rules to generate different learning paths according to the appropriate course content.

III. Limitations and Future work

This new vision of approach has the potential of eliminating an important limitation of ITS by allowing teachers/tutors to select the required pedagogical intentions, which fit their courses, in order to guide the selection of appropriate learning intentions. This selection considers the actual learning requirements and the dynamic pedagogical preferences.

The experiments showed that the intentional approach achieved higher results than the other approaches and defined educational processes with high precision. Participants were students from the same university in Tunisia, studying Applied degree in French or Applied degree in Business English). The students adopt approach for two courses of C2I and english grammar courses. Although universities are one of the major target groups of ITS, and therefore, university students are most suitable as test persons, it might be interesting to confirm our results with university students from other countries for other courses.

The findings developed in this thesis can be used as the basis for further research and developments regarding providing advanced adaptivity, especially in ITS.

Regarding the automatic detection of learning intention, this thesis proposed a concept for intentional modelling, which means that data are gathered and then used to guide the educational process. The conducted research can be seen as the basis for the development of a dynamic process construction, in which the information about students' behaviour and intention are detected immediately and the process construction is updated frequently. Future work will also deal with incorporating the services for determining learner's intention (SDLI) and discovering tutor's intention (SDTI).

Future work will also deal with analysing the concept for providing process adaptation in more detail. Furthermore, other pedagogical variables such as cognitive abilities, presentation forms, and learning level meta-cognitive skills can be investigated with respect to their potential to provide additional information for improving the DBN of educational context. This will allow the system to support more adaptive construction of educational processes.

Another future research will be to extend the concept for guiding process construction in terms of making it more flexible. In fact, it might be interesting to express the different exploration arguments of predefined models by using fuzzy logic.

Another important direction consists in extending pedagogical variables for specifying the ontology of context construction. This extension could facilitate the reuse of the approach for different domains. Furthermore, the context ontology should be extended by considering additional elements of ubiquitous environment in order to enhance the proposed approach.

APPENDIX A

Intention Achievement Guidelines of Learning Process Model

I. Presentation

These guidelines support the learning progression. 

FIGURE 2 . 1 :

 21 FIGURE 2.1: Adaptation Spectrum [29]

FIGURE 2 . 2 :

 22 FIGURE 2.2: ITS Components[START_REF] Beck | Applications of AI in Education[END_REF] 

FIGURE 2 . 3 :

 23 FIGURE 2.3: Multi-Levels View of Educational Process

FIGURE 2 . 4 :

 24 FIGURE 2.4: Products Relationships

FIGURE 2 . 5 : Processes Relationships 20 Chapter 2 .

 25202 FIGURE 2.5: Processes Relationships

FIGURE 2 . 6 :

 26 FIGURE 2.6: Framework Worlds

FIGURE 2 . 7 :

 27 FIGURE 2.7: Learning Process Domains

FIGURE 4 . 1 :

 41 FIGURE 4.1: Map meta-model[START_REF] Rolland | Capturing System Intentionality with Maps[END_REF] 

  4.2). The guideline is defined as set of instructions that are given to specify how to achieve the intention. It is described by signature and body. The signature identifies the different conditions of intention by defining the situation. The body clearly describes the different action steps of intention achievement.
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  4.10). The selection of engaging intention depends on the accretion mode and the activist style. The electronic media forum and email can be used by learners to achieve the stopping intention. The reflecting intention is supported by adopting the mode structuring and the style theorist. The elaborating intention is achieved by using the structuring mode and the pragmatist style. To reach this intention, the guideline SSG 3 <(Level, With State(Level)= Not elaborated), Progress towards the Elaborate (Level)> is used to select the required strategy between practicing, cooperating with others, analyzing and arranging.
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 410 FIGURE 4.10: Structure of LPM.ISG4

  4.11). The selection of refecting intention adopts the theorist style and the accretion mode. The achievement of exploring intention is supported by the mode accretion or the electronic media eBook or webpages. The elaborating intention is achieved by using the tuning mode or the electronic media wiki or forum. Finally, the selection of engaging intention depends on the electronic media webpages or the eBook. This selection adopts the SSG 4 <(Assessment, With State(Assessment)= Presented), Progress towards the Engage (Assessment)> to identify the required strategy between encouraging yourself and evaluating your learning.
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  4.14). This guideline proposes four strategies of elaboration (the arranging and planning your learning, the cooperation, the analyzing and reasoning and the practicing). The strategy arranging and planning your learning is supported by the learning mode structuring and the learning style pragmatist. The choice of cooperation strategy depends on the electronic media forum or email or wiki. The selection of analyzing and reasoning strategy is supported by the learning mode structuring or the electronic media webpages or ebook or blog. Finally, the practicing strategy is achieved by adopting the learning mode tuning and the style activist.
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  5.5). As for presenting intention, it depends on the pedagogical orientation teacher-directed. This selection is supported by the guideline SSG 4 <(Attention, With State(Attention)=Gained), Progress towards the Present (Content)> to identify the appropriate strategy between lecture/presentation and tutorial. The informing intention is achieved by applying the method interactive instruction or the pedagogical orientations teacher-learner negotiated or learner-directed . In order to Chapter 5. Intentional Model of Pedagogical Process 93 achieve this intention, the guideline SSG 2 <Attention, With State(Attention)= Gained), Progress towards the Inform (Objective)> is adopted to select the suitable strategy between lecture/ presentation and seminar/ discussion.
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 7 Fig.7.2 presents the software architecture of ITS, which supports the proposed approach. It is three-tiered client/server. The client represents the different actors of the system: the pedagogic expert, the didactic expert, the learner and the teacher/the tutor. The server executes the actor's requests and delivers the result. The web server is the mediator between the two.
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 2 

	1: Nature View

  These types are fact, concept, procedure and principle. These contents are used to instantiate the domain model, the learner model and the pedagogical model.

