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Educational Cyber

Abstract

The Internet of Everything (IoE) is gaining a growing interest in scientific and industrial communities to have expanded the Internet of Things (IoT) paradigm. In fact, several domains have been through a digital transformation evolution, for instance Industry 4.0, however, a lot still needs to be done regarding the educational domain especially at university.

Instructional design is a major concern among the TEL (Technology Enhanced Learning) community. The covid-19 health crisis has dug deeper into several of its challenges. The objective of Industry 4.0 is to foster the integration of complex physical machinery and devices based on Cyber Physical Systems (CPS) and IoT. A set of sensors, actuators and software components are used to monitor, analyze, and control smart factories through control loops (MAPE). In this thesis, we investigate how these concepts could contribute in shaping and engineering the next revolution at university (University 4.0). To do so, we have conducted an exploratory approach in order to, first give a definition of what we call Educational Cyber Physical Systems (ECPS) to build it upon ideas from the literature. This concept is barely addressed in the TELE domain. We apply this concept and its utilization in different educational levels (Classroom, Course, Curriculum). Then, we propose a model-driven method (ModelECPS) to design these systems founded on a modeling process and three Domain Specific Languages (DSL). The modeling process is issued from the Object Management Group (OMG) standards that define the Y process based on three modeling pillars of the MDE method. The platform Independent Model (PIM) represents the educational meta-model, called EML4.0. The Platform Definition Model (PDM) is the connected environment meta-model, called CPSML, that extends the modeling "things" into modeling "everything". Finally, the ECPSML defines the meta-model that describes the educational connected environment and thus the Platform Specific Model (PSM). Its design is based on concept alignment between both PDM and PIM models and is semi-automatically generated through applying ATL rules (Model-to-Model transformation). A utilization modeling process for the method is given in order to guide the different stakeholders in designing such systems (ECPS). To illustrate our proposal, we conducted a case study on a real-life ECPS classroom during the covid-19 health crisis. We describe the required models designed in this process and supervise students' progress during the practical sessions.

Résumé

L'Internet of Everything (IoE), extension du paradigme Internet of Things (IoT), est de plus en plus étudié et utilisé par la communauté scientifique et industrielle. Plusieurs domaines ont connu une évolution notable en matière de transformation numérique grâce à l'intégration de ce dernier, comme par exemple l'Industrie 4.0, mais il reste encore beaucoup à faire dans le domaine de l'éducation, notamment à l'université. La conception pédagogique est une préoccupation majeure de la communauté EIAH (Environnements Informatiques pour l'Apprentissage Humain). La crise sanitaire de la covid-19 a fait ressortir plusieurs défis à cet égard. L'objectif de l'Industrie 4.0 est de permettre l'intégration de machines et de dispositifs physiques complexes (Systèmes Cyber-Physiques (CPS) basés sur le paradigme IoT).

Un ensemble de capteurs, actionneurs et composants logiciels sont alors utilisés pour mon- 

GENERAL INTRODUCTION Context and Problem Statement

The world is changing, and it is changing fast. Technological progress has overwhelmed many sectors of our everyday-lives. We are witnessing an explosion of digital learning systems.

Among other research domains, TELE (Technology Enhanced Learning Environments) have attracted increasing interest and attention of researchers, through its multidisciplinary aspect, and becomes an important research topic that tends to specify various sub-domains. In fact, this domain fosters traditional practice of instruction by providing a well defined knowledge and support to the learners. It also addresses the openness of education and life-long learning through various systems sometimes without the inter-mediation of a teacher.

We are particularly interested in addressing educational challenges at university where both drop out and failure rates are importantly registered [START_REF] Araque | Factors influencing university drop out rates[END_REF]. This is due to various reasons.

For instance, massive classrooms sometimes lead to an absence of personalization and adaptation of the educational processes. Moreover, many research efforts have been conducted to develop TELS (Technology Enhanced Learning Systems) that are specialized in addressing a particular pedagogy or in developing particular competencies. However, these efforts are carried out in an ad-hoc manner with no regards to a reference architecture that could gather their heterogeneities and objectives in order to build a unified, well-founded and adaptable educational environment.

In the literature, teaching and learning are defined as knowledge work. With the emergence of smart things and services, the educational processes shape knowledge transfers between connected humans using services, physical objects that together generate a massive amount of data. In general, research on connected environments often focuses on specific domains which may result in a development gap between different domains. For instance, interest in Industry 4.0 exists because of the mass consumption society we live in. For that reason, the industrial field has expeditiously moved through several revolutions to attend Industry 4.0 [START_REF] Hermann | Design principles for industrie 4.0 scenarios[END_REF].

From a historical perspective, three industrial generations preceded this revolution (Industry 4.0). From the introduction of mechanical production facilities (Industry 1.0), to the electrification and the division of labor (Industry 2.0), to the automation of production processes (Industry 3.0), throughout the centuries, the idea of smart manufacturing appears to deliver fundamental improvements to the industrial processes involved in manufacturing, engineering, material usage, supply chain and life cycle management ( [START_REF] Drath | Industrie 4.0: Hit or hype?[industry forum[END_REF], [START_REF] Hermann | Design principles for industrie 4.0 scenarios[END_REF]).

Accordingly and from a historical perspective as well (described in [START_REF] Giesenbauer | University 4.0: Promoting the transformation of higher education institutions toward sustainable development[END_REF] and [START_REF] Gueye | University 4.0: The industry 4.0 paradigm applied to education[END_REF]), education and thus the university has been through different revolutionary phases. It is estimated that University 1.0 refers to the fact that the educational system was limited to privileged people, associated often with religious movements in former eras. In a second stage, the university had become publicly institutional and available to everyone. Then, with the technological progress, the university has reached a third stage, taking an important place in the digitization of educational systems due to the emergence of TELS (e.g. Moodle, MOOCs, ITS, etc.) after the expansion of the electronic learning, since the beginning of the twenty-first century.

Moreover, the evolution of information technology has revolutionised the way people and objects behave in everyday lives due to the emergence of Internet of Things, especially in the last decade, qualified as the fourth wave in [15]. This was preceded by three other phases. The first was categorized by the arrival of computers in the late 1960s where one computer was allocated to several people. Then, a second wave raised after a decade which refers to single-person use of a computer. After the appearance of embedded and ubiquitous computing, a third wave occurred to designate many computers to one person.

In this thesis, we drive an exploratory approach in order to define the next generation of university by studying what would be behind the "University 4.0", build upon ideas from elements of our background in order to propose our vision and the related concepts. Our purpose is not to propose an educational system in itself. The aim is rather to define an environment where different TELS could be used to achieve learning objectives. The use of connected resources in learning and teaching generates a highly amount of data. Thus, control over these data would allow a better monitoring of the educational processes. Regarding this, we present in the following the theoretical background (Industry 4.0, Autonomic Computing, and TELE) that has lead us into this exploratory approach. For each concept, we retain some key elements or principles regarding our proposals.

Industry 4.0 Industry 4.0 was first raised among the German industrial community in 2011. It is a complex initiative that embraces several overlapping areas [START_REF] Henning Kagermann | Final report of the industrie 4.0 working group[END_REF]. It was defined by Hermann et al. [START_REF] Hermann | Design principles for industrie 4.0 scenarios[END_REF] as the integration of complex physical machinery and devices with networked sensors and software, used to predict, control and plan for better business and societal outcomes. In such manufacturing environment, smart machines, installations, work pieces and other components exchange data and information in real time which represents a shift from rigid, centralised factory control systems to decentralised intelligence. This revolution is founded on a set of technologies which together promote the fourth revolution, which is currently happening in our world. Internet of Things (IoT), Cyber Physical Systems (CPS), Cloud Computing, etc.

are the basis of Industry 4.0. New business models and new models for cooperation constitute the real added value of Industry 4.0 [START_REF] Peter De Lange | Socio-technical challenges in the digital gap between building information modeling and industry 4.0[END_REF].

Hermann et al. [START_REF] Hermann | Design principles for industrie 4.0 scenarios[END_REF] identified four design principles of Industry 4.0: (1) An interconnection aspect, Internet of Everything, to support collaboration between and within different stakeholders (human-human, human-machine, and machine-machine [START_REF] Schuh | 10.6 sustainable increase of overhead productivity due to cyber-physical-systems[END_REF]). ( 2) Information transparency will be insured because a virtual copy of the physical world is regularly generated. (3) Decentralised decisions are enabled by CPS which allow the monitoring and control of the physical world autonomously through their embedded computers, sensors and actuators [START_REF] Edward | Cyber physical systems: Design challenges[END_REF]. (4) Humans are supported with a technical assistance in order to intervene when needed.

CPS are among the key elements in the field of Industry 4.0. According to [START_REF] Hermann | Design principles for industrie 4.0 scenarios[END_REF], these are systems that create a fusion between virtual and physical worlds. They monitor and control the physical processes. A 5C architecture was proposed in [START_REF] Lee | A cyber-physical systems architecture for industry 4.0-based manufacturing systems[END_REF] where authors specify two main functional components of CPS. The first one consists of the advanced connectivity that ensures real-time data acquisition from the physical world and information feedback from the cyber space. The second functionality resides in intelligent data management, analytics and computational capability that together construct the cyber space. Various features were identified in [START_REF]Framework for cyber-physical systems, release 1.0[END_REF] in order to make the difference between CPS and conventional systems which basically underline the time-sensitive combination of the cyber and the physical, and their connected-ness in CPS.

From Industry 4.0, we retain that among the key elements behind the "4.0", there are technological evolution related particularly to the IoT (Internet of Things) and CPS (Cyber Physical Systems) in a physical infrastructure level. These two technologies are gaining increasing attention and have overwhelmed several domains besides. Many related definitions and architecting attempts are presented in this thesis in order to study their contributions at an educational level.

Autonomic Computing

Figure 1: Autonomic Computing Control Loop Process from [START_REF]An architectural blueprint for autonomic computing[END_REF] Inspired by the autonomic nervous system, IBM researchers [START_REF]An architectural blueprint for autonomic computing[END_REF] are often acknowledged with initiating the Autonomic Computing (AC) blueprint. As defined in [START_REF] Mohammad | A survey of autonomic computing systems[END_REF], AC is considered as a holistic vision of self-managing capabilities in a system. These capabilities cover different aspects of self-management implemented by MAPE control loops (Monitor, Analyse, Plan and Execute), as shown in Figure 1, which collect details from the system and act accordingly, as stated in [START_REF]An architectural blueprint for autonomic computing[END_REF]. Self-configuring AC capacity allows the dynamic adaptation to changes in the environment. The self-healing capacity ensures the performance of a system by detecting the system malfunction. The automated reallocation of resources is handled with a self-optimising capability. Security issues are supported by a self-protecting capability. These capabilities are implemented through different autonomic managers.

In the reference architecture of the IBM blueprint [START_REF]An architectural blueprint for autonomic computing[END_REF], it is stated that different layers manage data through the knowledge source. Standardisation efforts are still challenging regarding data management. Control loops could be incorporated within a particular managed resource in order to allow the execution of self-managing capacities (self-configuring, self-healing, self-optimising, self-protecting). The integration of autonomic capacities within Cyber Physical Systems emerged through an intelligent aspect with feedback loops where physical processes affect computations and vice versa.

From the AC perspective, we retain the MAPE process that could be incorporated during an educational process (e.g. real classroom session) or even within a particular learning system in order to investigate the teaching and learning processes and act accordingly to students' behaviors. The smart capacity to adapt learning and teaching processes relies on a highly generated data from the connected educational environment in a given learning and teaching context.

Technology Enhanced Learning Environments

As stated above, TELE could be seen as the key element of University 3. effective technologies for learning [START_REF] Duval | Research themes in technology enhanced learning[END_REF]. To address the manner of conducting such a study, we identified three complementary manners that could be used to categorize it.

The first manner concerns learning theories. In fact, a learning theory is meant to explain and help us understand how people learn [START_REF] Anthony | Theories and frameworks for online education: Seeking an integrated model[END_REF]. As stated by Picciano [START_REF] Anthony | Theories and frameworks for online education: Seeking an integrated model[END_REF], it also involves multiple disciplines, such as psychology, sociology, neuroscience, and education.

The following learning theories are among the most used ( [START_REF] Resnick L Greeno | Cognition and Learning[END_REF], [START_REF] Mayes | Review of e-learning theories, frameworks and models[END_REF]): [START_REF]Ecore[END_REF] The associationist/empiricist/behaviorist theories which commonly defines learning as an activity where knowledge is defined as a collection or sequence of skill-components and their associations.

(2) The constructivist theory defines learning as achieving understanding. Learners develop their understanding by building upon their existing knowledge and previous experiences [START_REF] Inhelder | The Psychology of the Child[END_REF].

The context of learning also affects students' construction of knowledge. Being actively involved in the learning process, the learner becomes responsible of his/her learning. It is unlike previous learning theories (e.g. Behaviorism) where the responsibility rests with the instructor to teach with the learner playing a receptive role. The social constructivist theory defines learning as a social practice.

The second manner to organize TEL concerns the categorization of TEL environments as computational tools. A wide range of computer software has been developed and has emerged since 1960, with Computer Assisted Instruction systems. Among the best known and widely used categories of environments in TEL research, there are Microworlds, Intelligent

Tutoring Systems (ITS), Online learning (Moodle, MOOCs, etc), and Computer Supported Collaborative Learning (CSCL). The design and implementation of a TEL environment is usually influenced by one or more of the above listed learning theories.

A third categorisation manner relies on five different perspectives (computational, cognitive, pedagogical, social and epistemological), identified in [START_REF] Maria | Which perspectives can drive the analysis of technology-enhanced learning environments? In Educational Technology Use and Design for Improved Learning Opportunities[END_REF], that may be considered in TELE. The computational perspective establishes a link between TEL and Computer Science to answer questions such as: how can the presence of technology change the content itself to be learnt ? According to the cognitive perspective, questions should be investigated on which cognitive abilities new technologies may be required, fostered or hindered ? From a pedagogical perspective, one has to consider the design and co-evolution of new learning activities. The social and cultural perspective stresses the environmental context that influences learning. The epistemological perspective focuses on how the characteristics of a knowledge domain impact the design and use of learning technologies.

According to this categorization manners of how TEL could be seen, our proposal is not to focus on a specific manner of categorization, or a particular learning system. We rather aim to federate all these contributions (systems, theories and perspectives) on a single environment and couple this with other connected resources, despite the challenge of data heterogeneity and pedagogical variety.

Objectives and Research Questions

After exploring and reflecting on our background elements, we propose an investigation of University 4.0 based on the retained key concepts and principles. We propose Educational Cyber Physical Systems (ECPS) as a core concept for it. ECPS are defined to be based on IoT/CPS concepts (from Industry 4.0). They implement MAPE control loops (from AC perspective) and analytics to assist administrators in taking the required actions. Furthermore, they could rely on various learning systems (from TELE) and aim to achieve educational purposes in a more flexible way.

To do so, this thesis work addresses the following main research questions :

• RQ1 : How to define ECPS as an innovative concept, with a particular focus on the different educational processes at University ?

• RQ2 : What is the required method to design ECPS by considering the evolution of both connected and educational aspects ?

Contributions

Based on an exploratory approach, this thesis gives, firstly, a vision of University 4.0 based on elements from the background. We introduce what we call Educational Cyber Physical Systems (ECPS) as the core concept for such smart environment. We define them as educational complex systems constituted of physical and cyber components that aim at implementing control loops to manage the educational processes according to educational stakeholders' requirements. As we focus on connected environment, we rely on IoE as an extended paradigm from IoT that defines ECPS components (Things, Services, Objects, Humans). Moreover, we propose an ECPS generic layered architecture that considers the latters as the system infrastructure layer. The different layers aim at implementing control loops by managing data at a cyber level and finishing by taking actions in the physical level. This layered architecture could then be executed in three kinds of educational processes at university : classroom ECPS for short-term processes, course ECPS for mid-term processes, and curriculum ECPS for long-term processes.

Secondly, this thesis proposes a Model-Driven Engineering method called ModelECPS for designing these systems. ModelECPS is founded on a modeling process and three Domain Specific Languages (DSL). The modeling process is issued from the Object Management Group (OMG) standards that define the Y process based on three modeling pillars of the MDE method. The platform Independent Model (PIM) represents the educational metamodel, called EML4.0. The Platform Definition Model (PDM) is the connected environment meta-model, called CPSML, that extends modeling "things" into modeling "everything".

Finally, the ECPSML defines the meta-model that describes the educational connected environment and thus the Platform Specific Model (PSM). Its design is based on a concept alignment process between both PDM and PIM models and is semi-automatically generated through applying ATL rules (Model-to-Model transformation). A utilization modeling process is given in order to guide the different stakeholders in designing such systems (ECPS)

regarding both connected and educational aspects.

Thesis Structure

This thesis manuscript is composed of three main parts. The first part investigates the related works. The second part presents the contributions regarding the definition and modeling of ECPS. The third part describes a case study in order to give a concrete idea of both the modeling and run-time implementation phases of ECPS.