	Facet	Attribute	Values
		Type	ENUM {Standard, Proprietary}
	Notation	Form Content	ENUM {Informal, Semi Formal, Formal} ENUM {Fact, Concept, Procedure, Principle}
		Models	SET(ENUM {Domain Model, Learner Model, Pedagogical Model})
		Granularity	ENUM {Course, Sequence, Activity}
	Level	Modularization ENUM {Primitive, Generic, Aggregation}
		Coverage	ENUM {Activity, Product, Decision, Context}

TABLE 2 .

 2 

	2: Description View

Table 2

 2 

	.3 specifies a design view by presenting five facets namely context, construction,
	optimization, guidance and adaptation.

TABLE 2 .3: Design View

 2 

  The different models are map-based, network-based and treebased. Three types of methods namely exact , heuristic , and meta heuristic apply these models. These methods use rule-based and case based techniques. The achieved educational intentions can Chapter 2. Literature Review of Educational Process Construction be used to implement these optimization techniques.

TABLE 2 .

 2 

		Attribute	Values
	Purpose	Process Learning	ENUM {Prescriptive, Descriptive, Explanatory} ENUM {Knowledge, Comprehension, Application, Analysis, Synthesis, Eval-
			uation}
		Reuse	Boolean
	Policy	Evolving	Boolean
		Assessment Boolean

4: Scenario View

TABLE 2 .

 2 Chapter 2. Literature Review of Educational Process Construction

	Facet	Attribute	Values
		Orientation {Teacher-Learner Negotiated}
	Pedagogy	Method	{Interactive}
		Correlation {Not Considered}
		Performance {Remember, Use}
	Learning	Mode	{Accretion, Structuring, Tuning}
		Outcome	{Intellectual Skill, Cognitive Strategy}
	Process	Type Form	{Tactic} {Linear}

6: Nature View of OSCAR CITS
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		Attribute	Values
		Type	{Proprietary}
	Notation	Form Content	{Informal} {Fact, Concept}
		Models	{Learner Model, Pedagogical Model}
		Granularity	{Activity}
	Level	Modularization {Generic}
		Coverage	{Activity}

7: Description View of OSCAR CITS
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8: Design View of OSCAR CITS

TABLE 2 . 9
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		Process	{Descriptive}
		Learning	{Evaluation}
		Reuse	{False}
	Policy	Evolving	{True}
		Assessment {True}

: Scenario View of OSCAR CITS

TABLE 2 .
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		Attribute	Values
		Orientation {Learner-Directed}
	Pedagogy	Method	{Independent Study, Experiential}
		Correlation {Not Considered}
		Performance {Use, Find}
	Learning	Mode	{Structuring, Tuning}
		Outcome	{Cognitive Strategy}
	Process	Type Form	{Tactic} {Linear}

10: Nature View of PCLS
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		Attribute	Values
		Type	{Proprietary}
	Notation	Form Content	{Informal} {Procedure}
		Models	{Learner Model}
		Granularity	{Activity}
	Level	Modularization {Aggregation}
		Coverage	{Product}

11: Description View of PCLS

TABLE 2 .

 2 

12: Design View of PCLS

TABLE 2 .

 2 13: Scenario View of PCLS Chapter 2. Literature Review of Educational Process Construction

		Process	{Descriptive}
		Learning	{Application}
		Reuse	{True}
	Policy	Evolving	{False}
		Assessment {True}

TABLE 2 .
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		Orientation {Learne-Directed}
		Method	{Indirect, Independent Study}
		Correlation {Not Considered}
		Performance {Use, Find}
	Learning	Mode	{Structuring, Tuning}
		Outcome	{Intellectual Skill, Cognitive Strategy}
	Process	Type Form	{Tactic} {Linear}

14: Nature View of ITS-C

TABLE 2 .
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		Attribute	Values
		Type	{Standard}
	Notation	Form Content	{Formal} {Concept}
		Models	{Domain Model, Learner Model, Pedagogical Model}
		Granularity	{Sequence}
	Level	Modularization {Aggregation}
		Coverage	{Product}

15: Description View of ITS-C Chapter 2. Literature Review of Educational Process Construction 33 2.3.3.

TABLE 2 .

 2 16: Design View of ITS-C

TABLE 2 .

 2 17: Scenario View of ITS-C

		Process	{Prescriptive}
		Learning	{Evaluation}
		Reuse	{True}
	Policy	Evolving	{False}
		Assessment {True}

TABLE 2 .
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		Orientation {Learner-Directed}
		Method	{Indirect, Independent Study, Experiential}
		Correlation {Not Considered}
		Performance {Remember, Use}
	Learning	Mode	{Structuring, Tuning}
		Outcome	{Verbal Information}
	Process	Type Form	{Tactic} {Linear}

18: Nature View of ITS-MAS
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		Attribute	Values
		Type	{Proprietary}
	Notation	Form Content	{Informal} {Procedure}
		Models	{Domain Model, Learner Model, Pedagogical Model}
		Granularity	{Activity}
	Level	Modularization {Primitive}
		Coverage	{Product}

19: Description View of ITS-MAS
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20: Design View of ITS-MAS

Table 2 .

 2 [START_REF] Devec | ANDRAGOGICAL AND PEDAGOGICAL ORIENTATIONS OF ADULT[END_REF].

	Facet	Attribute	Values
	Purpose	Process Learning	{Descriptive} {Comprehension, Application, Analysis, Synthesis}
		Reuse	{True}
	Policy	Evolving	{True}
		Assessment {False}

TABLE 2 .

 2 21: Scenario View of ITS-MAS
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		Attribute	Values
		Orientation {Learner-Directed, Teacher-Learner Negotiated}
	Pedagogy	Method	{Experiential}
		Correlation {Considered}
		Performance {Use, Find}
	Learning	Mode	{Structuring, Tuning}
		Outcome	{Cognitive Strategy}
	Process	Type Form	{Strategic} {Linear}

22: Nature View of PEGASE
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		Attribute	Values
		Type	{Standard}
	Notation	Form Content	{Formal} {Procedure}
		Models	{Domain Model, Learner Model, Pedagogical Model}
		Granularity	{Sequence}
	Level	Modularization {Aggregation}
		Coverage	{Context}

23: Description View of PEGASE
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 2 24: Design View of PEGASE

Table 2 .

 2 [START_REF] Chrysafiadi | Student modeling approaches: A literature review for the last decade[END_REF].

	Facet	Attribute	Values
	Purpose	Process Learning	{Descriptive, Explanatory} {Comprehension, Application}
		Reuse	{False}
	Policy	Evolving	{True}
		Assessment {True}

TABLE 2 .

 2 25: Scenario View of PEGASE
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		Orientation {Teacher-Learner Negotiated}
		Method	{Indirect, Interactive}
		Correlation {Not considered}
		Performance {Remember, Use, Find}
	Learning	Mode	{Structuring}
		Outcome	{Intellectual Skill, Cognitive Strategy}
	Process	Type Form	{Tactic} {Linear}

26: Nature View of CIRCSIM-Tutor
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 2 28: Design View of CIRCSIM-Tutor

Table 2 .

 2 29).

	Facet	Attribute	Values
	Purpose	Process Learning	{Prescriptive} {Comprehension}
		Reuse	{True}
	Policy	Evolving	{False}
		Assessment {True}

TABLE 2 .

 2 29: Scenario View of CIRCSIM-Tutor
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		Attribute	Values
		Orientation {Learner-Directed}
	Pedagogy	Method	{Experiential, Independent Study}
		Correlation {Not considered}
		Performance {Use, Find}
	Learning	Mode	{Structuring, Tuning}
		Outcome	{Cognitive Strategy}
	Process	Type Form	{Tactic} {Not Linear}

30: Nature View of TELEOS
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 2 32: Design View of TELEOS

Table 2 .

 2 [START_REF] Elias | An adaptive e-learning environment using distributed spiking neural p systems[END_REF].

	Facet	Attribute	Values
	Purpose	Process Learning	{Descriptive} {Comprehension, Application}
		Reuse	{True}
	Policy	Evolving	{True}
		Assessment {False}

TABLE 2 .

 2 33: Scenario View of TELEOS
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		Orientation {Learner-Directed}
		Method	{Indirect, Independent Study}
		Correlation {Not considered}
		Performance {Use, Find}
	Learning	Mode	{Structuring, Tuning}
		Outcome	{Cognitive Strategy}
	Process	Type Form	{Tactic} {Linear}

34: Nature View of SQLTutor
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 2 36: Design View of SQLTutor

Table 2 .

 2 [START_REF] Review | Handbook of Research on Educational Communications and Technology[END_REF].

	Facet	Attribute	Values
	Purpose	Process Learning	{Explanatory} {Comprehension, Application}
		Reuse	{False}
	Policy	Evolving	{True}
		Assessment {True}

TABLE 2 .

 2 37: Scenario View of SQLTutor
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		Attribute	Values
		Orientation {Learner-Directed}
	Pedagogy	Method	{Direct}
		Correlation {Not considered}
		Performance {Remember, Use}
	Learning	Mode	{Accretion, Structuring}
		Outcome	{Verbal Information, Intellectual Skill, Cognitive Strategy}
	Process	Type Form	{Tactic} {Linear}

38: Nature View of BITS
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		Attribute	Values
		Type	{Standard}
	Notation	Form Content	{Formal} {Concept}
		Models	{Domain Model, Learner Model}
		Granularity	{Activity}
	Level	Modularization {Aggregation, Primitive}
		Coverage	{Activity}

39: Description View of BITS

Table 2 .