In the first part, the first chapter presents our related works studies of the existing approaches that address the modeling of IoT and CPS architecture, both followed by comparative studies. This allowed us to draw the borders between the different domains, to get the essence of the subjects and demystify the related concepts.

In the second chapter, we study Educational Modeling Languages (EML) and the related design perspectives. Modeling learning is viewed either as structural knowledge modeling, or through instructional process modeling. Comparative criteria are presented regarding the characteristics that we have identified for University 4.0. This first part is concluded by gathering elements from both chapters to present the main components of Educational Cyber Physical Systems on which we rely to elaborate our contributions.

In the second part, we present our contributions through, first, a generic architecture of ECPS and their definition (third chapter), and then a model-driven method, called Mod-elECPS, to design these systems, in chapter four. To do so, we detail the required process, the different modeling languages and the model-transformation rules that are used to generate the output model of ECPS based on two input models (one for the connected aspect and another for the domain model aspect, educational in our case).

The third part Validates our proposal in a real online environment by conducting pilot studies. We tested our design method in order to explore ModelECPS modeling process through the proposed modeling tools and illustrate different layers of the proposed generic architecture based on a case study experimentation during the covid-19 health crisis. We conclude this chapter by a discussion of our case study limitations. Finally, a general conclusion and a list of short-term/long-term perspectives are given. The list of our publications will be also provided.

Part I RELATED WORKS Part I Introduction

When it comes to addressing research questions in multidisciplinary complex systems, borders should be carefully drawn between the different domains to get the essence of the subjects and to demystify the related concepts. This thesis addresses connected environments on the one hand, and educational environments on the other, as we intend to benefit from the contributions of connected-ness in an educational context. Currently, billions of devices are connected everywhere and this is overwhelming various domains. Internet of Things and Cyber Physical Systems have drawn increasing attention since connectivity has become associated with various domains in our everyday lives. However, research efforts addressing IoT/CPS (and their architecting) in educational environments are still in their infancy. For this purpose, this thesis is conducted through an exploratory approach with the aim to give a vision of the university of the future in an entirely connected context. It is worth exploring the multidisciplinary aspect of the domain in order to depict the main elements of the related works regarding our proposal. Hence, we examine this with a particular interest in defining and modeling connected and educational environments.

The contributions of this first part are organized as follows: In chapter I, we review existing approaches in modeling Internet of Things and then Cyber Physical Systems. In chapter 2, a list of modeling educational languages is given. Each field is discussed through a comparative study and/or a discussion section in order to highlight the elements of the literature on which we rely on. We also present related works that cover existing approaches of IoT in education.

Chapter 1

Connected Environment Modeling

In the interest of clear-sightedness, this chapter represents our conducted review regarding the singularity aspect of the connected environment technologies. The main objective of this first part is to present the different concepts related to connected environments. We start by reporting the different definitions and existing approaches that jointly or partially address Internet of Things (IoT) and Cyber Physical Systems (CPS), their definitions and the related architecture modeling.

It is important to mention that the publications presented and analyzed in this related work chapter were extracted from several bibliographic databases, mainly: Scopus, IEEE Xplore3, ACM digital library4, and Springer. This extraction was done in a structured way by using appropriate keywords related to our topics of interest -in addition to several, inclusion and exclusion criteria to select relevant studies, however this study is not a complete Systematic Literature Review.

In the literature, one may find several definitions of IoT and CPS to such a degree that they could be considered as a look-alike concepts, however this is not the case. Nonetheless, they are technically highly linked. More notably, it was stated in [START_REF] Guth | Comparison of iot platform architectures: A field study based on a reference architecture[END_REF] that CPS can be used as a synonym of IoT since both terms have recently been mentioned coincidentally. In this chapter, we look into both definitions and give a review of their proposed models in Software Architecture (SA).

1.1 Internet of Things (IoT) Back to 1999, the term "Internet of Things", was first used by Kevin Ashton to describe a system where the Internet is connected to the physical world via ubiquitous sensors. Since then, the research community has started exploring this concern. Various definitions of IoT can be found in [START_REF] Muccini | Iot architectural styles[END_REF]. For each definition, a specific point of view or perspective is considered.

In fact, some research works (e.g. [START_REF] Khan | Future internet: the internet of things architecture, possible applications and key challenges[END_REF], [START_REF] Tyagi | A reference architecture for iot[END_REF]) highlight the machine-to-machine interactions when qualifying this paradigm. Others focus on the real-time collaboration and interaction [START_REF] Madiha | A pattern for fog computing[END_REF].

More generic definitions are also given in [START_REF] Roman | On the features and challenges of security and privacy in distributed internet of things[END_REF] where the authors consider IoT as a worldwide network of interconnected entities. In [START_REF] Navani | The internet of things (iot): A study of architectural elements[END_REF], it is seen as the ability to connect, communicate with, and remotely manage an incalculable number of networked and automated devices. It is transforming our physical world into a giant information system [START_REF] Fortino | Modeling opportunistic iot services in open iot ecosystems[END_REF].

From another view point, IoT is considered as the internal/external communication of intelligent components via the Internet in order to improve the environment through proving smarter services [START_REF] Muccini | Iot architectural styles[END_REF]. Also, a definition given in [START_REF] Luiz | Multi-criteria iot resource discovery: a comparative analysis[END_REF] characterizes IoT as an ecosystem that interconnects physical objects with telecommunication networks, joining the real world with the cyber space and enabling the development of new kinds of services and applications. We notice that the latter represents IoT as Cyber Physical Systems, as it will be presented in section 1.2.

Many buzzwords, after the IoT revolution, have arisen, for example, Internet of Every-thing, Internet of Nano-Things, Web of Things, etc. In the following, we only study existing approaches for modeling IoT, as modeling interests are not developed, especially regarding

Internet of Everything where we not only deal with things, but also with humans, services and data [START_REF]Cisco : Internet of everything[END_REF]. We will come back to this concept later (at the end of this section) to which we take a particular interest.

Existing Approaches for Modeling Internet of Things

In the literature, one may find several proposals regarding IoT application development. For instance, OpenHAB [START_REF]Openhab : Open source project website[END_REF], a general-purpose framework based on OSCi modules, allows building smart home solutions as the most common application area of IoT. DSL-4-IoT [START_REF] Salihbegovic | Design of a domain specific language and ide for internet of things applications[END_REF], editor and designer, is based on a high visual programming language and particularly focuses on the networking heterogeneity issue of the IoT.

IoT application development is considered as a complex task as it requires a wide range of expertise [START_REF] Pramudianto | Iot link: An internet of things prototyping toolkit[END_REF]. Hence, its modeling seems crucial in order to reduce this complexity. In recent years, diverse studies in the field of IoT system architecture modeling were published.

Each study has addressed a specific view of the IoT system, in a similar way to the IoT definition.

DiaSuite [START_REF] Bertran | Diasuite: A tool suite to develop sense/compute/control applications[END_REF] provides a design language that is oriented to handle the Sense/Compute/Control (SCC) applications. PervML [START_REF] Sánchez López | Adding sense to the internet of things[END_REF] is a Domain Specific Language that provides a set of constructs to describe system pervasiveness in a technological independent way. It also addresses the design of embedded technologies. Another attempt for a model driven software development workflow was developed in [START_REF] Riedel | A model driven internet of things[END_REF] where the authors suggest a code generation module based on a platform independent model which specifies how messages can be consumed by the application (message model) in order to overcome the technological gap between networked embedded objects and enterprise back-end systems.

The LAURA architecture [START_REF] Teixeira | Laura architecture: Towards a simpler way of building situation-aware and business-aware iot applications[END_REF], a service-oriented architecture, facilitates the development of IoT systems in order for BPM experts, domain experts, and other high-level users, to interact with the system. It provides automatic code generation from BPMN specifica-tions. The aim is to free the developer of business models from the task of knowing details of lower level programming aspects.

In the following, we provide the main related works in the scope of IoT that are particularly aligned with our work. We then dress a comparative study between these to highlight our findings.

IoT Architecture Reference Model As its name implies, the IoT ARM (IoT Architecture Reference Model) is a reference model for IoT systems [START_REF] Bauer | Iot reference model[END_REF]. It provides a domain model highlighting the main concepts and definitions for IoT architecture. IoT ARM could be considered as a mature and welldefined reference model that provides a common structure and guidelines to deal with the core aspects of developing, using and analysing IoT systems. However, the emphasis is laid on structuring services and modeling things (devices). Human and data modeling are gaining less interest here.

As shown in Figure 1.1, IoT ARM represents a connected system by a set of augmented entities. Each augmented entity is composed of a physical entity (device) and a virtual entity (service). Despite the fact that IoT ARM provides a domain-specific model for IoT as well as its acknowledgement by the scientific community, it does include very generic concepts and relationships which could be challenging to use for non-professionals. Many research works have adopted IoT ARM, such as, IoTLink [START_REF] Pramudianto | Iot link: An internet of things prototyping toolkit[END_REF], an IoT prototyping Toolkit based on this proposal to enable inexperienced developers to implement IoT prototypes rapidly.

Opportunistic IoT Service

The work in [START_REF] Fortino | Modeling opportunistic iot services in open iot ecosystems[END_REF] focuses on designing IoT service models which, according to the authors, are the actual IoT drivers. The considered opportunistic properties concern the following aspects of an IoT system : dynamicity, context-awareness, co-location, and transience. In this work, the focus is set on the Service which is designed as a composition of a service model and a service profile, in the IoT system. The service model specifies the details of attributes and relationships describing the IoT service itself (e.g. name, description, category and parameter of the service itself).

The service profile handles the properties of the process that implements the service (e.g. id, input, output, and precondition of the process). In this work, a service is considered as a set of processes. Each process is an operation that contributes concretely to the implementation of the service. The authors define Petri nets and their components as an operational modeling tool to provide formal verification and simulation. According to the authors, such modeling allows to control the correctness of IoT services among dynamic context changes and their compliance to a given set of specifications. 

SysML4IoT

As stated above, some research works have adopted the ARM reference model in order to design and analyze IoT applications. For instance, a SysML profile, called SysML4IoT, was

proposed in [START_REF] Costa | Design and analysis of iot applications: a model-driven approach[END_REF] to be used by IoT application engineers in order to model an IoT system.

The framework also consists of ysML2NuSMV (a model-to-text translator) that converts the model and automatically checks its properties such as availability or performance.

Regarding modeling, SysML4IoT is based on IoT-ARM where the components of the system (hardware and software) and the system itself are considered as stereotypes and thus as specification of the "block" concept of SysML. The authors propose concepts like "system-of-interest" and "enabling system" in order to characterize the implementation of the connected system. This work is extended in [START_REF] Hussein | Model-driven development of adaptive iot systems[END_REF] to propose a model driven development for adaptive IoT systems.

Discussion

In our work, we consider that IoT is mostly related to "machine-to-machine" interactions.

Over the past few years, it gets an expanded dimension of its things. Currently, we deal with Everything. There are not only machine-to-machine interactions but also human-tomachine and human-to-human ones. Regarding IoT modeling in SA, a review of IoT architectural styles in [START_REF] Muccini | Iot architectural styles[END_REF] notes that the layered style dominates in the different research works. Cloud-based and service-oriented styles also have an important impact. We believe that data-oriented architecture is not sufficiently developed in the literature. Object-oriented architecture (in the sense of smart-object) could also be considered as a style in IoT architecting. We give a view of the related works that we consider useful with regards to our research questions, in Table 1.1, and dress them according to their perspective oriented modeling.

As it is shown, none of the studied works consider object, human, data and service design simultaneously. Most of the research works are either focusing on service or object design.

In our work, we are interested in a "four-oriented" architecture for connected environments, which we detail later.

IoT ARM [START_REF] Bauer | Iot reference model[END_REF] SysML4IoT [START_REF] Costa | Design and analysis of iot applications: a model-driven approach[END_REF] Nevertheless, our proposal is build upon ideas from the IoT ARM regarding particularly object (device) design. Actually, we consider that actuators, tags and sensors are components of the device which is contrary to the inheritance relation-ship that is used in the studied model. We further discuss this point in the scope of our contribution (Part II). Moreover, interactions are designed as a relation between a Human and a physical entity. This relationship is very generic and does not highlight the different stakeholders of the connected environment.

Despite the fact that IoT ARM provides a domain-specific model for IoT as well as its acknowledgement by the scientific community, it does include very generic concepts and relationships which could be challenging when used by non-professionals. Since it is aligned with our goals, our purpose is to build upon ideas from this reference model and provide a proposal that could be interpreted by non professional users (e.g. educational stakeholders)

to ensure its usability.

Various research works are in the pursuit of standardising IoT reference Architecture (e.g. [START_REF] Bauer | Iot reference model[END_REF], [START_REF] Guth | Comparison of iot platform architectures: A field study based on a reference architecture[END_REF], etc). Towards an open architecture, authors in [START_REF] Vogel | An open architecture approach: Towards common design principles for an iot architecture[END_REF] pointed out some design principles (flexibility, customizability, and extensibility) that should be taken into account to control and guarantee the evolution of the system over time. The authors in [START_REF] Aksu | A survey of iot architectural reference models[END_REF] reviewed proposed architectural structures which show similarities between the proposals, but one of the raised issues was how to manage the high amount of generated data. Thus, modeling data is not very specified in the studied research works.

In this first section of the related works part, regarding connected environments, we examined research works that mainly focus on IoT and considered some issues regarding its architecting. In addition to the IoT, CPS represents another key element of connected environments. In the following, we explore CPS definitions and architecture modeling approaches and provide some insights. Then, based on these two key elements (IoT and CPS), we define our proposed CPS modeling language in Part II building it upon our findings from the discussed related works.

Cyber Physical Systems (CPS) 1.2.1 Definition

Cyber Physical Systems (CPS) are defined as transformative technologies for managing interconnected systems between its physical assets and computational capabilities [START_REF] Baheti | The impact of control technology: Cyber-physical systems[END_REF]. As Moreover, CPS are among the key elements in the field of Industry 4.0. According to [START_REF] Hermann | Design principles for industrie 4.0 scenarios[END_REF], they are systems which make a fusion between a virtual and physical world possible.

They monitor and control the physical processes. A 5C architecture is proposed in [START_REF] Lee | A cyber-physical systems architecture for industry 4.0-based manufacturing systems[END_REF] where the authors specify two main functional components of CPS. The first one consists in the advanced connectivity that ensures real-time data acquisition from the physical world and information feedback from the cyber space. The second functionality is intelligent data management, analytics and computational capability that constructs the cyber space.

Various features are identified in [START_REF]Framework for cyber-physical systems, release 1.0[END_REF] that differentiate CPS, comparing them to a conventional system, such as the time-sensitive combination of the cyber and the physical, as well as their connected-ness. A consistency between Cyber Physical Systems and autonomic managers emerges through an intelligent aspect with feedback loops where physical processes affect computations and vice versa. They represent a suitable example of a SoS (System of Systems [START_REF] Mark | Architecting principles for system of systems[END_REF]).

Developing CPS software is also a major concern in the research community. As described in [START_REF] Oliver Ringert | From software architecture structure and behavior modeling to implementations of cyber-physical systems[END_REF], it is a sophisticated activity as systems are logically and physically distributed. Platform diversity, real time properties and communication issues are challenging this concern.

Therefore, modeling CPS represents a part of the solution facing both diversity and heterogeneity challenges.

Existing Approaches for Modeling Cyber Physical Systems

Many research works have been interested in connected environments, especially IoT. In spite of this, up to this date and to the best of our knowledge, CPS are barely addressed at the architectural phase of the software development life cycle. So far, architecting CPS is still in its infancy. There are presently no standardized or reference models for such systems.

But, CPS and SA are currently gaining important attention of researchers. Looking through the last 5-year-proceedings of the most recognised conferences on Software Architecture and modeling (ECSA, ICSA and Models) has allowed us to select some interesting works gathering both SA and CPS modeling.

CAPS

Driven by a preliminary study on architecting CPS, Muccini et al., have proposed an architecture framework for modeling and simulation of situational-aware CPS [START_REF] Muccini | Caps: Architecture description of situational aware cyber physical systems[END_REF]. The authors propose an architecture framework CAPS for modeling and simulation of situational-aware CPS. This work is based on the IEEE 802.15.4 standard to deal with various issues and different architectural views of CPS. In a classic way, Software Architecture, as an architectural view, mainly deals with structural and behavioral aspects. In addition to the software view, the proposed framework handles multi-architectural view points: the hardware view and the physical space. These three proposed modeling views are linked via two auxiliary views in order to create a combined software, hardware, and space view, through mapping and deployment modeling languages.