 2 [START_REF] Klašnja-Milićević | E-Learning Personalization Based on Hybrid Recommendation Strategy and Learning Style Identification[END_REF].Chapter 2. Literature Review of Educational Process ConstructionBy considering the network-based model, the system adopts exact method of optimization by defining different rules. Moreover, the system supports a flexible guidance by using expository methods to offer the suitable resource. To this end, these methods consider cognitive state. To support a structure and content-based adaptation, the system uses the method aptitude-treatment interaction by applying the technique adaptive course delivery. This technique adopts the learning goal and the prior knowledge to offer the position user selection adaptation for system suggested features.

	Facet	Attribute	Values
	Context	Type Form	{Uncertain} {Stable}
		Approach	{Contingency}
	Construction	Method Technique	{Instantiation} {Curriculum Sequencing}
		Model	{Network-Based}
	Optimization	Method Technique	{Exact} {Rule Based}
		Parameters {Not Defined}
		Type	{Flexible}
	Guidance	Method Parameters {Cognitive State} {Expository}
		Outcome	{Resource}
		Dimension {Content, Structure}
		Position	{User Selection Adaptation for system suggested features}
	Adaptation	Method	{Aptitude-Treatment Interaction}
		Technique	{Adaptive Course Delivery}
		Parameters {Learning Goal, Prior Knowledge})

TABLE 2 .

 2 40: Design View of BITS
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 2 [START_REF] Mitrovic | An Intelligent SQL Tutor on the Web[END_REF].

	Facet	Attribute	Values
	Purpose	Process Learning	{Descriptive} {Knowledge, comprehension}
		Reuse	{True}
	Policy	Evolving	{True}
		Assessment {False}

TABLE 2 .

 2 41: Scenario View of BITS Chapter 2. Literature Review of Educational Process Construction
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		Attribute	Values
		Orientation {Learne-Directed, Teacher-Learner Negotiated}
	Pedagogy	Method	{Interactive}
		Correlation {Not considered}
		Performance {Use, Find}
	Learning	Mode	{Structuring, Tuning}
		Outcome	{Intellectual Skill, Cognitive Strategy}
	Process	Type Form	{Strategic} {Linear}

42: Nature View of ActiveMath

TABLE 2 .

 2 44: Design View of ActiveMath

Table 2 .

 2 [START_REF] Vagale | Learner Model ' s Utilization in the e-Learning Environments[END_REF].
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	Facet	Attribute	Values
	Purpose	Process Learning	{Descriptive} {Knowledge, Comprehension, Application}
		Reuse	{True}
	Policy	Evolving	{False}
		Assessment {True}

TABLE 2 .

 2 45: Scenario View of ActiveMath

TABLE 3 .
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1: Nature View of GOGA Approach

TABLE 3 .

 3 

3: Design View of GOGA Approach

  To this end, it respects the reuse, the assessment and Chapter 3. A Generic, Adaptive, Guided and Optimized Construction Approach for Educational Processes Construction the evolvement policy of process management.

	Facet	Attribute	Values
	Purpose	Process Learning	{Prescriptive, Explanatory} {Knowledge, Comprehension, Application, Analysis, Synthesis,
			Evaluation}
		Reuse	{True}
	Policy	Evolving	{True}
		Assessment {True}
		TABLE 3.4: Scenario View of GOGA Approach

TABLE 4 .
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1: Learning Intentions

[70] 

Table 4 .

 4 2 identifies the states of these objects.

	Intention Object	State
	Session	ENUM{Started}
	Domain	ENUM {Defined, Explored}
	Topic	ENUM {Identified, Reflected}
	Level	ENUM {Not elaborated, Elaborated}
	Assessment	ENUM {Presented, Adopted}

TABLE 4 .

 4 

2: Objects of Learning Intentions

[70] 

Table 4

 4 

	.3

Table 4

 4 

.5): centering your learning, evaluating your learning, and arranging and planning your learning. The aim of centering your Chapter 4. Intentional Model of Learning Process

TABLE 4 .

 4 

	your learning	Overviewing and linking with what they already know Paying attention
	Evaluating your learning	Self-monitoring Self-evaluating
		Organizing
	Arranging and planning your learning Setting goals
		Planning for a task

5: Metacognitive Strategies of Learning

[70] 

TABLE 4 .

 4 

7: Learning Actions

TABLE 5 .
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1: Pedagogical Intentions

[START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF] 

Table 5 .

 5 2 identifies the states of these objects.

	Intention Object	State
	Session	ENUM{Started}
	Attention	ENUM {Gained}
	Content	ENUM {Presented, Reinforced}
	Performance	ENUM {Predicted, Elicited, Assessed, Extended}
	Objective	ENUM {Presented}
	Prerequisite	ENUM {Recalled}

TABLE 5 .
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2: Objects of Pedagogical Intentions

[START_REF] Bayounes | An Intentional Model for Pedagogical Process Guidance Supported by an Adaptive Learning System[END_REF] 

Table 5 .

 5 3 presents the different pedagogical strategies adopted by the model.

	Category	Strategies
		Tutorial
	Cognitive	Lecture/Presentation Demonstration/modeling
		Simulation
		Laboratory/Problem Solving
	Metacognitive	Independent Learner Control
		Practice/Drill
		Discussion/Seminar
	Social and Affective	Cooperative Group Learning
		Educational Games
		TABLE 5.3: Pedagogical Strategies Classification [9]

TABLE 5 .

 5 

	4: Pedagogical Actions

TABLE 5 .

 5 

5: Objects of Pedagogical Actions

Table 5 .

 5 6 presents the different orientation relationships.

	Pedagogical Intention	Oriented to Learning Inentions
	Gain	{Explore, Reflect, Elaborate}
	Inform	{Explore, Elaborate}
	Stimulate	{Elaborate, Reflect}
	Present	{Explore, Elaborate}
	Reinforce	{Explore, Elaborate,Reflect}
	Elicit	{Reflect, Elaborate}
	Assess	{Engage, Elaborate}
	Extend	{Explore, Elaborate}

TABLE 5 .

 5 

	6: Orientation Relationships Between Educational Intentions

Table 6 .

 6 3 presents the different distributions of learning mode by considering the achieved pedagogical intention and the pedagogical orientation.

  2, during November 2014 -March 2015) followed two courses of C2I (Certificate of computer science and Internet), namely Microsoft Word and Microsoft Excel. The participants in this second experimentation were first year students (Applied degree in French and Applied degree in Business English). In the third experimentation (experimentation 3, during September 2015-October 2015), 40 students followed a course of English grammar. The participant in this experimentation were second and third year students (Applied degree in Business English).

	Subject	Period	Number of	Course	Number	Course Name
			Students	Level	of Tutors	
	Style Questionnaires and Pretest	October 2014 -November 2014	15	Second year	1	Microsoft Word
						Microsoft Excel
	Application of Ap-proach	November 2014 -March 2015	75	First Year	1	Microsoft Word
						Microsoft Excel
	Application of Ap-proach	September 2015 -October 2015	40	Year Second	2	English Grammar
				Third		
				year		

TABLE 7 .
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1: Experimentations of Approach

Table 7

 7 

	.3 presents the learning style di-

TABLE 7 .

 7 3: Example of Learning Style DimensionsBy considering the pretest score (25 %), Table7.4 presents the probability distribution of the achieved learning intention of (Le 1).

			Intention Type		
	Start	Explore	Reflect	Elaborate Engage	Stop
	Probability 0.2	0.8	0	0	0	0

TABLE 7 .

 7 

4: Probability Distribution of Last Achieved Learning Intentions

Stimulate Present Reinforce Elicit Assess Extend Stop Probability

  

		0.39 0.07 0	0	0.54	0	0	0	0	0
		TABLE 7.5: Probability Distribution of Last Achieved Pedagogical Intentions	
	3.2. Different Iterations						
	3.2.1.	First iteration						
	Firstly,							

Table 7 .

 7 6 presents the predicted values of educational context variables.

		Value	Probability
	Pedagogical Orientation	Learner-Directed	0.52
	Learning Mode	Accretion	0.35
	Pedagogical Method	Experiential	0.26
	Electronic Media	Forum	0.24
	Teaching Style	Associative	0.37
	Next Learning Intention	Elaborate	0.29
	Next Pedagogical Intention Reinforce	0.27

TABLE 7 .

 7 8: Predicted Variables of Educational Context (t 3 )

TABLE 7 .

 7 

9: Predicted Variables of Educational Context (t 4 )

TABLE 7 .

 7 10: Sections of Learning Process

	Process Section

Table 7 .

 7 11 illustrates the different sections of the pedagogical process.

	Section Type	Process Section
	IAG18: <(Content, With State(Content)= Pre-	<(Excel Spreadsheets, With State(Excel Spread-
	sented), Reinforce (Content) according to Tuto-	sheets)=Presented), Reinforce (Formatting Tables)
	rial>	according to Tutorial >
	IAG36: <(Content, With State(Content)= Rein-	<(Formatting Table, With State (Formatting Ta-
	forced), Reinforce (Content) according to Semi-	ble)= Reinforced), Reinforce (Video of Conditional
	nar/Discussion>	Formatting) according to Seminar/Discussion>
	IAG36: <(Content, With State(Content)= Rein-	<( Video of Conditional Formatting, With
	forced), Reinforce (Content) according to Semi-	State(Video of Conditional Formatting)= Re-
	nar/Discussion>	inforced), Reinforce (Case Study of Conditional
		Formatting) according to Seminar/Discussion >
	IAG17: <(Content, With State(Content)= Rein-	<(Case Study of Conditional Formatting)= Rein-
	forced), Stop according to Completeness>	forced), Stop according to Completeness>

TABLE 7 .

 7 11: Sections of Pedagogical Process

  Table 1 classifies the different intention achievement guidelines by nature, structure and type. This classification presents a detailed view of LPM guidelines.