The hardware and physical spaces are modeled as a low-level specification of the concepts we may find in the IoT environment models. The structural aspect in CAPS software architecture could also be considered in this way. The Behavioral aspect is globally defined as a set of actions and events which are highly related to the domain model application. In this work, the emphasis is put on device modeling with a specified vision of the latter in a lower granularity. In addition, CAPS does not specify any generalized action type that may occur in a connected environment.

Digital Twins and CPS

In [START_REF] Jörg | Model-driven digital twin construction: synthesizing the integration of cyber-physical 143 systems with their information systems[END_REF], the authors specify DT (Digital Twins) within CPS. DT are considered as a representation of cyber-physical systems and their related models. The proposed solution deals with the separation of concerns regarding the communication structure and the application. Modeling both CPS and DT information systems is useful especially when it comes to working with complex systems. According to the authors, this enables the generation of a required infrastructure in order to keep the CPS synchronized with the DTs. The addressed issue is how data could be represented, something that will be ensured by DT.

A Feature-Based Ontology for CPS

The authors in [START_REF] Bedir Tekinerdogan | A feature-based ontology for cyber-physical systems[END_REF] propose a CPS meta model as well as a Feature-Based Ontology for CPS. In this research work, it is stressed that CPS are inherently heterogeneous by being multidisciplinary systems. Regarding the CPS meta model, it is important to notice that the proposal does not differ from the IoT ARM regarding the CPS component modeling.

It is worth mentioning that the authors model communication network and communication

protocol as components of the CPS system.

The proposed CPS ontology aims at supporting multi-paradigm for CPS. The identified features refer to constituent elements, non functional requirements, application domains, disciplines, and architecture. Each of which lists a non exhaustive set of values. The proposal seems to represent all the aspect of such systems as it deals with many features and somehow the complete mobilized ecosystem. As mentioned by the authors, it is not an approach for specific domain modeling.

CPS framework

Another attempt in representing CPS is depicted in [START_REF]Framework for cyber-physical systems, release 1.0[END_REF] through a framework where a CPS analysis methodology and vocabulary to describe it are provided. One of the issues addressed by the authors is data exchange that is considered as a prominent dimension of a CPS operation. A layered architecture is simply presented here instead of a detailed software architecture that could represent the components of a CPS.

In a recent study [START_REF] Jörg | Model-driven digital twin construction: synthesizing the integration of cyber-physical 143 systems with their information systems[END_REF], further related works on modeling CPS are also presented. Mon-tiArc [START_REF] Oliver Ringert | From software architecture structure and behavior modeling to implementations of cyber-physical systems[END_REF] is a model-driven framework where CPS are modeled as Components and Connectors in order to make communication and dependencies explicit in the models. ThingML [START_REF] Harrand | Thingml: a language and code generation framework for heterogeneous targets[END_REF] is a DSL aiming at capturing the architecture of CPS and the communication required between the different components. It includes component types with ports and asynchronous messaging, event-based reactive programming, composite state machines, and action language.

Conclusion

Modeling CPS has taken several dimensions. Sometimes the border regarding Things (from IoT) is not clear. Some contributions are modeling IoT as part of Modeling CPS and viceversa. Some cases could be confusing, for instance, in ThingML we are modeling CPS and not Things. Others are modeling connectors and communication issues. Presenting both domains allows us to spell out some misunderstandings. IoT is highly linked to environmental issues (hard devices, networking, etc) as a paradigm. CPS concern systems in a software and digital level (digital twins [START_REF] Jörg | Model-driven digital twin construction: synthesizing the integration of cyber-physical 143 systems with their information systems[END_REF], computational capabilities, control, decision-making). Yet and as stated above, both subjects are thoroughly connected in order to construct a smarter world. Regarding modeling, the trend in IoT architecting is highly directed towards service modeling. However, we are facing new paradigm such as *aaT (Everything-as-a-Thing) [START_REF] Maamar | Everything-as-a-thing for abstracting the internet-of-things[END_REF] or IoE. In our work, we are interested not only in things but rather in Everything. IoE includes not only smart machines (things), but also humans, data and Services [START_REF]Cisco : Internet of everything[END_REF]. Interactions are then established between all the pillars of IoE. Thus, IoE could be defined as an infrastructure of a smart world where CPS could carry out high-performing computational capacities.

Chapter 2

Educational Modeling Languages (EML)

Introduction

In this chapter of the related works, we present some relevant elements of the literature concerning our application domain modeling which deals with educational environments.

Instructional design is a major concern in the TELE (Technology Enhanced Learning Environments) domain, especially since the beginning of the Covid-19 health crisis. From then on, emergency remote teaching [START_REF]Educause : The difference between emergency remote teaching and online learning[END_REF] has been widely used. Accordingly, the primary objective in these circumstances is not to re-create a robust educational ecosystem but rather to provide adapted access to instructional supports, learning materials, services and objects.

Various research works have been conducted since the early 2000s especially with the emergence of online learning via, for instance Moodle platforms. Hence, e-learning started to gain popularity and has revolutionized the educational system. Still, since the beginning of the Covid-19 crisis, researchers and practitioners as well as governors have put all their efforts and attention to explore, upgrade and rethink TELS (Technology Enhanced Learning Systems). Basically, our work aims at providing a vision for the future universities. Due to the health crisis, we have found ourselves in a perfectly-fit-situation with what we are designing at an educational level because of the expansion of online systems' use.

In the literature, modeling education has taken several dimensions through Educational Modeling Language (EML). An EML is a semantic information model and binding, describing the content and process within a 'unit of learning' from a pedagogical perspective in order to support reuse and interoperability [START_REF] Rawlings | Survey of educational modelling languages[END_REF]. In short terms, EMLs are used to describe units of learning that in turn describe the learning process [START_REF] Martinez-Ortiz | Educational modeling languages[END_REF]. A unit of learning is defined in [START_REF] Koper | Modeling units of study from a pedagogical perspective-the pedagogical metamodel behind eml[END_REF] as the smallest unit providing learning events for learners, satisfying one or more interrelated learning objectives.

In the following, we provide, first, a description of some existing EML, and a comparative study. Then, we present approaches that take into account both educational and connected environments.

Existing approaches for Modeling Educational Environments

One may find two different perspectives when it comes to defining a learning process and how it could be modeled. In fact, there are some research works that design learning through Activity Modeling Language (e.g. E2ML [START_REF] Botturi | E2ml-educational environment modeling language[END_REF], ColeML [START_REF] Martel | Ldl: a language to model collaborative learning activities[END_REF]). Others design learning through Content Structuring Language (e.g. PoEML [START_REF] Caeiro-Rodríguez | poeml: A separation of concerns proposal to instructional design[END_REF], (SCORM, 2003)). Some others focus on both perspectives, Activity and Content Structuring Languages, (e.g. IMS LD [START_REF] Koper | Representing the learning design of units of learning[END_REF], CoUML [START_REF] Derntl | couml: A visual language for modeling cooperative environments[END_REF]). Furthermore, there are modeling languages that rather concern evaluation modeling (e.g. IMS QTI [START_REF]Ims global learning consortium: Ims question & test interoperability: Ims question & test interoperability specification[END_REF]).

In fact, in the first category, the learning process is modeled as an activity where a learning activity is part of a real lifelong learning scenario in a related field. It involves the learner's interactions with a structured set of learning environment resources. Various related works design a learning process as a set of activities. One can refer to the learning theories that were mentioned earlier in the scope of the General Introduction, and more specifically to the constructive theory. The latter considers that learning is achieving understanding through the process of connecting elementary mental or behavioral units. This process is based on sequences of activity [START_REF] Mayes | Review of e-learning theories, frameworks and models[END_REF]. According to [START_REF] James | Learning in activity[END_REF], research on activity systems focuses on the way by which the individual components act and interact with each other, and larger contextualizing systems that provide resources and constraints for those actions and interactions.

On the other hand, a learning process is designed with regard to the knowledge-to-betaught (the second category). According to Wilensky [START_REF] Wilensky | Abstract meditations on the concrete and concrete implications for mathematics education[END_REF], what is concrete for an individual is not for another one. Indeed, knowledge needs to be adapted regarding its structure and the different stakeholders (researchers, students, teachers, community) who intervene before and during its transmission in both teaching and learning processes. Didactic is the science which studies such phenomena. In fact, the theory of the Didactic Transposition of Knowledge studies the transformations of several types of knowledge, as proposed by Chevallard [START_REF] Chevallard | On didactic transposition theory: Some introductory notes[END_REF].

From the organization of the scholarly knowledge, as it is done by scholars and researchers, to the definition of the knowledge-to-be-taught in curricula and manuals, a so-called external didactic transposition happens. Then, the selected knowledge-to-be-taught is tailored by the teacher for a particular context in the classroom (taught knowledge). This taught knowledge is learned by students (learned knowledge). Didactic issues are not the purpose of our work, however, this category is constituted of languages that allow the designers to create the learning units regarding the content structure, the learner's needs and performance. In this thesis, the "knowledge-to-be-taught" refers to its content structure.

Regarding EML, the authors in [START_REF] Koper | From change to renewal: Educational technology foundations of electronic learning environments[END_REF] identify some characteristics that should be validated.

For example, an EML needs to be formally defined and machine-readable, so the script created with the EML can be interpreted by a computer application. An EML must be pedagogically neutral so different teaching trends can be applied in a unit of learning using the same EML.

An EML needs to allow designers to create complete units of study that include the activities to be executed by the learner (what to do), the people involved in the activity (with whom), and the environment where the activities will be performed (which learning materials are needed, which software tools, etc.). The units of learning created using an EML should be resilient to technical changes, evolution, and platforms, since their purpose is to facilitate reusability between systems and tools.

In the following, a scope is given to the main EML related works according to the presented categorisation. First, some languages presenting learning as an activity are given : CoUML, E2ML, COleML, and IMS LD. Then, some languages presenting learning as a content are provided through PoEML, SCORM, LOM and IMS LD. Finally, IMS QTI will be given as an example of language considering learning as an assessment.

CoUML

The Cooperative Unified Modeling Language (CoUML) [START_REF] Derntl | couml: A visual language for modeling cooperative environments[END_REF] extends UML with a modeling profile specifically designed to enable the modeling of complex and cooperative learning environments. It is to model structural and dynamic aspects of blended courses. As a primary artifact, one may find the Course Activity Model (CAM) that comprises a number of activity diagrams showing the course's activities at different levels of detail. When it comes to modeling complex courses, another primary artifact is created and maintained with the CAM in order to model a course structure through the Course Structure Model (CSM).

It is also possible to model structural elements as secondary artifacts (i.e., goals, roles, and documents). The used notations are adopted from UML and then adapted to extend the required concepts for CoUML.

E2ML

Educational Environment Modeling Language (E2ML) [START_REF] Botturi | E2ml-educational environment modeling language[END_REF] is designed through an informal visual language composed of chronological (the activity flow) and structural diagrams (the dependencies diagram). The "actions" represent the main element to be modeled in the educational environment. According to the authors, the activity flow is a sequence of actions represented as boxes that can be articulated with split and join devices. The dependencies diagram is a network of action, represented as boxes that can be connected by two types of connections to represent prerequisites and products. EML does not offer means to the development or implementation tool.

ColeML

The Collaborative Learning Modeling Language (ColeML) [START_REF] Bundsgaard | Introducing the collaborative learning modeling language (coleml)[END_REF] is for making learning designs active, that is, readily usable in actual teaching and learning based on a collaboration between students and teachers. ColeML adopts modeling principles from the workflow area and business process. In this context, the main modeled concept is activity which, added to its name and description, can have inputs, outputs, actors, and resources (objects, tools, and instructional material, etc.). Parallel activities also have their own graphical representation for modeling collaborative learning. ColeML seems suitable for complex teaching methods like inquiry/project based learning.

LDL

The Learning Design Language (LDL) allows the representation of various situations, particularly collaborative ones, with few concepts [START_REF] Martel | Ldl: a language to model collaborative learning activities[END_REF]. The proposed meta-model puts "interactions" in the center of learning modeling. Their aim is to specify the exchanges between participants during the learning activity regarding their "role". An interaction is an action from one participant to another in a specific place. This interaction reflects the activity and thus the cooperation between the participants. Situations happen in "Arena" which is the means of situating the activity. An arena can be either a service (a search engine, a chat room, etc.) or a content (a course, an exercise, etc.).

PoEML

The Perspective-oriented EML (PoEML) [START_REF] Caeiro-Rodríguez | poeml: A separation of concerns proposal to instructional design[END_REF] is conceived with a separation-of-concerns principle. It is based on the activity theory which is a meta-theory about the essence of activities as well as their components. This theory's expanded mediation model states that any activity involves a subject playing a role acting on an object to achieve a certain goal. This connection is influenced by the environment and the community where the activity is performed. The model has guided the identification of PoEML perspectives which are mainly about Structural, Functional, Environment, Participants, Data, Tools, Organizations, Order, Temporal,

IMS-LD

IMS-LD [START_REF] Koper | Representing the learning design of units of learning[END_REF] is the most referred design learning language as it represents a standard in the 2.2.9 IMS-QTI

The IMS Question and Test Interoperability (IMS-QTI) [START_REF]Ims global learning consortium: Ims question & test interoperability: Ims question & test interoperability specification[END_REF] is a specification that describes a data model for the representation of question (assessment item) and test (assessment) data and the corresponding reports of the results. This model is supported by an XML representation to foster interoperability and data exchange between the different educational artefacts (e.g. learning systems, authoring tools, etc.). However, it is described abstractly, using the Unified Modeling Language (UML).

Discussion

All the listed EML seem to have a common goal about ensuring and fostering interoperability and reusability in complex learning systems. The studied concepts either focus on activities (called actions in some models) or units of learning (called also learning objects).

As shown in Table 2.1, some criteria were chosen in order to position the studied related works. These criteria are highly related to the consideration of the main elements of the next revolutionary step of educational technologies at university that we specify : the consideration of inter-connectivity based on IoT or IoE, learning analytics, and present mode.

Obviously, none of the studied related works considers connected environments or learning analytics. The latters have been recent challenges, after EML was established. This leads us to rethink EML and the way they represent learning according to the technological evolution and consider both physical and cyber learning systems. The integration of synchronous and asynchronous activities, including interaction patterns in face-to-face, traditional online and poly-synchronous learning environments is stressed in [START_REF] Dalgarno | Polysynchronous learning: A model for student interaction and engagement. Rhetoric and reality: Critical perspectives on educational technology[END_REF].

As described previously in the listed EML related works, they are mostly related to electronic learning and Learning Management Systems. Physical interactions in the real world are not really considered. EMLs enable instructors and educators to build and exchange courses by designing the whole learning process and the learning units. They serve as a communication language between pedagogical and technical staff. Attempts for gathering different EML in the same management system are conducted in [START_REF] Savić | A model-driven approach to e-course management[END_REF] through a model driven approach where the system programmatically generates a final course in different platform-specific target models based on a pre-defined platform-independent course model.

However, this does not consider University 4.0 characteristics.

In this first part, we studied modeling in the related works regarding first connected environments and then educational ones. In the following, we give some highlights regarding the conducted efforts in connected educational environments (at the same time).

Existing approaches for Educational and Connected

Environments

Our learning society has been through different formal and informal approaches from traditional learning to virtual classrooms. A list of concepts, which includes e-learning, ubiquitous learning, m-learning, etc., shows a real evolution in the educational domain. The difference between these concepts is sometimes difficult to distinguish, for non practitioners. In [START_REF] Sarrab | Distance, virtual, electronic, mobile and ubiquitous learning environments: taxonomy study[END_REF] and [START_REF] Peña | A revision of the literature concerned with mobile, ubiquitous, and pervasive learning: A survey[END_REF] review studies, the related areas are clarified. In fact, it is stated that Distance learning (D-learning) is an approach of remote learning where the learners and instructors are not physically present in a traditional classroom. The principle is to eliminate regular face-to-face contact. Virtual learning (V-learning) relies in particular on the Internet and software applications to provide virtual classrooms regardless of user location. Electronic learning (e-learning) simply refers to the use of electronic devices that provide learning resources in the learning process, whatever its environmental disposition. In this approach, as shown in Figure 2.2, Mobile learning (M-learning) is considered when a used electronic device is mobile, such as smartphones, tablets, etc. In Ubiquitous learning (U-learning), the emphasis is put on embedded devices and technologies in order to support the permanency, accessibility, immediacy, interactivity and adaptability [START_REF] Liu | A context-aware ubiquitous learning environment for language listening and speaking[END_REF] of learning everywhere and at any time.

Figure 2.2: Learning Approaches from [START_REF] Sarrab | Distance, virtual, electronic, mobile and ubiquitous learning environments: taxonomy study[END_REF] This section provides a crossed manner of highlighting related works that are positioned in both educational and connected environments. It is a sort of merging related work fundamentals in order to give another viewpoint of the state of the art. As the main characteristic of U-learning is the use of technological and embedded devices, the use of IoT/IoE in education could be associated to this approach. However, to the best of our knowledge, CPS are not that present in the research papers with regards to such issues. Consequently, only IoT in education is covered.