	ID	Nature	Type	Structure	Interface
	IAG 1 Cognitive	Tactic	Thread relation-ship of sections	<(Session, With State(Session)= Started), Explore (Domain) according to Creating Structure for Input and Output>

TABLE A

 A 

	ID	Nature	Type	Structure	Interface
	IAG 8 Cognitive	Tactic	Thread relation-ship of sections	<(Level, With State(Level)=Not elabo-rated), Elaborate (Level) according to An-alyzing and Reasoning>
	IAG 9 Cognitive	Tactic	Thread relation-ship of sections	<(Level, With State(Level)= Not elab-orated), Elaborate (Level) according to Practicing>
	IAG Cognitive	Tactic	Thread relation-ship of sections	<(Level, With State(Level)= Elaborated), Engage (Assessment), according to Re-ceiving and Sending Messages>
	IAG Cognitive	Tactic	Thread relation-ship of sections	<(Assessment, With State(Assessment)= Adopted), Elaborate(Level), according to Practicing>
	IAG Cognitive	Tactic	Thread relation-ship of sections	<(Assessment, With State(Assessment)= Adopted), Reflect(Topic) according to Creating Structure for Input and Output>
	IAG Cognitive	Tactic	Thread relation-ship of sections	<(Assessment, With State(Assessment)= Adopted), Explore(Domain) according to Creating Structure for Input and Output>
	IAG Cognitive	Tactic	Thread relation-ship of sections	<(Domain, With State(Domain)= Ex-plored), Engage (Assessment) according to Receiving and Sending Messages>
	IAG Cognitive	Simple	Simple section	<(Level, With State(Level)= Elaborated), Stop with Completeness>
	IAG Cognitive	Tactic	Thread relation-ship of sections	<(Session, With State(Session)= Started), Elaborate (Level) according to Receiving and Sending Messages>
					<(Domain, With State(Domain)= De-
	IAG Metacognitive	Simple	Simple section	fined), Explore(domain) according to
					Centering your Learning>
					<(Topic, With State(Topic)= Reflected),
	IAG Metacognitive	Simple	Simple section	Explore(domain) according to Centering
					your Learning>
	IAG Metacognitive	Tactic	Bundle relation-ship of sections	<(Topic, With State(Topic)= Identified), Reflect(Topic) according to Arranging and Planning your Learning>
	IAG Metacognitive	Tactic	Bundle relation-ship of sections	<(Level, With State(Level)= Not elabo-rated), Elaborate (Level) according to Ar-ranging and Planning your Learning>
					<(Assessment, With State(Assessment)=
	IAG Metacognitive	Simple	Simple section	Presented), Engage (Assessment) accord-
					ing to Evaluating your Learning>
					<(Topic, With State(Topic)= Identified),
	IAG Social/Affective Simple	Simple section	Reflect(Topic) according to Asking Ques-
					tions>
			.1: Intention Achievement Guidelines of LPM

TABLE A

 A 

	ID	Nature	Type	Structure	Interface
					<(Attention,	With State(Attention)=
	IAG 8 Cognitive	Simple	Simple section	Gained), Present (Content) according to
					Tutorial>
			.1: Intention Achievement Guidelines of LPM

TABLE B .

 B 

	ID	Nature	Type		Structure	Interface
						<(Performance,	With
	IAG Metacognitive	Simple	Simple section	State(Performance)=Assessed), Extend (Performance) according to Independent
						Learner Control>
						<(Content, With State(Content)= Rein-
	IAG Metacognitive	Simple	Simple section	forced), Extend (Performance) according
						to Independent Learner Control >
						<(Performance,	With
	IAG Metacognitive	Simple	Simple section	State(Performance)=Assessed),	Stop
						with Completeness>
						<(Performance,	With
	IAG Metacognitive	Simple	Simple section	State(Performance)=Extended),	Stop
						with Completeness>
	IAG Metacognitive	Tactic		Bundle relation-ship of sections	<(Content, With State(Content)= Pre-sented), Elicit (Performance) according to Practice/Drill>
						<(Performance,	With
	IAG Metacognitive	Simple	Simple section	State(Performance)= Predicted), Elicit (Performance) according to Prac-
						tice/Drill>
	IAG Metacognitive	Tactic		Bundle relation-ship of sections	< (Content, With State(Content)= Rein-forced), Elicit (Performance)according to Practice/Drill >
						<(Performance,	With
	IAG Metacognitive	Simple	Simple section	State(Performance)=Elicited),	Stop
						with Completeness>
	IAG Social/Affective Tactic		Bundle relation-ship of sections	<(Attention, Gained), Inform (Objective) according to With State(Attention)= Seminar/Discussion>
						<(Objective,	With State(Objective)=
	IAG Social/Affective Tactic		Bundle relation-ship of sections	Presented), late(Prerequisite)according to Semi-Stimu-
						nar/Discussion>
						<(Content, With State(Content)= Pre-
	IAG Social/Affective Tactic		Simple section	sented), Elicit (Performance) according to
						Cooperative Group Learning>
	IAG Social/Affective Tactic		Multi-path struc-ture of sections	<(Session, With State(Session)= Started), Gain (Attention) according to Educa-tional Game>
						<(Performance,	With
	IAG Social/Affective Tactic	1: Intention Achievement Guidelines of PPM Thread relation-State(Performance)=Assessed), ship of sections force (Content) according to Semi-Rein-
						nar/Discussion>

TABLE B .