As far as connected environments are concerned, many research works have had the interest of the added values of IoT in education. Several value propositions [START_REF] Bagheri | The effect of the internet of things (iot) on education business model[END_REF] are empowering, directly or not, students' achievements. One of them is related to the real-time personalization of learning experiences that could engage more students. A review in [START_REF] Dosheela | Exploring the internet of things (iot) in education: A review[END_REF] has recently been published about IoT applications in education. Interesting efforts have been conducted

to improve the educational ecosystem based on this paradigm. We classify them according to the way IoT is used. We opt for the following classification :

• Learning/Teaching of Internet of Things : this classification represents the teaching and learning of IoT as a learning subject. The aim is to teach/learn the core knowledge of the subject. Research works such as in [START_REF] Samuel Mensah Sackey | Industry 4.0 learning factory didactic design parameters for industrial engineering education in south africa[END_REF], [START_REF] Quezada-Sarmiento | Body of knowledge on iot education[END_REF], and [START_REF] Burd | Courses, content, and tools for internet of things in computer science education[END_REF] • Learning/Teaching by Internet of Things : this classification represents the use of Internet of Things as an artifact to acquire other knowledge. [START_REF] Yuqiao | Construction of distance education classroom in architecture specialty based on internet of things technology[END_REF], [START_REF] Moreira | The power of the internet of things in education: an overview of current status and potential[END_REF] are examples of research works which focus on such aspect. Experiment based Learning is one of the conducted pedagogies that could be viewed as a way to serve knowledge through the bias of smart object manipulation.

• Learning/Teaching based on Internet of Things : This perspective is addressed in some research works regarding the monitoring of students' healthcare or in classroom access control, like in [START_REF] Takpor | Integrating internet of things and ehealth solutions for students' healthcare[END_REF], [START_REF] Palma | An internet of things example: Classrooms access control over near field communication[END_REF]. Learning analytic techniques are adopted as a means to provide feedback to the different stakeholders.

Another category could be drawn according to further use of IoT in the educational context, which are not directly linked to learning and teaching. It focuses on energy management, enhancing safety, improving comfort, etc. [START_REF] Bagheri | The effect of the internet of things (iot) on education business model[END_REF].

Conclusion

Regarding EML, in our work, we build upon ideas from both Activity and Content Structuring Languages, in order to ensure both structural and behavioral aspects of educational modeling in a learning process. For this purpose, in our work, we adopt IMS-LD, as it is a learning model standard, in order to extend it and consider the listed comparison criteria.

Even if it is meant to mainly describe units of learning, as described in the literature, we consider that IMS-LD provides means to describe the activities as well as the learning environment which fits a connected environment modeling. Hence, it is worth mentioning that some languages could be situated in both categories (learning as an activity and learning as a knowledge-to-be-taught) although they consider some elements as black-boxes such as learning object in IMS-LD.

Regarding educational connected environments, when talking about general issues related to IoT, the referred domains discount Education as a solid area where we can explore different IoT perspectives. Nonetheless, IoT has clearly affected the educational business model by providing several ways to do so. We consider that there is still a great deal of work to do in order to directly improve educational processes based on IoT. We thus adopt the positioning of our work on the third categorisation of IoT application (Learning/teaching based on IoT). This does not exclude the possible association with the other purposes of IoT applications.

Regarding modeling connected educational environments, to the best of our knowledge, there are very few related works in this area. According to our review, one may find an ontology combining IMS-LD and IoT that is developed in [START_REF] Taamallah | Designing and experiencing smart objects based learning scenarios: an approach combining ims ld, xapi and iot[END_REF] to propose ontological models that allow intelligent interpretation of contextual data. Ontological models enable a formal and specific description of the meanings of things, according to the authors. Also, a

Service-oriented architecture is proposed in [START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF] to integrate IoT systems into educational environments, considered as a System of System (SoS) and implemented by Multi Agent System (MAS) to handle the availability of requested resources between Constituent System (CS).

Many research works have addressed IoT in education by an empirical approach but

Part I Conclusion

In this first part, we addressed related works in different areas of interest to this thesis work.

First, we analyzed software architecture modeling in connected environments with regards both to IoT and CPS. Regarding IoT, it is concluded that none of the studied works considers object, human, data and service design at the same time. Most of the research works are either focusing on service or object design. Then, we presented CPS related works which allowed us to spell out some misunderstanding between these two sub-domains of connected environments. Both subjects are thoroughly connected in order to construct a smarter world.

Secondly, Educational Modeling Languages are studied to investigate the essence of their models which mainly focus either on activities or knowledge-to-be-taught (also called learning object, unit of learning) modelings. We conducted a comparative study based on a set of criteria. These criteria are highly related to the main elements of the next revolutionary step of educational technologies at the university. They are related to the consideration of inter-connectivity based on IoT or IoE, learning analytics, and blended present mode (to ensure more flexibility). Obviously, none of the related studied work considers connected environment or learning analytics.

Thirdly, we combined both previously studied domains (i.e. IoT/CPS and educational modeling) in order to study how IoT is explored in educational systems. According to our elaborated classification, we consider that there is still a great deal of work to do in order to directly improve educational processes based on IoT. We thus adopt the positioning of our work on the third categorisation of IoT applications (Learning/teaching based on IoT).

The aim is to take advantage of this high connected-ness of smart objects (and not only) for collecting data and analysing educational behaviors and interactions and act accordingly.

Finally, these three main studied domains somehow reflect the different contribution directions for the rest of this thesis. First, a more complete model of connected environment will be presented based on the main components of CPS. Actually, we are interested in a "four-oriented" architecture for connected environments. Then, an adapted educational model is presented which will later lead to an educational connected system modeling. In the educational context, we consider that the main components of CPS, referring to [START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF] and [START_REF]Cisco : Internet of everything[END_REF], are :

• "Human" refers to students, teachers, administrators or other stakeholders who are involved in the learning/teaching processes. This knowledge about user profile is essential to create personal and professional linkages by fostering collaboration and cooperation.

As it is stated, people themselves will become nodes on the Internet, with both static information and a constantly emitting activity system.

• "Object" refers not only to physical devices that can establish connection with the Internet and utilize sensors to capture environment information (as it is presented in [START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF]) or actuators to act on the environment, but also to smart learning resources that can establish connection with the Internet (e.g. computer, telepresence-robot, etc.).

• "Service" refers to how people and objects must interact to generate data that can be transformed into usable knowledge through service invocation. According to [START_REF] Fortino | Modeling opportunistic iot services in open iot ecosystems[END_REF], each

IoT Service is designed as a composition of the Service Model (details about attributes and relationships describing the IoT Service itself) and the Service Profile (details about the process implementing the service). These processes allow information to be addressed to the right people at the right time [START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF]. Consequently, well-designed processes can make the educational process more efficient and motivating.

• "Data" refers to all the different data flows coming from the different elements of the connected system. Cloud computing and learning analytics are examples of technologies for data management and its transformation into information. Data could be structured, semi-structured, or non-structured in a connected environment.

In our work, we are interested in exploring IoE and so model all the types of components within the different interactions (people-to-people, people-to-machine, and machineto-machine). As its name implies, IoT mainly deals with machine-to-machine interactions. dealt with IoT as a body of knowledge-to-be-taught or as learning artifact. However, there is a limited interest in using IoT in order to monitor the learning experience itself.

Part

In our work, we believe in the power of connected-ness of everything. For the remaining parts of this thesis, the IoE concept will not only be limited to Internet of Things but also Internet of Services, Internet of Data and Internet of Human [START_REF]Cisco : Internet of everything[END_REF]. In fact, the proposal, based on this concept, will be presented through two phases. The first one gives a holistic architecture of what we call University 4.0 via its core element (ECPS), with a particular attention to the educational purpose, as at university, one may find several branches (research, administration, logistics, etc.). Then, the second phase is dedicated to the ECPS modeling method based on some elements from the literature.

Chapter 3

Educational Cyber Physical Systems

Architecture

Fostered by the accelerated digitalization of the modern society, research works have been interested in the future of education in order to adjust it according to the potential of technology. As stated in [START_REF] Makarova | Interaction between education and business in digital era[END_REF], the main idea of an innovative smart society will be the development of human potential. Various emerging concepts (smart education [START_REF] Makarova | Interaction between education and business in digital era[END_REF], education 4.0 [START_REF] Ciolacu | Education 4.0 for tall thin engineer in a data driven society[END_REF],

smart university [START_REF] Vladimir L Uskov | Smart university: Conceptual modeling and systems' design[END_REF]) have been proposed regarding this purpose. For instance, Education 4.0 focuses more on innovative educational content from a didactical perspective. Its aim is the training of future professionals who will be working in an Industry 4.0 context. Furthermore, a conceptual definition of smart university is given in [START_REF] Vladimir L Uskov | Smart university: Conceptual modeling and systems' design[END_REF]. It is defined as an n-tuple of n elements that can be constituted of : smart features (adaption, sensing, inferring, self learning, anticipation, self-optimising or re-structuring), smart stakeholders, smart curriculum, smart pedagogy, smart classrooms, smart hardware and software, and smart technology and resources. This definition of the "smartness" in "smart university" is limited to the organisation and deployment of modern technological devices within connected features. More importantly, we believe that it should be implemented to support both learning and teaching activities more efficiently to generate the suitable pedagogical scenario regarding learning objectives and students' performances.

As IoE is being more and more used in our daily lives, we consider that, from an educational perspective, University 4.0 is an intelligent integration of the learning and teaching processes, devices with networked sensors and software, educational stakeholders and related data used to monitor, analyse, plan, control and react for better education and societal outcomes according to the educational context. This intelligent integration is ensured by Educational Cyber Physical Systems (ECPS). In addition to educational features, smart administration, smart research and smart resources are also parts of University 4.0. We consider that ECPS are the key components behind the smartness of each part of University 4.0. In our work, we only focus on the educational part. In this chapter, we specify this core element by proposing a definition and a holistic software architecture view of this innovative concept. This represents our first contribution which allows us to deal with our first Research Question (How to define ECPS as an innovative concept, with a particular focus on the different educational processes at University ? ).

Software Architecture

Defining, modeling or implementing a complex system first needs an awareness of its Software Architecture (SA). According to Sommerville [START_REF] Sommerville | Software Engineering[END_REF], SA is a description of how a software system is organized. Properties of the system are influenced by the used architecture. The author identified two levels of abstraction when designing SA. Architecture in the small focuses on the architecture of individual programs and their decomposition into components.

Architecture in the large focuses on the architecture of complex enterprise systems that include other systems, programs and program components. SA is important as it affects the robustness, distribuability, and maintainability of a system [START_REF] Bosch | Design and use of software architectures: adopting and evolving a product-line approach[END_REF] as well as other properties.

In our work, we design a SA in the large and give a holistic vision of ECPS. Moreover, in SA, we deal with architectural design decisions according to different properties (performance, security, safety, availability, maintainability, etc.), architectural view (logical, process, physical, development, etc.) and architectural pattern (layered, MVC, etc.). We contextualize these elements regarding our work :

• Architectural design decisions : Our main objective is to ensure the supervision of the ECPS at first so that the system could maintain its performance regarding collecting and analyzing data.

• Architectural view : We are eager to design the structural and behavioral view of the system. Further models regarding the design of the CPS physical level do already exist (e.g. [START_REF] Muccini | Caps: Architecture description of situational aware cyber physical systems[END_REF]).

• Architectural pattern : As we have presented so far, we rely on a layered generic architecture of ECPS. However, our aim is to define the main components of our system at a generic level through a MDE method.

ECPS Definition

Many research works have been interested in Cyber Physical Systems and their extended applications in various domains (Industry, Healthcare, Energy, etc.). But there are barely any studies which have dealt with their potential use in Education. To the best of our knowledge, Educational Cyber Physical Systems are not yet emerging in the scientific community as a well defined research concept. In [START_REF] Cecil | Cyber physical systems and technologies for next generation e-learning activities[END_REF], the authors define an ECPS as a localised system involving software (cyber) and physical (experimental) resources or a more advanced distributed collaborative system. This definition is very reductive to the vision we have of ECPS.

Domains and applications of CPS were identified in the previous studied works (robotics domain, electric vehicles, supervisory systems, embedded systems, sensors and actuators networks, and smart grids). We, thus, consider that its educational application could also be viewed as a supervisory system aiming at gathering real-time data from connected educational components in order to constantly monitor and make decisions about not only the adaptation of pedagogical scenarios but also other educational oriented decisions (course design, curriculum process).

ECPS are educational complex systems constituted of physical and cyber components that aim at implementing control loops to manage the educational processes according to educational stakeholders' requirements.

These components refer to IoE.

ECPS are based on a network of cyber-physical components within an IoE educational ecosystem, where the aim is to improve not only the learning and teaching processes, but also the whole educational ecosystem. At different operational levels, ECPS implement MAPE (Monitor, Analyse, Plan and Execute) control loops to supervise and possibly self-adapt the whole curriculum, the courses' structure, and pedagogical scenarios depending on students' skills, capacities and the run-time evolution, etc. They are Cyber Physical Systems applied to the world of Education to make the fusion between the physical and cyber worlds. They are set of objects, services, data and humans, that collaborate to carry out teaching and learning scenarios in a short/medium/long term context (Classroom, Course, and Curriculum).

Generating the required processes should be implemented based on a particular data processing which highly depends on the educational context. Data collection and analysis are in a cyber level in order to monitor and supervise the physical world and adapt the processes when it is needed. This monitoring is based on executing control loops, adopted from the Autonomic Computing perspective, presented in the general introduction of this thesis. The aim is not to provide an instructional system related to specific requirements but rather gathering different services, different educational software and any other component that could contribute directly or indirectly to data generation in an open architecture based on the autonomic computing workflow.

It is worth mentioning that human decision making is very crucial in our ECPS proposal.

The latter could be considered as a CPSS (Cyber Physical Social System) [START_REF] Dressler | Cyber physical social systems: Towards deeply integrated hybridized systems[END_REF]. The purpose of CPSS is to carefully consider the impact of individual human beings that are an integral part of the systems, both as a user as well as a source of disruption, according to the authors. -Human refers to students, teachers, administrators or other stakeholders who are involved in the learning/teaching processes. This knowledge about user profile is essential for creating personal and professional bindings by fostering collaboration and cooperation. As it is stated, people themselves will become nodes on the Internet, with static and dynamic information. Dynamic aspect is ensured through the constantly emitting activity system.

ECPS Generic Architecture

-Object refers not only to physical devices that can establish connection with the Internet and utilize sensors to capture environment information (as it is presented in [START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF]) or actuators to act on the environment, but also to smart learning resources that can establish connection with the Internet (e.g. computer, telepresence-robot, etc.).

-Service refers to how people and objects interact to generate data that can be transformed into usable knowledge through service invocation. According to [START_REF] Fortino | Modeling opportunistic iot services in open iot ecosystems[END_REF],

each IoT Service is designed as a composition of the Service Model (details about attributes and relationships describing the IoT Service itself) and the Service Profile (details about the process implementing the service). These processes allow information to be addressed to the right people at the right time [START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF]. Consequently, well-designed processes can make the educative process more efficient and motivating.

-Data refers to all the different data flows coming from the different elements of the connected system. Cloud computing and learning analytics are examples of technologies for data management and its transformation into information. Data could be structured, semi-structured, or non-structured in a connected environment.

• Physical connection level : This layer consists of the data collection that may be collected through sensors (e.g. biometric sensors) or obtained from systems that are involved in the educational ecosystem. Particularly, SIS (Student Information Systems) that are used in an administrative level could provide a significant amount of data. TELS are also becoming more and more present especially since the Covid-19 health crisis. Moreover, data could be tracked regarding human-to-human interactions (student-student / student-teacher) through, for instance, the use of particular services.

• Data-to-information conversion level : Before proceeding to data analysis and knowledge extraction, a data-to-information conversion process is needed. It consists of data filtering where one may focus on a part of the data set and use that subset for viewing or analysing. Due to various involved systems in an open connected environment, different data formats would not support interoperability in the analysis phase (next layer). Unified forms of information allow flexibility and interoperability. Hence, this is considered as the second challenge for this layer in order to prepare significant data and so information for the next one.

• Learning Analytics (LA) : According to a review in [START_REF] Chatti | A reference model for learning analytics[END_REF], there are many goals of using LA, such as, monitoring and analysis, assessment and feedback, adaptation, prediction and intervention, personnalization and recommendation, tutoring and monitoring, etc.

Basically, our aim in this generic architecture is to provide an open system that could support any of these goals. LA uses techniques of artificial intelligence such as data mining, statistics, information visualization, etc. in order to process for the analysis step. Analysis results are highly related to the predefined goal. For instance, when the goal is to monitor and analyse, the analysis result could simply be about communication based on information visualisation as a technique. When the aim is to adapt a learning process, the analysis result is expected to make decisions and act accordingly.

• Decision making : The analysis result (communication and/or actions) is then communicated to another cognitive level where decision making could be done automatically, semi-automatically, or manually with a human intervention, based on analyzed information. In our case, both learners and teachers or even educational staff could contribute to the decision making process. For example, the learner could choose between different recommendation tips offered by the system or the teacher. The teacher could simply be aware of the analyzed result at a given point during a run-time session.

• Adapted learning process : This phase is the output of the ECPS. By learning process, we mean the educational process and ecosystem in general. Whatever the taken decision, it is about adapting the process by acting according to a scenario or its components. At this level, the educational ecosystem components are expected to implement decisions by taking an appropriate action based on users' requirements.

• Data and Action : As we deal with Everything, it is worth mentioning that data is the key element of such educational complex systems. In this generic architecture, the aim is to have a continuous feedback based on collected data from the physical space, and a set of actions that are meant to be executed in the physical space as well.

The cyber space is involved in order to bridge the gap between raw data and required decisions. The bidirectional data/action flow represents control loop flows around the layered architecture.

To conclude this generic architecture description, the physical environment represents the main components of the educational ecosystem (IoE) that differ from one situation to another regarding both temporal constraints and educational objectives. In fact, we adopt and define three types of learning processes : (i) Classroom process for short-term situations (ii) Course process for mid-term situations (iii) Curriculum process for long-term situations.

We believe that these three types of process refer to different learning outcomes throughout the whole learning journey (knowledge (classroom process), competence (course process), expertise (curriculum process) [START_REF] Richard | Knowledge, competence, and expertise in organizations[END_REF]).

In the following, we present the implementation of each level with a contextualization of the learning and teaching context especially regarding the physical connection layer. Each level stresses a different use of the generated data.

Different Levels of ECPS

Classroom ECPS

A classroom process refers to a combination of a set of activities occurring in a physical and/or virtual classroom. The learning outcomes of such process are the learnt-knowledge by As presented in [START_REF] Richard | Knowledge, competence, and expertise in organizations[END_REF], learning is highly related to knowledge management and must address its acquisition, creation, storage, redistribution and application through activities.

Learners and teachers are the main actors of this management process which highly depends on the choice of pedagogy.

Figure 3.2 shows the use of the generic layered architecture in a classroom level implementation. The basic layer consists of a set of both physical and virtual resources. This mixture of different natures of managed resources strengthens, for instance, blended learning. The aim is to bring together a sort of everything (Human resources, connected objects, information systems, TEL Systems, data, etc.) to ensure not only the capacity to collect a maximum amount of data for a better pedagogical knowledge management, but also to ensure learning flexibility and adaptation.

Data is collected during the progress of the activity from the classroom ECPS components. It must be stored in a common format in a data warehouse, and analysed to deduce knowledge/know-how validation, but also the level of engagement of the present and/or distant students, or any kind of analytics the educational stakeholders would like to implement.

The interactions between teachers and/or students in the classroom could be considered as an indicator for the efficiency of the learning process. Decision making in this level involves only actions related to a pedagogical scenario (short-term). The aim is also to boost and enhance the efficiency of a course design and its related sessions as well. Pedagogical staff are the main actors in this level. In the case of a human decision maker, the teacher (in the classroom process) may not be involved in the Course ECPS if he/she is not the responsible of the whole course management. ponents in a high level of such learning process management will be focused not only on physical resources (connected objects, humans, learning systems, data, etc.) but also and particularly on meta-data traced back to different instances of Course ECPS processes.

Course ECPS

Curriculum ECPS

The network of ECPS courses coupled to further data (e.g. Competence portfolio) allows a decision making about the whole curriculum process. Based on that, we could be able to determine if, for example, a student has upgraded his/her knowledge in a particular subject. This improvement could be ensured by attending a MOOC to deepen students' knowledge or, in the worst case, attending another course. Hence the concept of such ECPS is supposed to automatically adapt the generic curriculum to each student based on the acquired competences of a long-term expertise acquisition. The main actors may (or may not) be the same actor in the previous listed processes. Generally, they are the administrative pedagogical staff.

ECPS Coordination

To conclude what is stated above, Figure 3.1 shows the coordination between the different learning processes. Data management is the core element of all the processes. This management allows to retrieve information from data, and then knowledge from information. Data sources are different from one level to another. It depends on the type of process as well as the used components of the ECPS.

In the rest of this thesis, we focus on only the classroom process level as it represents the basis for data collection and further processes as well. The learner is also the primary actor of the process contrary to the course and curriculum processes where the educational staff are the most involved actors. In addition, machine-to-machine, machine-human and human-human interactions are highly active at this level. Hence, the provided definition and modeling tools are highly oriented to answer classroom process requirements within a particular learning and teaching context. In the next chapter, we detail our proposed method to design ECPS in classroom processes. 

ECPS Modeling

It is worth reminding that our methodology is mainly exploratory in defining and modeling ECPS. This concept is related to both technological and educational evolutions and so to the TELE domain. In the latter, any research contribution is conducted either with technological or educational requirements, or both [START_REF] Klemke | Introduction to phd in technology-enhanced learning[END_REF]. Due to technological evolution, educational aspects need to take profit from this dimension in order to provide a better life-long learning experience for learners. Open educational requirements should also get the required service in learning systems. In fact, our contribution proposes evolution in both perspectives and designs ECPS accordingly regarding a model driven engineering method called ModelECPS.

In this chapter, we present the method process and modeling languages that we developed for this purpose. This allowed us to ask our second Research Question (What is the required method to design ECPS by considering the evolution of both connected and educational aspects? ).

Model Driven Engineering (MDE)

MDE is a software development method that uses its core models not only as inputs but also as outputs in order to reduce the gap between problem domain and solution domain. It is more general than the set of standards and practices recommended by the OMG's (Object Management Group) Model Driven Architecture (MDA) proposal [START_REF] Kurtev | Model-based dsl frameworks[END_REF]. MDA is a standard proposed by the OMG to deal with the separation of platform dependent and independent aspects in information systems. According to [START_REF] Kurtev | Model-based dsl frameworks[END_REF] as well, MDE handles separation and combination of various kinds of concerns in software or data engineering. It allows the exploitation of models to simulate, estimate, understand, communicate and produce code [START_REF] Chiprianov | Collaborative construction of telecommunications services. an enterprise architecture and model driven engineering method[END_REF]. The different concerns are mainly about : • PDM (Platform Definition Model) which is highly linked to the kind of platforms and their related definition. According to [START_REF] Bézivin | On the unification power of models[END_REF], this could be very difficult to build. It could represent Operating Systems, Data Bases, Virtual Machines, platform infrastructure, etc. In the literature, PDM are not really explored.

• PIM (Platform Independent Model) which outlines the description of the domain model itself that may contain different specifications of the enterprise business model, but not specifications about the system platform. PIM are supposed to survive the constant changes in software technologies that are transformed into new PSMs.

• PSM (Platform Specific Model) which is produced by the transformation of the Platform Independent Model according to its platform definition (PDM). It specifies how Each of these three models may be presented through several models from different views.

According to [START_REF] Sommerville | Software Engineering[END_REF], it is required to model a system from different views as we cannot represent all relevant information about its architecture in a single one. For instance, a graphical model can only show one view or perspective of the system. In fact, modeling, in its broadest sense, is the cost-effective use of something representing something else for some cognitive purpose. It allows us to use something that is simpler, safer or cheaper instead of reality for some purpose [START_REF] Rothenberg | The nature of modeling[END_REF]. Hence, a model is an abstraction of reality in the sense that it cannot represent all aspects of reality. This allows us to deal with the world in a simplified manner, avoiding the complexity, danger and irreversibility of reality. A Meta-Model is a model which describes a specific domain model through a modeling language, also called DSL (Domain Specific Language). Thus, a terminal model conforms to a Meta-Model, which means that we use only pre-defined elements of the meta-model to describe a model. A Meta-Model,

Model Transformations

In MDE, one may deal with model transformations when it comes to deal with models as artefacts. A transformation is the generation of a target model form a (or many) source model(s). This generation is ensured through transformation definition. The latter is a set of transformation rules that describes how one or more constructs in the source language can be transformed into one or more constructs in the target language [START_REF] Kleppe | andwarmerjos, andbast, wim. mdaexplained: Themodel drivenarchitecture: Practiceandpromise. addison-wesleylongmanpublishingco[END_REF].

There are different types of model transformations. The basic concepts are positioned in Figure 4.3. Endogenous transformations are transformations between models expressed in the same language. Exogenous transformations are transformations between models expressed using different languages [START_REF] Bézivin | Towards a precise definition of the omg/mda framework[END_REF]. Similarly, one may find horizontal and vertical transformations.

The latter is related to transformations where the source and target models reside at the same abstraction level. The former is related to transformations where the source and target models reside at different abstraction levels [START_REF] Mens | A taxonomy of model transformation[END_REF]. The main objective of the MDA is the separation of concerns through platform dependent and independent modeling. This initiative is motivated by the constant change in implementation technologies and the recurring need to handle software from one technology to another [START_REF] Jouault | Atl: a qvt-like transformation language[END_REF]. For this purpose, MDA comprises a set of modeling standards. It is about UML(profiles) and MOF (Meta Object Facility) which are specified to define models and modeling languages. UML stands for Unified Modeling Languages. It enables the analysis, design and implementation of software based systems for different stakeholders (system ar-chitects, software engineers, and software developers). XMI (XML Meta-data Interchange) is put forward to represent and exchange meta-data and thus models. It can also be used for serialization of models. OCL (Object Constraints Language) is a declarative language that provides constraints and rules which cannot be expressed by diagrammatic notation. The designed system is constrained by these expressions through constant conditions.

OCL is considered as a key component of the QVT (Queries, Views, Transformations) specification, an OMG standard too. The latter provides a description of model transformations through hybrid declarative and imperative languages. A layered architecture, presented in [START_REF] Pérez | Domain specific languages with graphical and textual views[END_REF], shows the declarative languages (Relations, Core) and the imperative languages (Operational Mappings) that compose QVT. The Relations language specifies transformations as a set of relations among models where the semantics are handled by the Core language.

The Operational Mappings language handles the extension of these languages to address the issue of incomplete declarative solutions for a given transformation problem. ATL (Atlas Transformation Language) is a transformation language that is highly inspired by QVT. We rely on ATL in our model-to-model transformations. Our technological context is oriented towards a Model Driven Engineering method. Modeling and models are in the heart of our proposed framework to handle the separation and combination of various kinds of concerns in software and data engineering. In the following, we present our modeling method.

ECPS Design Method (ModelECPS)

We rely on MDE principles to explore the power of modeling. As described by [START_REF] Rothenberg | The nature of modeling[END_REF], modeling is everything. Naturally, in turn, everything could be modeled. However, as modeling represents an abstraction of a particular system from a particular viewpoint, one could not model everything at the same time. A model view represents a (real) system from specific system concerns. The latters represent interests of a system that are relevant to one or many of its stakeholders [START_REF]international standard iso/iec/ieee 42010: 2011 systems and software engineering-architecture description[END_REF]. Hence, our proposal aims at modeling Everything (in the sense of IoE) in an educational system but not Everything (in an exhaustive way). This inscribes our approach in modeling ECPS architecture in the large [START_REF] Sommerville | Software Engineering[END_REF].

In the following, we provide a detailed description of our adopted method that we implement through MDE standards. In [START_REF] Costa | Design and analysis of iot applications: a model-driven approach[END_REF], the authors identified some design challenges related to IoT systems. We believe that they remain the same regarding IoE systems. They are about (i) the heterogeneity of hardware devices and software components; (ii) the lack of mechanisms to address multiple stakeholders' concerns; and, (iii) the lack of a method to design IoT applications. In our work, we provide a method for the ECPS design. As stated in [START_REF] Ramsin | Process-centered review of object oriented software development methodologies[END_REF] and according to the OMG, a method, in software engineering, consists of : (1) a modeling language : a set of modeling conventions (syntax and semantics); and (2) a process which:

• provides guidance as to the order of the activities,

• specifies what artifacts should be developed using the modeling language,

• directs the tasks of individual developers and the team as a whole, and

• offers criteria for monitoring and measuring a project which includes products and activities.

As previously mentioned, we consider MDE as an efficient method to be adopted in this thesis, as it handles separation and combination of various kinds of concerns (such as platform models and code generation) in software engineering in order to bridge the gap between the design and implementation phases. Our method, called ModelECPS, adopts the classical "Y development cycle" from MDA as the method process, as illustrated in Figure 4.4. The objective of this process, according to [START_REF] Bézivin | On the unification power of models[END_REF], is to enable the generation of Platform Specific Models (PSMs) from Platform Independent Models (PIMs) and Platform Description Models (PDMs).

For each platform model, we propose a DSL. Firstly, the CPSML meta-models the platform description domain related to connected environments based on the IoE paradigm. This contribution is independent from the application domain. Secondly, the EML4.0 represents the application domain related to educational purposes. This is independently meta-modeled from the implementation details. Thirdly, we define ECPSML which is the third DSL aiming design ECPS models confirming to these DSLs, the purpose is to elaborate the CPS and EML4.0 models and then the ECPSML model is supposed to be generated automatically based on a set of transformation rules that we identify through a concept alignment process.

Our method defines three modeling languages that together define the whole ECPS knowledge. Due to the multidisciplinary of the latter, our modeling languages aim at helping ECPS designers in representing both educational and connected aspects of such system. Hence, the CPS expert(s) addresses the connected-ness of the system through CPSML, after becoming aware of the educational context and instructions from the educational / pedagogical expert(s). Moreover, the pedagogical expert relies on EML4.0 in order to model the pedagogical scenario and related concepts of the learning session(s). Then, both of them collaborate together to couple their models using ECPSML and the concept alignment process.

Aiming a higher flexibility, the goal is also to produce software assets that are resilient to changes in technologies. MDE stresses the importance of PIMs since they are supposed to survive the constant changes in software technologies that are transformed into new PSM [START_REF] Kurtev | Model-based dsl frameworks[END_REF]. By contrast, PDM are highly linked to the kind of platforms (connected context in our case). In an educational purpose, we can deploy the same pedagogical scenario in different platforms (something we have noticed during lock-downs). In this case, the Y development cycle is a real advantage, allowing us to redefine only the PDM model, with no change in the educational one (PIM). Furthermore, several pedagogical situations can be modeled in the same environment, by changing only the PIM model. In addition to this, our method could be adopted in order to model other domains. To do so, the generated meta-model, the application domain meta-model and part of the transformation rules have to be adapted.

The CPSML remains the same as well as the whole processing mechanism regarding the Y development cycle.

Our three modeling languages (DSL) are implemented using the Eclipse Modeling Framework that we present in the next section. 

Eclipse Modeling Framework (EMF)

Profile Extension Mechanism

There are different ways to implement a modeling tool. It could be created from scratch which could bring many challenges especially regarding the cost of its development. However, refining an existing modeling language by enriching, extending or specializing some of its general concepts, provides advantages regarding the reusability of existing language structures and tools [START_REF] Selic | The theory and practice of modeling language design for model-based software engineering-a personal perspective[END_REF]. In this thesis, we extend the System Modeling Language (SysML) to allow the modeling of the IoE educational ecosystem components as well as the different kinds of activities related to AC perspective through modeling the MAPE control loop.

Accordingly, creating a profile, usually associated with UML, represents a lightweight mechanism in system modeling. It consists in extending a reference model with a specific domain concepts that is related to a particular domain through stereotypes and constraints, as shown in Figure 4.6. According to the OMG, a stereotype defines a new modeling construct by generalizing a generalizable element or specifying another existing construct with new properties and constraints in order to gather the domain specificities. In the following, we describe our DSL (CPSML, EML4.0, ECPSML), specifying in each case the related abstract and concrete syntax. It is worth mentioning that all the proposed metamodels together represent the whole ECPS knowledge. 

Cyber Physical Systems Modeling Language (CPSML)

In view of our review of connected environment modeling in the first part of this thesis, we propose a specific language for Cyber Physical Systems that represents the platform definition model (PDM) at a generic level. The latter could later be coupled to any kind of domain specific language that represents the platform independent model (PIM). Our aim is to provide a highly reusable methodology in modeling a connected environment that could be responsive for most of the application domain. To do so, we reuse SysML (System Modeling Language) and take advantage of its expressiveness through stereotypes' definition.

SysML

According to the OMG [START_REF]Omg : Object management group[END_REF], SysML is a general-purpose modeling language for system engineering and software-intensive applications. It is considered as a UML profile where the former (e.g. Block diagram) is an extended customization of the latter (Class diagram).