 B 1: Intention Achievement Guidelines of PPM

This thesis proposes an intentional model for learning process guidance, which provides an individual learning path by using MAP formalism. This contribution has attempted a preliminary intentional modeling for supporting the learning process definition and the enactment by

FIGURE B.3: Structure of PPM.IAG29
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Process Model

The finality is specified by four major intentions described by [START_REF] Byebee | Science and technology education for the elementary years: Frameworks for curriculum and instruction[END_REF]: explore, reflect, engage and elaborate. These intentions are achieved by different learning strategies. The learning process is modeled by a formalism MAP [70] (see Fig. Finally, the procedure tests the stopping intention of the teacher/tutor or the learner. If this condition is not verified, the algorithm starts another iteration by testing the consistency of pedagogical intention. If the stopping condition is verified and the achieved learning intention is not stopped, the learner can adopt the predefined model to continue the learning progression. 

II. Main Elements of Procedure

This section depicts the main elements of guidance procedure.

Dynamic Bayesian Network of Educational Construction Context

Motivations of Using

The educational context of construction is specified by different variables. For each period of learning session, the values of these variables are uncertain. For example, if the learning mode is tuning and the orientation is learner-directed, the pedagogical method is independent or experiential. In addition, if the learning mode is structuring and the orientation teacher-learner negotiated, the pedagogical method is interactive or experiential. On the other hand, these uncertain values change over time. For instance, the probability of independent method increases and the probability of direct method decreases at the end of a session. After the evaluation, the probability of learning mode tuning decreases and the probability of structuring mode increases. For these reasons, the procedure adopts DBN to predict the relevant context variables by considering this uncertain aspect of the evolving educational context. The latter is used to determine the achieved pedagogical intention by using the major dimension of learning style. 

Rules of Progression

By considering the predefined selection guidelines of educational process models and the predicted values of context variables, the procedure selects the suitable strategy. This selection is based on the rules of progression. The two major rules of progression are:

• Rule of Pedagogical Intention/Pedagogical Strategy Selection: Three forms specify these rules.

The first one is defined by the pedagogical method. The second form is described by the pedagogical orientation or the pedagogical method. The third one uses the pedagogical method and the teaching style. These rules are expressed by the following expression: Pedagogical Orientation OR Pedagogical Method OR (Teaching Style AND Pedagogical Method).

Value Probability Pedagogical Orientation

Learner-Directed 0. By using the predefined strategy selection guidelines (PPM.SSG7 and LPM.SSG1) and the different progression rules, the procedure selects the pedagogical strategy Tutorial and the learning strategy Centering your Learning. After the test of consistency of the pedagogical intention Reinforce, the procedure tests the consistency of educational strategies. At the end, it validates the achievement educational intentions by executing the corresponding guidelines.

Second iteration

By considering the probability distribution of achieved educational intentions, By adopting the predefined guidelines and the different progression rules, the procedure selects the pedagogical strategy Seminar/Discussion and the learning strategy Creating Structure for I/O. After the verification of intention consistency, it validates the achievement of educational intentions by adopting the recommended guidelines.

Third iteration

By considering the probability distribution of achieved educational intentions, Table 7.8 presents the predicted values of educational context variables.

Spreadsheets.

Many positive comments were also received, such as "Overall, the presentation of courses with approach is good", "The intentions and the strategy are very useful and explain well the tools Microsoft Word and Microsoft Excel", "The understanding of information is very easy", "The GAGO approach is clear", and "It is suitable to add other course in approach like programming, reading/writing, key concepts and text analysis".

III. Evaluation

Before the global evaluation, this section presents the evaluation of appropriateness and the prediction of learning and pedagogical processes.

Evaluation of Appropriateness

Procedure

The evaluation of appropriateness is conducted by the definition of two tables for (learner and tutor). These tables illustrate the divergent needs and preferences in the columns. The rows included the process section (the intention to achieve and the strategy to apply). The cells contained the probability presenting a specific argument according to a specific section. Learners and tutors had the possibility to specify besides the appropriateness of the section, the rate of argument's suitability. Table 7.12 presents the different levels of appropriateness. 

Appropriateness

Examples

According to the illustrative example, Table 7.13 presents the evaluation of learning process. In fact, the global appropriateness of learning process is good. For the sections, the appropriateness of the second and third section is good and the first section is neither good nor bad. For the arguments, the appropriateness of the mode accretion is neither good nor bad and the structuring mode is good. Moreover, the appropriateness of the web pages is neither good nor bad and the forum is good. 7.14 specifies the evaluation of pedagogical process. The global appropriateness of pedagogical process is good . For the sections, the appropriateness of the first, the second and the third section is good. For the arguments, the appropriateness of the associative style is good and the transmissive style is neither good nor bad. In addition, the appropriateness of the learner-directed orientation is good. 

Arguments

Results Analysis

This section presents the analysis of educational processes appropriateness.

Learning processes

As shown in Fig. 7.3, the appropriateness of the most of learning processes is very good for the three courses (43%). In fact, 14 % of processes are very bad and 12% of processes are bad. 

Chapter 8. Conclusion

To tackle these problems, a generic, optimized, guided and adaptive construction approach of educational processes is defined. The proposed approach focuses on proposing an appropriate content and a suitable learning path by considering the individual learning requirement and the pedagogical preferences. To achieve this objective, GAGO approach adopts an iterative construction, which starts by identifying the individual style and the prior knowledge of the learner. After that, the approach predicts the values of the relevant variables of construction context and the initial educational intentions by specifying a DBN of context. This network is used to manage uncertainty in evolving educational context of process construction. The prediction guides the educational processes construction by interpreting the predefined intentional models [70] [9]. In fact, this construction is guided by an algorithm, which uses different rules of consistency and progression.