SysML is a highly referenced modeling language among the scientific community. In the literature, SysML is a highly used modeling language, as it has proved its efficiency and reusability. Actually, it provides a solid basis for representing both behavioural and structural aspects in the modeling of specific system features through nine diagrams. Nevertheless, it lacks specifications regarding connected environments' components. So, as it represents a key approach offering language and tool extension possibilities, it seems to be suited for us to adopt and extend for our modeling languages. Sometimes, SysML reuses some major diagrams of UML in an integral way, like the use case, sequence, and state machine diagrams. However, some UML diagrams are adapted so that they fit with SysML extensions. For example, both block and activity diagrams are adapted to support SysML extensions and restrictions. In In SysML, the Block Definition Diagram defines the blocks, their features and their relationships (associations, generalizations, and dependencies). Another structural diagram, called the Internal Block Diagram, is meant to capture the internal structure of the defined blocks (from BDD) through [START_REF]Ecore[END_REF] properties that can be values, parts, or references, [START_REF] Grafana | [END_REF] connectors that are considered as ports (special class of property) used to specify types of interactions between blocks, and (3) constraints that are a special class of property used to constrain other defined properties of blocks. These extensions are not supported in UML.

Regarding behavioral aspects, it is supported by a set of diagrams in order to illustrate the dynamic constructs of a system. We have a particular interest in the activity diagram that aims at describing the sequence of actions connected through inputs and outputs. Compared to UML, controls are not meant to enable actions. They rather support disabling actions that are already in the action of being executed. They could be based on complex control operations to construct control values (data) to execute actions.

CPSML Meta-Model

CPSML corresponds to the PDM perspective as mentioned in Figure 4.4 [START_REF]Ecore[END_REF]. We propose CPSML (Cyber Physical Systems Modeling Language), a specific modeling language, in order to design a connected environment regardless the domain model. CPSML is a SysML profile where we extend its reference MetaModel with IoE system specificities. Hence, our proposal handles both structural and behavioral perspectives in the modeling of specific system features. Moreover, CPS are considered as systems of systems where the components within a system interact between each other or with other systems. So it is crucial that our proposal takes into account the system components' modeling first, and then their behaviors.

Accordingly, we extend the block diagram by specifying the block concept through different stereotypes, as specified in Figure 4.8. According to the SysML specification [START_REF] Sysml | [END_REF], blocks are modular units of system description. Each block defines a collection of features to describe a system or other element of interest. The idea is to allow the designer to specify the nature of the used blocks (object, service, human, data) which refers to the main components of CPS illustrated in Figure 2.3. In this context, we use "stereotype" as a specification of the predefined metaclass (Block). Our defined stereotypes the followings ones :

• Human refers to people who are involved in a connected environment as actors. The user profile is the core element when providing services or answering a requested feature of the system. It allows to ensure the customization of the system with both static information and a constantly emitting activity system through collaboration and cooperation. • Object refers to physical devices that can establish connection with the Internet and utilize sensors to capture environment information (as it is presented in [START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF]) or actuators to act on the environment. It could also refer to any resources that could provide valuable data for system processing, for instance, through tags. It is worth mentioning that our Object modeling differs from the IoT ARM proposal which considers that a sensor, a tag, and an actuator "is-a" device. We rather model it as an aggregation (white diamond) of these elements.

• Service refers to how people and objects must interact to generate data that can be transformed into usable knowledge through service invocation. We model a Service according to [START_REF] Fortino | Modeling opportunistic iot services in open iot ecosystems[END_REF] where each Service is designed as a composition of the Service Model (details about attributes and relationships describing the IoT Service itself) and the Service Profile (details about the process implementing the service). These processes allow information to be addressed to the right people at the right time [START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF].

• Data refers to all the different data flows coming from the different elements of the connected system. Cloud computing and learning analytic services are examples of technologies for data management and its transformation into information. Data could be structured, semi-structured, or non-structured in a connected environment.

It is worth pointing out on how objects and services are modeled. In Figure 4.8, it aims particularly at relying on some related works from the literature. As specified in the related works part, connected systems are often modeled through specifying either objects or services.

Our aim is to give a global model of CPS gathering all the components of the IoE ecosystem.

We do not particularly focus on a low level modeling, for instance the internal architecture of an object or a service are provided in the literature. Moreover, one may rely on the internal block diagram of SysML in order to model the required internal architecture of our defined stereotypes (which is not the scope of this thesis).

Likewise, we extend the activity diagram to add the Autonomic Computing (AC) [START_REF]An architectural blueprint for autonomic computing[END_REF] features and specify action types regarding the CPS control, analysis and computational capabilities to ensure the behavioral modeling a connected system. AC covers different aspects of self-management that implement control loops MAPE (Monitor, Analyse, Plan and Execute) which collect details from the system and act accordingly. More precisely, we extend the Action concept (which represents the behavior of the system) in SysML by defining both Analyzing Action and Monitoring Action stereotypes. We believe that they play an important role throughout the design process of the connected environment such as the explicit way to represent the autonomic properties of the CPS. Other types of actions like 'decision-making' could be simply designed as Action with the SysML action concept.

In such systems, we also deal with events. For this purpose, it is also important to explicitly model them. In CPSML, Event is modeled as a stereotype of the Object Node concept.

Events refers to indicators that one may model to check their states in a run-time system and acts accordingly.

By introducing these structural and behavioral concepts that define the abstract syntax (MetaModel) of the CPSML, we represent the main components of the IoE as well as a way to describe more specifically the different activities. It is worth mentioning that our model uses modeling "architecture in the large" (as stated earlier). Again, we do not deal with modeling sensors or actuators at a low level of granularity. We consider that by definition the Internal Block Diagram in SysML ensures this requirement as it captures the internal structure of a block in terms of properties and connectors between them [START_REF] Sysml | [END_REF].

CPSML Concrete Syntax

As stated before, a DSL is basically defined through an abstract syntax and one (or many) concrete syntaxes. The latter corresponds to the human-readable notation that translates the diagram elements into a set of textual or visual constructs. For instance, a programming language such as Java uses textual concrete syntaxes, where a set of structured keywords to express the language are used. Whereas, in our case, we rely on a visual concrete syntax where a set of graphics and forms are used to handle the expressiveness of the language. As CPSML is a SysML profile. We reuse the concrete syntax of the latter. 

CPSML Modeling Tool

In our ModelECPS method, we use the EMF to implement our modeling tool as it offers a set of automated mechanisms and utilities in generating either graphical editor or source code. Regarding our ModelECPS method defined below, we here describe the PIM part of the OMG Y process where we metamodel our application domain. As our interest goes to educational environments, our aim is to focus on the process where the student becomes the most involved entity. This is highly related to the classroom process which represents the basis for data management and other educational processes (course and curriculum), as explained in chapter 3. In addition, machine-to-machine, machine-human and human-human interactions lead to a dynamic data generation in this level. Hence, the provided modeling is highly oriented to answer classroom process requirements within a particular learning and teaching context. A set of educational modeling languages were given in the related works part and a critical view point was given. In our work, we adopt IMS-LD as it represents a standard in the educational technology community and is the most referred design learning language.

IMS-LD

Modeling education has taken several dimensions. Various research works have been conducted since the early 2000s especially with the emergence of online learning via, for instance, moodle platforms. One may consider an educational modeling language according to a particular perspective. In our work, we build upon ideas from Activity and Content Structuring Languages, in order to ensure both structural and behavioral aspects of educational modeling in a learning process.

Our adopted EML (IMS-LD) provides a conceptual model that defines the basic concepts and relations in a learning design. The specification is divided into 3 levels (A, B and C).

Level A contains the core model components of the design language. It is known as the static part. Level B and C are known as the dynamic parts of IMS-LD. Level B defines properties and conditions in order to personalize the units of learning to the learner based on if-then-else rules. Level C introduces notification behaviours based on events that occur on a run-time environment. Regarding the different levels of IMS-LD, we particularly focus on level A as the dynamic aspect of the model is ensured by the connected part of our method based on control loops.

EML4.0 Meta-Model

EML4.0 is our proposed Educational Modeling Language that is based on IMS-LD and other elements from the literature, designed to fit with our university 4.0 vision. It is worth mentioning that our proposal considers both structural and behavioral elements. Regarding IMS-LD, we consider that dynamic parts refer to the setting up of the AC perspective with its MAPE control loops, our focus goes to the static part of IMS-LD and thus part of its level A. In the following, we describe the core concepts designed as structured constructs of the classroom process (Figure 4.12), inspired by IMS-LD and [START_REF] Ruiz | Designing the didactic strategy modeling language (dsml) from pon: An activity oriented eml proposal[END_REF]. We describe our added concepts as well. According to the adopted specification, the aim is to perform activities that are considered as scripts and description of what to do, according to a defined pedagogy or method. An

Activity may be a Learning Activity, a Support Activity or an Assessment Activity (added concept regarding the IMS-LD specification). All these types of activities allow to meet Learning Objectives. The latters are specifications of learning Outcomes for the learners.

Obviously, any activity requires a set of Prerequisites essential for the accomplishment of a task. The performer may have different Roles (Student, Group, Class, Staff) regarding an activity. The performer could also be performing an activity in a particular learning Mode.

Covid-19 has driven us to consider all kind of possibilities (It is also proposed in [START_REF] Ruiz | Designing the didactic strategy modeling language (dsml) from pon: An activity oriented eml proposal[END_REF]). It could be a face-to-face, a distant, or a blinded learning mode. The performance happens in an Environment containing resources needed to carry out the designed activities. The resources could be Learning Services or Learning Objects. According to [4], a learning object is any entity, digital or non-digital, that can be used, during learning and/or teaching. It could be about multimedia contents, instructional contents, instructional software and software tools.

A learning service refers to the set-up of any service that is needed during learning such as communication services and collaboration services.

The classroom process designer, often the teacher, would control the whole process referring to activities that he/she may judge critical or crucial for the understanding of the learners. For this purpose, assigning a control point is possible to allow the monitoring of the students' progress according to a flow control and events that may be interpreted during the learning and teaching processes on run-time sessions. The control flow specifies the order flow between the different activities. These designed behavioral elements are inspired by [START_REF] Ruiz | Designing the didactic strategy modeling language (dsml) from pon: An activity oriented eml proposal[END_REF]. It is worth pointing out that at this level, the instructional designer only focuses on the pedagogical perspective. The "how could be these events detected, or how the control point could be implemented" questions represent the whole interest of coupling this educational viewpoint to CPS capabilities.

Finally, we extend this set of elements with a very important concept TELS that we consider fundamental in representing all kinds of technology enhanced learning systems, as part of the learning environment. A teacher could prepare his/her pedagogical scenario founded on a set of heterogeneous learning systems. For instance, he/she could rely on a MOOC to reinforce some basic competences that are essentials for acquiring the news ones.

Also, Moodle could be provided to share learning resources and quizzes for the learners.

Accordingly, a TELS is a learning system that could provide learning objects and learning services.

EML4.0 Modeling Tool

Regarding our ModelECPS method, EML4.0 corresponds to (2) in Figure 4.4. IMS-LD is an implemented specification based on an XML Schema. To the best of our knowledge, there is no standardised tool for it. Many attempts have been conducted in order to provide a modeling tool to design learning according to the IMS specification, however, they are not open-source and cannot support extensions as they are often at a prototyping stage or a restricted proof of concept. Due to the fact that we are in a model driven approach implemented with EMF, we realized an EML4.0 modeling tool from scratch in this framework using the Ecore metametaModel [START_REF]Ecore[END_REF].

Ecore is an essential part of EMF. It allows the definition of Domain Specific Languages.

EMF also provides a code generator that produces Java classes from the Ecore model through an EMF generator model. The different nodes defined through Ecore EClasses, as shown in 

Educational Cyber Physical Systems Modeling Language (ECPSML)

According to our ModelECPS method, our aim is to define an ECPS meta-model based on both CPS and EML4.0 meta-models. It is the result of a process fusion between the latters as presented in the Y process of our ModelECPS method presented in Figure 4.4. This fusion is supported by an alignment concept process that aims at approaching the different concepts from both input meta-models. Obviously, not all the concepts will be considered in this fusion as our method defines three modeling languages that together define the whole ECPS knowledge. To do so, we primarily consider the concepts that are related to the IoE educational ecosystem as well as the MAPE control loops used to monitor the students' progress within learning activities.

ECPSML Meta-Model

The ECPSML integrates structural and behavioral concepts derived from both CPS and EML4.0 meta-models. We define ECPSML as a SysML profile too, as shown in Figure 4.13.

Regarding the provided CPSML description in Section 4.5.2, the main extended stereotypes and relations are represented by a dark grey color in Figure 4.13. They are about : • Learning Service stereotype is-a service and so specializes this super class to support the definition of the related learning system facilities.

• Particularly, the TELS concept in EML could be represented by a SysML block in ECPSML, as we take advantage of the reusability of SysML. It could be linked to other defined stereotypes (learning service, pedagogical object).

• The previous listed extensions are about structural elements. Learning activity design has, as final goal, interactive practices. Then, it is designed as a behavioral concept specializing the action super-class in an activity diagram, in addition to the monitoring and analyzing action stereotypes (from CPSML).

As the ECPSML is a sort of combination between the pedagogical aspect from EML4.0 and CPSML, we determine a concept alignment process in order to generate the ECPSML models. 

ECPSML Modeling Tool

We reuse Papyrus to also implement the modeling tool of the ECPSML based on the definition of Stereotypes, as shown in Figure 4.16. As mentioned before, this tool proved its worth as it allows the update of the graphical tool whenever any type of edit occurs regarding the evolution process of the metamodeling, in addition to its usability and reusability. It must be emphasised that the objective is not only to provide a pedagogical modeling tool for educational and connected environments, but it is also meant to retrieve the different blocs of elements where MAPE control loops could be applied. A control point designed at a pedagogical level, coupled with the abilities and capacities of deployed cyber systems will result in a merged, consolidated, monitored and analyzed environment. After all, ECPS consists of a big data management system, in which the components of the IoE educational system are treated as data.

For implementation reasons, we generated Ecore MetaModels for both CPSML and ECPSML after their extensions using Papyrus. The aim is to unify the DSLs as EML4.0 is implemented from scratch using Ecore. This facilitates the implementation of ATL rules. For 

Part II Conclusion

In this part of the thesis, we give our vision of the university of the future. First, a generic architecture of the educational connected environment is given through the definition of ECPS which are educational complex systems constituted of physical and cyber components that aim at implementing control loops to manage the educational processes according to the educational stakeholders' requirements. As pointed out previously, the connected components are not only about devices (IoT), but, they refer to all the components of the IoE ecosystem (objects, services, human and data). Then, three levels of ECPS are given based on elements of the literature and how educational processes are managed at the university. The classroom process consists in the short-term implementation of a pedagogical scenario during real classroom sessions. Course ECPS and Curriculum ECPS are implemented to adapt either the course process (mid-term) or the whole curriculum process (long-term).

Then, we focused on the classroom level and provide more in-depth its design through the ModelECPS method. Actually, we adopted the classical "Y development cycle" from MDA as the process of our method. The objective of this process is to enable the generation of Platform Specific Models (PSM, ECPS in our case) from Platform Independent Models (PIM, EML4.0 in our case) and Platform Description Models (PDMs, CPSML in our case). We proposed modeling tools for both EML4.0 and CPSML MetaModels. Regarding ECPSML, our aim is to automatically generate its model based on transformation rules that we implemented using the ATL transformation language. All the rules were not implemented, due to technical issues. It is worth reminding that our models are built upon ideas from the literature to foster usability and reusability of a reference architecture and a set of standardized tools. A utilisation process of the modeling languages is given after providing their description. As meta-modeling aims at creating some sort of abstraction level. The next part of this thesis brings forth a concrete case study experimentation in order to enlighten this and design concrete models confirming to the proposed meta-models.

Chapter 5

Case study -Covid-19 Educational

Context Part III Introduction

In this part, we will provide a case study implementation in order to illustrate and put into practice our proposed modeling languages. Basically, our work aims at providing a vision for what would be a highly connected university. Due to the health crisis, we have found ourselves in a perfectly-fit-situation with what we are designing at an educational level. This crisis has particularly amplified the intensity of online services' request and humans' engagement.

During the three lock-downs in France, the teaching staffs put in place solutions to ensure educational continuity. In the first one, a new term appeared to describe the switch of teaching and learning from a fully face-to-face to a fully online mode. It is about emergencybased teaching [START_REF]Educause : The difference between emergency remote teaching and online learning[END_REF]. The purpose was not about developing learning tools from scratch, but rather about adapting the access and use of different existing online platforms. Thus, the teachers were derived to handle not only pedagogical challenges but also technological ones.

During the first lock down, learning and teaching processes were ensured fully online, whereas during the second and third, flexibility and convenience of real classrooms were made available under strict constraints to keep the academic activities going. This was due Actually, there were 4 working sessions with 4 student groups. It is worth pointing out that the same CPS setting was designed for all the monitored sessions. However, it is not the case, in general, at a pedagogical level as learning objectives evolve from one session to another. And so, the pedagogical model is different in each classroom process. As far as the ECPS classroom process is concerned, the implementation of the different layers is conducted through generated data from different sources. The latters are either static or dynamic when it comes to a real time monitoring of the educational ecosystem components.

This presentation of the general context gives a glance of the ECPS through a part of its infrastructure (CPS) and how activities are organized in a pedagogical way. In the rest of this part of the manuscript, more details will be given regarding both perspectives through their models (a CPSML model for the CPS infrastructure, an EML4.0 model for pedagogical concerns, and a generated ECPSML model). The modeling will obviously be based on our proposed meta-models and tools in order to illustrate their expressiveness. We present both give an insightful view of the Learning Analytics (LA) layer where an implementation of control points are given to enable the monitoring and analyzing activities at run-time, as well as the generated dashboards that give teachers feedback about their students' progress.

Connected Aspect Modeling (CPSML Model)

Regarding the provided modeling process in Section 4. Each time a component is modeled, our modeling tool shows it graphically under Papyrus.

The latters are physically situated in different physical spaces : the real classroom, the distant student space, and over the Internet, as described in Figure 5.1.

As we extend SysML, we take advantage of its expressiveness to model associations and compositions as well as SysML blocks (in white). As students are dispatched into two environments, the engaged components are qualified differently under two SysML blocks ("Distant CPS" and "Physical CPS"). The "Connexion Support" block is designed as a composition of two main services (VPN service and Discord Service) that ensure the interconnexion between both distant and physical CPS as well as the human-to-human interactions between distant and present students over the discord service. In this diagram, services are often hosted by objects, for instance the distant computer hosts the distant web client, the distant SSH client, the softphone and the VPN client. In our case, different logs "Data" could be generated either by services or objects.

The dynamic aspect of the system could be designed through the monitoring of the generated data. The latters are mainly tracked through service invocation using the provided objects. Figure 5.4 shows an activity diagram, and so a behavioral aspect, to implement a MAPE control loop over the whole system while permanently collecting the different logs throughout a working session. The "Service logs" output from this activity diagram contains various types of logs related to the interactions of the students with the Asterisk server.

These logs are specified later in Section 5.4. Here, the CPS expert designs all the possible data logs that could be generated, their formatting and saving. Their concrete exploration will depend on the final application (EML4.0 model in our case). In this activity diagram, we specialize the type of action based on the loaded stereotypes from the profile extension 

Pedagogical Aspect Modeling (EML4.0 Model)

Our modeling method deals with both PIM and PDM perspectives. In this part of the case study, we focus on our application domain model (PIM) which is about classroom processes during the ToIP teaching as previously detailed in the case study context. We will focus more particularly on designing learning activities as well as some other related concepts to the learning environment. At this stage of modeling, it is for the pedagogical expert(s), in our case two teachers, to identify and model the different practical work sessions based on the EML 4.0 modeling language. They do not need to know more about technological details when modeling the pedagogical elements. We present both structural, through basically the components of the learning environment (learning objects, learning services and used TELS), and behavioral aspects, through learning activities and control points, of the studied scenario. In the same way, the learning environment is described through learning objects, learning services and TELS and is implemented through the creation of dynamic instances in EMF, as presented in Figure 5.7.

The designed classroom process in Figure 5.6 shows the different learning activities and specifies the order flow through the use of control flows. In our case, the learning activities are meant to be sequentially ordered. But it is not always the case, for example if two learning activities can be accomplished independently (in parallel from a modeling view), the "from" and "to" properties (see the bottom of the Figure 5.6) of a control flow could be attached to one or many learning activities. Also, several control points are designed in order to check the students' progress during the working session. A control point represents the set of learning indicators (Events) that are meant to be checked through the implementation of MAPE control loops. In this example, each control point is related to a specific learning activity, which may be different in another case when we do not have control over some learning activities. For instance, the CP1 control point in Figure 5.6 refers to the learning indicators (Events : TelConf and TousTelConf) that the pedagogical expert would like to implement in order to monitor their validation by the students who are supposed to properly configure all the phones.

ECPS Model

Regarding our ModelECPS method, the ECPSML model refers to our Platform Specific Model (PSM). As we mentioned before, our case is about a model-to-model transformation.

In fact, Figure 5.8 shows part of the generated model based on both the CPSML model (Figure 5. Then, in the ECPSML model, each Object is qualified by the required properties (pedagogical or technological). Due to implementation reasons, the complete concept alignment process was not implemented using ATL. We are currently investigating the issue. The modeled events represent the pedagogical indicators which are directly linked to the designed control points as output pins. Each analyzing action takes as input the required data logs (designed as input pins -coming from the "data logs collection" monitoring action)

to check the related learning indicators. The monitoring activity to generate a dashboard also runs permanently as a listener for the validation or not of the learning indicators in order to display their correspondent state. At a run time level, these events will be implemented into software components that will allow the generation of the required dashboards regarding 

ECPS on Run-Time

Our designed models are used to specify the structural and behavioral aspects of the ECPS.

Software components are needed to implement (in a low level) our models and somehow translate the defined learning indicators (events) in order to see a concrete result of students' progress monitoring in our real study case. In fact, incorporating a learning activity into MAPE control loops seems very promising as it gives a concrete feedback regarding the achievement of learning objectives by the students. The CPS expert translates the pedagogical metrics into a concrete data management process and verifies its feasibility regarding the provided data. Hence, our modeling phase is powered by further software components in order to concretely implement the required MAPE control loops.

To do so, the implementation of the ECPS should be supported by a set of pre-analysis and modeling of the IoE components, in particular regarding data logs. Various services and objects are connected to allow the teachers to teach and the learners to learn, and so many interactions to generate data happen. For this purpose, the data collection process is somehow centralized over a particular server that orchestrates the used infrastructure to gather logs from "everywhere". This phase of data collection and analysis was assisted by three interns (Valentin Lubon, Mathieu Fouine and Matteo Guyon). In the following, we present how an example of a learning service (interactions over Discord) and another for the whole learning scenario (session 3) are specified regarding data management and learning metrics implementation.

Learning Service Implementation

In our Classroom ECPS, we are seeking to finally monitor the state of the described components and especially the interactions between each other. Actually, there are various types of interactions (human-to-human, human-to-service, human-to-object, service-to-service, object-voice channel, ack message, channel opened, video stream started, and video stream ended.

It is worth mentioning that selecting these events goes through different stages. First of all, we developed a python script in order to filter logs corresponding to the selected server that is used for learning in our case. Then, all the logs are merged on one file. After this, we apply another filter by date to extract only events that are related to particular time slots (date and time of the pedagogical session). Finally, the logs are correlated and sorted. Therefore, some metrics are given in Figure 5.12 in which we have noticed some interpretations regarding the students' behaviors. The "event" concept used in describing discord logs (Figure 5.11) is different from the "event" concept we use in our modeling languages. The former describes elementary events happening when using the communication channels over Discord. The latter is about the defined learning metrics/indicators that allow to deduce some meaningful interpretations.

Actually, as the lockdown affected pedagogical practices, it was important to evaluate students' status and behaviors regarding the general context. The given example of metrics shows some interpretations during a run-time learning session. For instance, it is possible to analyze if a student participates actively in a conversation, if he/she is streaming something, etc. Basically, these indicators were initially expected to monitor human-to-human interactions in the designed CPS, yet, we have been able to identify other characteristics of the CPS like the internet connection quality of the distant students, for instance if the student joins and leaves a channel several times in a short time, he/she may face a slow internet connection.

To resume this communication service over discord, first; the discord bot is implemented to collect data, a set of scripts are then executed to filter, sort, and merge valuable information.

Some interpretations are established based on metrics in order to characterize the student's behaviors.

This characterization could be interpreted similarly in another context with other users.

The data management example could be seen as fully independent from the learning and teaching activities, however, coupling them with other results from an educational context could enrich our observations and analysis which we consider one of our objectives. The implementation of this MAPE control loop is expected to be executed on run-time so the Figure 5.12: Discord Metrics teacher could get significant result and act accordingly. Therefore, this MAPE control loop cannot be considered to be really part of the ECPS modeling. It is rather a preliminary work that was carried out by our CPS experts, to create the "discord service" used in the CPSML model and to generate the "discord logs" of this service. These logs allow the identification of some human interaction indicators, as shown in Figure 5.12. 

Learning Scenario Implementation

Case Study Limitations

Our modelECPS method is an innovative method as, to the best of our knowledge, there are no research studies that address the separation of concerns regarding the complexity of the ECPS domain. By applying our method through defining first a CPS model and then a pedagogical model, we illustrated the followed modeling process to provide the generation of the ECPS model. However, regarding the complexity of the domain, our case study has certain limitations related to its CPS infrastructure, model generation and analysis issues.

Unfortunately, we did not have the availability to use other connected objects / sensors (e.g. RFID readers, smart cameras, bio-metric sensors, etc.) that could be separated from the educational purpose. Yet, we estimate that the highly connected services in the ToIP configuration mechanism are sufficiently miscellaneous that the provided data was particularly valuable for the analysis phase. Coupling our finding results with other control loops over further "independent" components undoubtedly promotes a very enriching analysis and feedback.

Secondly, we do not model everything on a low level. LA, for instance, is only modeled through "actions". Its implementation differs from one learning domain to another. Analysis actions are developed separately through software components to fill this gap. So, when educational data model change, how could we manage this flexibility in a model generation level and fill this gap automatically / semi-automatically in order to link between the generated model and the complementary python scripts ? Finally, the running environment was a simulation of real classroom processes. The latter impacts somehow the capacity of the teachers to make real-time feedback for the students. It gave them, though, a delayed analysis.

Educational Cyber Physical Systems (ECPS) are first about Education which is a major concern in our society, especially during the Covid-19 health crisis. They are about complex systems of systems where not only a particular system generates data, but multiple ones do by invoking services and tracking various types of interactions (human-to-human, humanto-machine, machine-to-machine). In this thesis, we have derived to explore technological advancement in the domain of industry 4.0. Obviously, this domain is oriented towards industrialization and smart factories, however, we are more interested in demystifying and profiling the motivation behind the "4.0" vision. After inquiring, we pointed out that a set of advanced technologies (IoT, CPS, AI, etc.) are basically promoting the digitalisation and automation of manufacturing processes. Afterwards, we mostly investigated IoT and CPS definition and modeling as well as Educational Modeling Languages.

Studying both domains (IoT and CPS) allows us to spell out some misunderstandings.

Actually, IoT is highly linked to environmental issues (hard devices, networking, etc) as a paradigm. CPS concern systems on a software and digital level, computational capabilities, control, and decision-making. In our thesis work, we are interested not only in Things but rather in Everything. IoE includes not only smart machines (things), but also humans, data

and Services [START_REF]Cisco : Internet of everything[END_REF]. Interactions are then established between all these pillars of the IoE. Thus, IoE could be defined as an infrastructure of a smart world where CPS could carry out highperforming computational capacities. We consider IoE components as the main constituent elements of a CPS.

Fulfilling the Objectives and Contributions

In this thesis, we address connected complex system in educational applications in order to give a vision of the future university (University 4.0). It is based on the Educational Cyber Physical Systems (ECPS) concept. To the best of our knowledge, ECPS are not addressed in the literature. Hence, we have conducted an exploratory approach in order to define, model and then implement these environments.

First, we made an overview of the literature of IoT and CPS modeling. Then, we coupled these findings with retrieved insights from the EML (Educational Modeling Languages) literature as it is our application domain. None of the studied research works addresses neither the modeling of connected aspect of educational environments nor the implementation of the MAPE (Monitor, Analyze, Plan and Execute) control loops regarding the instructional design. These conclusions lead us to rethink the modeling approach in an educational environment with regards to the expansion of connected-ness. Hence, we stated the following definition of ECPS : ECPS are educational complex systems constituted of physical and cyber components that aim at implementing control loops to manage the educational processes according to educational stakeholders requirements. These components refer to IoE.

Based on this definition, we proposed a generic architecture of ECPS which could be implemented in three levels at the university (classroom ECPS for short-term process, course ECPS for mid-term processes, and curriculum process for long-term processes). Regarding Software Architecture principles, our architecture follows a level of abstraction in the large.

Different layers are meant to construct the whole system, from the physical connection, datato-information, learning analytics, decision making, to actions. Data management between the physical and cyber levels is the heart of this whole process. Our generic layered architecture is then refined through a model driven engineering method to explicitly show the main structural and behavioral aspects.

We propose a modeling method (ModelECPS) as it is one of the main design challenges stated in the literature regarding connected environments, in addition to the lack of mechanisms to address multiple stakeholders' concerns and the heterogeneity of hardware devices and software components. Our aim is to support educators in developing IoE applications to fully achieve the benefits of this new paradigm in teaching and learning. The approach comprises a process and three Domain Specific Languages that offer substantial gains in expressiveness, ease of use and benefit from model generation features. More specifically, two kinds of experts are involved in this modeling process (the pedagogical expert(s) and the CPS expert(s)).

To do so, we adopt the classical "Y development cycle" from MDA as the process of our method. The objective of this process is to enable the generation of Platform Specific Models (PSMs) from Platform Independent Models (PIMs) (specific to the business model)

and Platform Description Models (PDMs). Accordingly CPSML is the proposed DSL to describe the connected aspect of the environment (PDM). EML4.0 is the proposed DSL to describe the domain model which corresponds to educational applications on a classroom level (short-term process). PSM refers to the final ECPS system (ECPSML models) where the output model is generated through ATL transformation based on both input models from CPSML and EML4.0.

The pedagogical expert models the instructional scenario principally based on the learning environment and activities by specifying the control points that he/she would like to explore to validate some metrics regarding the task accomplished by students. The CPS expert models the connected environment and designs from his/her side monitoring and analyzing activities that he/she considers valuable to consider regardless the instructional design.

His/her perspectives in this part could be applied in any other application domain. The process of modeling ends with a collaboration between both experts to merge their modeling and implement (by the CPS expert) the required components for the defined control points (by the pedagogical expert) to make them concrete in a run-time environment. The CPS expert translates each control point and the related metrics. This translation means implementing the required features for both monitoring and analyzing actions. We presented in Part III an experimentation for a case study in order to illustrate and validate the implementation of our proposed models.

In this thesis, our contributions are based on MDE principles as they handle separation and combination of various kinds of concern (such as platform models and code generation) in software engineering. One of the objectives of modeling is to bridge the gap between the design and implementation phases and produce software assets that are resilient to changes in technologies. For instance, MDE stresses the importance of models since they are supposed to survive the constant change in software technologies.

ModelECPS is an innovative method regarding Educational Cyber Physical System concept definition and modeling. This concept, not yet emerging in the scientific community, is addressed through its multidisciplinary aspects (educational and connected in our case).

MDE allows not only model generation but also code generation. Hence, we are looking forward to first improve the ATL M2M transformations in order to implement all the concept alignment process that we identified. Then, a code generation module could be considered to provide a complete framework where both model-to-model and model-to-text transformations are supported. Actually, the generated code would help in implementing further components in order to fill the gap regarding the final use of ECPS in run-time learning sessions. For our case study, we implement software components from scratch.

Finally, the running environment was a simulation of real classrooms processes. This limitation somehow impacts the capacity of the teachers to give a real-time feedback for the students. It gave them, though, a delayed analysis. Conducting experimentations in real time would be efficient to evaluate our methodology based on more improved dashboards for better students monitoring.

Long-term Perspectives

Our first perspective is to test the genericity of our ModelECPS method by changing the educational model and dealing with the same CPSML model and vice-versa. And so, we could validate the fact of acting on either PIM or PDM in order to generate the required educational environment. In addition, it is worth exploring this model driven method to design other connected environments (smart grid, smart building, medical environment, etc.).

The transformation rules and PIM model should be adapted accordingly.

At university, we do have various specialization domains. Sometimes, we use the same infrastructure, and thus CPSML model, in different courses and experimentations. It is the case of our Network and Telecommunications department. This leads us to think about the idea of developing design patterns that could address the ECPS implementation when needed in particular domains for educational purpose.

In this thesis, a global vision of the future of the university is given, however, with regards to the decision making layer in the generic layered architecture that we have designed, for the time being, we do not consider developing AI components that would assist the teacher in his/her decision making. As perspective of this work, AI techniques could be adopted in
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  0. A clear and complete consensual definition of Technology Enhanced Learning (TEL) has not yet been reached. As noted in the literature ([29], [50]), TEL is an interdisciplinary field involving various domains of knowledge, such as Computer Science (CS), Artificial Intelligence (AI), Human Machine interface (HMI), Cognitive science, Didactics, Pedagogy, and Information and Communication Technology (ICT). One possible way to define the TEL domain is the study of how we learn and teach with interactive technologies, and how to design and evaluate
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 11 Figure 1.1: IoT ARM Domain Model from[START_REF] Bauer | Iot reference model[END_REF] 

Figure 1 . 2 :

 12 Figure 1.2: IoT Service Model from[START_REF] Fortino | Modeling opportunistic iot services in open iot ecosystems[END_REF] 

presented in Figure 1 . 3 ,

 13 they represent the current technological evolution since 2006. They monitor, analyse and control the physical processes and act accordingly. The purpose is to interconnect the physical with the digital world. They are smart systems[START_REF]Framework for cyber-physical systems, release 1.0[END_REF].