II. Research Contributions

This research addresses the adaptation of process by defining an approach for the adaptive and guided construction of educational processes according to relevant variables of evolving educational context. This thesis originated from the recognition of the need of a complete solution to the central question: How to guide the learning process construction according to relevant variables of educational context? The comprehensive literature review identifies the need to integrate the pedagogical process construction. Therefore, the central question becomes How to guide the educational processes construction according to relevant variables of educational context? In order to give an answer, the main research question could be divided into three sub-questions:

(1) How to define and model the learning process and the pedagogical process? (2) How to predict the values of relevant variables of construction context? and, (3) How to guide the construction according to various predefined process models by considering the predicted context variables? To answer these questions, this chapter describes the major contributions of the thesis.

Definition Framework of Educational Process Construction

Existing construction methods generate learning process based on attributes that describe learning content. However, these content-based works do not properly incorporate the construction approaches. As a result, a definition framework of educational process construction is specified to study the characteristics and limits of some existing construction approaches supported by the ITS. Our framework incorporates four different and complementary viewpoints to identify:

• The product of approach (Nature View)

• The object of approach (Description View)

• The parameters of approach (Design View)

• The conditions of approach (Scenario View) 

Intentional Model of Learning Process Guidance

II. Guideline Examples 1. Cognitive Guideline

The For example, the graph of precedence IAGG 1.1 is specified to start the session by exploring the domain. This guideline uses the taking notes strategy. In the following graph, the learner starts by finding the data object X. This object is used by reading its different atomic objects Xi. For example, if the data object is eBook of Domain. The learner reads the different parts of presentation in order to find the relevant concept c. After that, the learner uses this concept c by writing its definition. As shown in the precedence graph, there are many execution paths to execute the two steps according to the learner situation in hand. 

MetaCognitive Guideline

The guideline IAG 

Social and Affective Guideline

For instance, the guideline IAGG 

II. Guideline Examples 1. Cognitive Guideline

For instance, this section presents a description of a tactic guideline having the following Signature: IAG 11 < (Prerequisite, With State(Prerequisite)= Recalled), Present(Content) according to Lecture/Presentation>. IAG 11 is used to expose the pedagogical content by using the lecture and/or the presentation strategy. It is based on thread relationship of sections. The selection of lecture strategy depends on the orientation teacher directed or the method direct instruction. While, the presentation strategy is used by adopting the orientation teacher-learner negotiated or the pedagogical methods (indirect instruction or direct instruction). 

MetaCognitive Guideline

For example, the guideline IAG 19 <(Content, With State(Content)= Presented),Elicit (performance) according to Laboratory/Problem solving> is used to elicit the learning performance by using the problem solving strategy and/or thelaboratory strategy. It is based on thread relationship of sections. The selection of laboratory strategy depends on the orientation teacher directed or the method experiential learning. As for the problem solving strategy, it is supported by adopting the orientation teacher-learner negotiated or the pedagogical method indirect instruction. 

Social and Affective Guideline

After gaining the learner's attention, the guideline IAG 29 <(Attention, With State(Attention)= Gained), Inform (Objective) according to Seminar/Discussion> permits to inform about the objective by using the seminar and/or the discussion strategy. It is based on thread relationship of sections.The selection of seminar strategy depends on the orientation teacher directed or the method direct. For the discussion strategy, it is supported by adopting the orientation teacherlearner negotiated or the pedagogical method interactive instruction.

APPENDIX C Learning Style Questionnaires

There are no right or wrong answers. If you agree more than you disagree with a statement, put a tick by it. If you disagree more than you agree, put a cross by it. • A. To be able to format text before the break and after the break differently • Estimations: the pedagogical expert or the domain expert select this option to introduce predefined estimation by considering pedagogic constraints. The pedagogic expert can also update the different estimations. 

II. Questionnaire of Reflector Dimension

II. Tutor View

After being authenticated, the tutor can select the following menu options:

• Initiating: this option allows to determine the different dimensions of individual learning style by using the four questionnaires. Moreover, the tutor uses this option to determine the type of the last achieved learning intention and the type of last achieved pedagogical intention according to the score of pre-test and the major dimension of learning style.

• Recommending: the tutor selects this option to determine the appropriate pedagogical intention and the suitable pedagogical strategy by considering the current context.

• Monitoring: the tutor selects this option to supervise the selection of the best learning intention and the required learning intention by the learner.

• Tracing: the tutor selects this option to observe a trace of last achieved pedagogical intention. He/she can also, review the traces of achieved pedagogical intentions. 

III. Learner View

As shown in the following figure, the learner has the authority of :

• Pre-Testing: this option allows to pass the pretest. The latter is used to assess a prior knowledge. In addition, the learner can respond to four questionnaires. These questionnaires are presented to determine the dimension of learning style.

• Guiding: the learner selects this option to determine the appropriate learning intention and the suitable learning strategy by considering the current context.

• Discovering: the learner selects this option to discover the selection of the appropriate pedagogical intention and the suitable pedagogical intention by the tutor.

• Tracing: the learner selects this option to identify a trace of last achieved learning intention. He/she can also, observe traces of achieved learning intentions.