Figure 1 . 3 :

 13 Figure 1.3: CPS Development Timeline from[START_REF] Daniel Moldovan | Elastic systems: Towards cyberphysical ecosystems of people, processes, and things[END_REF] 

  educational technology community. IMS-LD stands for Instructional Management System -Learning Design. It provides a conceptual model that defines the basic concepts and relations in a learning design. The specification is divided into 3 levels (A, B and C). All the conceptual elements of the different levels are presented in Figure 2.1. Each level is based on the model and semantics defined in the previous level. Level A contains the core model components of the design language. It is known as the static part which is composed basically of activities, roles (type of participants), and the environment (learning objects and services). This level also specifies prerequisites and learning objectives. Level B and C are known as the dynamic parts of IMS-LD. Level B defines properties and conditions in order to personalize the units of learning to the learner based on if-then-else rules. Level C introduces notification behaviours based on events that occur in a run-time environment. Most of the concepts of Figure 2.1 are detailed in the contribution section as we adopt this language for a model extension.
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 21 Figure 2.1: IMS LD from[START_REF]IMS. IMS LD[END_REF] 

  are examples of such research works. Education 4.0 could be classified in this type of IoT use. It focuses on teaching/learning IoT to prepare future professionals to acquire required competences and skills of the subject to enable them to work on IoT equipped environments such as Industry 4.0.
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 23 Figure 2.3: The Main Components of Cyber Physical Systems (revised from[START_REF] De | An acknowledged system of systems for educational internet of everything ecosystems[END_REF] and[START_REF]Cisco : Internet of everything[END_REF])

  As stated above, our exploratory research methodology is conducted based on elements of our research context which are related to Industry 4.0, Autonomic Computing and Technology Enhanced Learning Environments. Obviously, there is a big gap between industrial processes and human learning processes. However, we are trying to see what is behind the "4.0" version. Industry 4.0 principles (IoT and CPS) are studied in the first part of this thesis where a review of the related works is given in order to position our contribution that we detail in this part. Moreover, conducted researches in TELS have made contributions to enhance education, as it was presented earlier. But, they are conducted through an ad-hoc development manner. Pedagogical models are still linear and do not consider the massive data that could be generated regarding the potential use of connected environments everywhere.Since the emergence of smart and ubiquitous learning environments, many research studies have been interested in integrating Internet of Things in the educational context. We classified them into three categories (learning/teaching of IoT, learning/teaching by IoT, learning/teaching based on IoT) in the previous part. Existing related works have mostly
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 31 Figure 3.1: The Generic Layered Architecture of Educational Cyber Physical Systems

Figure 3 . 2 :

 32 Figure 3.2: Educational Cyber Physical Systems in a Classroom Process students. As presented in [60], learning is highly related to knowledge management and must
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 33 Figure 3.3: Educational Cyber Physical Systems in a Course Process
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 34 Figure 3.4: Educational Cyber Physical Systems in a Curriculum Process
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 35 Figure 3.5: Educational Cyber Physical Systems Coordination Between the Different Learning Processes 71
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 41 Figure 4.1:The World and The Machine from[START_REF] Bézivin | On the unification power of models[END_REF] 
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 42 Figure 4.2: Modeling and (Meta)MetaModeling from[START_REF] Bézivin | On the unification power of models[END_REF] 

Figure 4 .

 4 Figure 4.1 represents the different models regarding the real world and the machine.
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 43 Figure 4.3: Basic Concepts of Model Transformation from[START_REF] Czarnecki | Feature-based survey of model transformation approaches[END_REF] 
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 44 Figure 4.4: Modeling Process for the ModelECPS method
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 45 Figure 4.5: Ecore Model from[START_REF]Emf : Eclipse modeling framework[END_REF] 
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 46 Figure 4.6: Profile Definition Mechanisms from[START_REF]Omg : Object management group[END_REF] 
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 47 Figure 4.7: SysML Taxonomy from [9]

Figure 4 . 7 ,

 47 it is shown that the activity, the Block Definition Diagram (BDD) and the Internal Block Diagram (IBD) are the main ones that are modified from UML.
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 4 Figure 4.8: CPS Modeling Language
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 49 Figure 4.9: Part of the SysML Concrete Syntax

EMF represents a promising

  framework as it allows open contributions to be reusable and standardized. Consequently, we implemented our CPSML profile, in the Papyrus modeling tool that we integrated as an Eclipse modeling component. Papyrus is an eclipse open source Model-Based Engineering tool. It could be integrated in the EMF to facilitate its customization and extension which considerably reduces the development time and effort. It has notably successfully been used in industrial projects and is the base platform for several industrial modeling tools [12].
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 410 Figure 4.10: CPS Modeling Language Implemented in Papyrus as a SysML Profile
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 4 Figure 4.11: CPSML Stereotypes Integration in Papyrus

Figure 4 .

 4 Figure 4.12: EML 4.0 MetaModel Implemented in EMF based on its Ecore MetaMetaModel

Figure 4 .

 4 Figure 4.5 which represents the core concepts of Ecore. The EClass concept allows to define classes. The EAttribute refers to the definition of an attribute of a defined class. The EReference allows the definition of an association between two defined classes. The common super type of EDataType and EClass is EClassifier. EStructuralFeature is the superclass of EAttributes and EReferences and allows to define a name and a cardinality by setting lowerBound and upperBound.Figure 4.12 represents the implementation of the EML4.0 Ecore metaModel. Basically, we defined EClasses, EAttributes and EReferences. For the time being, implementing EML4.0 models refers simply to creating dynamic instances using EMF instead of a graphical tool.
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 413 Figure 4.13: ECPS Modeling Language Designed as a SysML Profile
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 4 Figure 4.16: ECPS Modeling Language Implemented in Papyrus as a SysML Profile
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 417 Figure 4.17: ModelECPS Modeling Process
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 7353 Figure 5.3: The Block Diagram of the CPSML Model (confirms to CPSML) -Object (yellow) -Service (green) -Human (red) -Data (grey) -SysML block (white)
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 54 Figure 5.4: A CPSML Activity Diagram for a MAPE Control Loop
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 555657 Figure 5.5: Manual Draft of the Learning Scenario

3 )

 3 and the pedagogical session model (Figure 5.7) through the implementation of two ATL rules (A Learning Object in the EML4.0 model becomes a Pedagogical Object and an Object in the CPSML model becomes a Technological Object). These transformation rules are implemented according to the concept alignment in Table 4.1. In fact, this process of model merge aims at representing both educational and technological aspects of the ECPS through a tight coordination between both CPS and pedagogical experts. At first, the pedagogical expert only cares about what to learn and how to achieve by students based on pedagogical learning objects and services. From the other side, the CPS expert examines the provided technology in order to identify the useful components, Objects in this example.
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 5 Figure 5.8: Automatic Generation of a Part of the ECPSML Model Through the Transformation Rules given in Figure 4.14
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 559510 Figure 5.9 shows the structural aspect of the ECPS through the definition of a graphical block diagram directly generated from Papyrus using our extended stereotypes. This is supposed to be generated automatically by the ATL module as in Figure 5.8. Regarding the CPS block diagram model, presented in Figure 5.3, the pedagogical fusion could be seen through
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  La conception du modèle ECPSML est basée sur un alignement des concepts entre les modèles PDM et PIM et est semi-automatiquement générée par l'application de règles ATL définies pour mettre en place une transformation de modèle à modèle. Pour finir, un processus d'utilisation de la méthode est proposé afin de guider les différentes parties prenantes dans la conception de tels systèmes (ECPS). Pour illustrer notre proposition, nous avons réalisé une étude de cas sur une activité de travaux pratiques pendant la crise sanitaire. Nous décrivons l'ensemble des modèles correspondants à cette activité, ainsi que les boucles MAPE utilisées afin de monitorer et superviser les étudiants pendant la réalisation des travaux pratiques.

itorer, analyser et contrôler des usines intelligentes, en appliquant des boucles de contrôles autonomiques (MAPE: Monitor, Analyze, Plan, Execute). Ces boucles de contrôles permettent d'automatiser tout ou partie des processus métiers. Dans cette thèse, nous étudions comment les concepts utilisés dans l'Industrie 4.0 pourraient contribuer à l'ingénierie de la prochaine révolution numérique universitaire (Université 4.0). Pour ce faire, nous menons une approche exploratoire afin de définir ce que nous appelons les Systèmes Cyber Physiques Educatifs (ECPS) en nous appuyant sur des travaux de la littérature. Nous appliquons ce concept à différents niveaux d'enseignement (séance pédagogique, module, curriculum).

Ensuite, nous proposons une méthode de conception de ces systèmes basée sur un processus de modélisation (ModelECPS) et trois Langages de modélisation Spécifiques au Domaine (DSL). La modélisation suit un processus en Y, issu des normes de l'Object Managament Group (OMG). Elle se base sur trois modèles piliers de l'Ingénierie Dirigée par les Modèles (IDM) : le modèle indépendant de la plateforme (PIM) qui représente le métamodèle éducatif, appelé EML4.0; le modèle de définition de la plateforme (PDM), qui est le méta-modèle d'environnement connecté (CPSML), et qui étend la modélisation des "Things" à la modélisation de "Everything"; enfin, le modèle ECPSML qui définit le méta-modèle qui décrit l'environnement connecté éducatif et donc la plateforme spécifique au domaine (PSM).
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	.1 mostly presents the main structural and behavioral concepts and the
	different cases that designers may find. This list is far from being exhaustive, it is open for
	further extension based on empirical research.
	We identified the emergence of various cases that could associate concepts from input
	models to an output model concept. Regarding the structural perspective, learning objects
	(from EML4.0) become pedagogical object (in the ECPSML model), whatever the corre-
	sponding concept on the counter-side of CPSML model (Object, Service, -). We estimate
	that it is interesting to qualify objects as pedagogical when they are used for learning. Ob-
	viously, a pedagogical object, regardless the fact that it could be in a non-digital format,
	could allow data generation when it is also technological. For this reason, a type property
	is specified in the corresponding stereotype (Pedagogical Object) to state if it is digital or
	not. Objects, Services, and Data from the CPSML model become respectively Technological
	Object, Service, and Data. The TELS concept is mapped to a SysML Block concept as

Authorization, Awareness, Interaction, etc. PoEML provides a graphical representation for all the perspectives.

SCORM

The Shareable Content Object Resource Reference Model (SCORM) [START_REF]Scorm : Shareable content object resource reference[END_REF] is a set of technical standards developed by the ADL initiative (Advanced Distributed Learning) to provide a communication method and data models that allow e-Learning content and LMSs to work together. SCORM addresses interoperability and reusability challenges in e-learning through three sub-specifications. The Content Packaging part specifies how content should be packaged and described with XML. The Run-Time part specifies the launch and communication of the described content within Learning Management Systems using ECMAScript. Finally, the Sequencing part, described in XML, specifies how the learner can navigate between parts of the course (SCOs).

LOM

Learning Object Meta-data (LOM) [START_REF] Avgeriou | Learning object metadata in a Web-based learning environment[END_REF] is a data model used to describe a learning object and similar digital resources to support learning. It is described in XML in order to foster reusability and interoperability within Learning Management Systems. By definition, an object is a collection of content items, practice items, and assessment items that are combined based on a single learning objective, according to CISCO [3]. IEEE defines it as any entity, digital or non-digital, that may be used for learning, education or training [3]. The type of object, author, owner, format, technical information, life cycle, and pedagogical attributes are described as meta-data of the learning object. A learning object is an independent structure of the knowledge-to-be-taught which is highly related to the learning activities as well as the educational context. very few are those that deal with its modeling in a connected environment. In this thesis, the emphasis is put on modeling perspectives based on elements from both educational and connected views. It is worth mentioning that many researchers believe that security and privacy are among the main challenges of IoT in education [START_REF] Al-Emran | A survey of internet of things (iot) in education: opportunities and challenges. Toward social internet of things (SIoT): Enabling technologies, architectures and applications[END_REF]. These issues are important, however, they are not in the scope of this thesis. in its turn, confirms to a Meta-Meta-Model. Furthermore, a Meta-Meta-Model is a model which conforms to itself. The MOF is the unique Meta-Meta-Model in MDA. It represents the extensible and platform independent model driven framework for modeling and Model Driven Architecture. Figure 4.2 presents both the real and modeling worlds at different levels.

Domain Specific Languages (DSL)

In view of our Research Question on Modeling, we consider MDE as an efficient method to adopt into our research method. In fact, Domain Specific Languages (DSLs) are the complementary part of MDE which is considered as the main means to define models. DSLs are languages tailored to a specific application domain, in our case modeling educational connected environment. In contrast to general-purpose languages, they offer substantial gains in expressiveness and ease of use [START_REF] Mernik | When and how to develop domainspecific languages[END_REF]. DSLs are defined through different parts (abstract syntax, concrete syntax, and semantics) and allow model generation features in MDE. Referring to the literature, these parts are specified in [START_REF] Chiprianov | Collaborative construction of telecommunications services. an enterprise architecture and model driven engineering method[END_REF] as following :

• Abstract Syntax : it expresses the notions that are specific to the domain of the language. In MDE, the domain is modeled through the use of a Meta-Model. Therefore, the Meta-Model describing the domain represents the abstract syntax of the modeling language. Meta-Models play the same role for modeling languages as grammar does for programming languages • Concrete Syntax : the syntax domain defines the symbols used to represent the concepts in the language. A modeling language may have different concrete syntaxes (e.g. a textual program, a graphical model).

• Semantics : the semantic domain is the meaning of the concepts in the language. It may be defined through the semantic mapping towards the precise semantics of an existing programming language.

In addition, associations between the different concepts are supposed to remain the same in both Block and Activity diagrams (CPSML, ECPSML). In this fusion, the ECPSML block diagram will be somehow upgraded by concepts coming from EML4.0 (e.g. learning services and pedagogical objects). Hence, associations in the CPSML block diagram remain the same unless some are removed because of their "inutility" in the ECPS. For instance, a designed data in the CPSML block diagram could be not retained in the ECPSML model as it is not useful in the validation of any of the modelled learning indicators. This is expected to be approved by both experts when it comes to validate the output model during the collaboration phase. Furthermore, both experts are expected to validate the output model when things seem incomplete regarding the concept alignment in Table 4.1. For instance, they design the required associations related to concepts from EML4.0 as they will be associated to other ones in the ECPSML model. The generation of our ECPSML model is supposed to be automatically handled by the ATL module. As described earlier, ATL is a model transformation language. It is integrated in the EMF which, in addition to its modeling framework features, provides facility model generation for building tools and other applications based on the different XMI models.

Rules are the heart of ATL transformations. They describe how output elements (ECPS) are produced from input elements based on the input model(s). Input models could be multiple which is the case of our method (CPSML, EML4.0). Each rule expresses a mapping between a (or multiple) input element(s) and an output element. this purpose, EMF provides generator tools to support the required transformation process.

ModelECPS -Modeling Process

After presenting the different DSL proposals, we provide, in the following, a process that situates the designers regarding the use of the defined modeling languages. This process is based on a sort of a requirements' specification where the educational context and instructions are given and discussed between both designers (CPS and pedagogical experts). In fact, the pedagogical expert models the educational environment by instantiating the EML 4.0 concepts. The core elements are mainly about learning activities on which the pedagogical expert rely to identify the required environment (learning object, learning services, roles, etc.). Learning activities have to be designed according to their order flows. After this, he/she defines the used technological learning systems (TELS), as well as the learning objects and services. Then, the expert stresses specific activities that he/she judges critical for students during the learning process. Based on that, a set of control points could be identified/defined to keep track of the students' progress. Control points are translated by checking the predefined events (learning indicators). From a connected system viewpoint, the CPS expert designs the provided components of the IoE educational ecosystem. At this level, the aim is to focus exclusively on connected components and not handling pedagogical issues. At first, the expert models the provided smart objects, services related to, for instance, communication / collaboration system, humans and data. The expert assesses the whole setting in order to retrieve some elements. Drawing interactions between the modelled components ensures a better awareness of the ubiquitous environment. Then, the expert models indicators through events which could give feedback about, for instance, the students' presence or a particular physical state. Based on this, the expert defines the required monitoring and analyzing activities.

Based on these two models which confirm to correspondingly EML4.0 and CPSML, both experts collaborate in order to couple and integrate their modelings. The CPS expert supports the pedagogical expert in defining the required monitoring and analyzing activities Part III VALIDATION OF OUR APPROACH -Towards University 4.0 to challenges a high number of students were facing, for instance connectivity and psychological issues [START_REF] Vigouroux | The psychological vulnerability of french university students to the covid-19 confinement[END_REF]. Thus, presence mode was blended with online mode at various universities.

We conducted several observations and experimentations during the third lock down (January to June 2021). We particularly focused on practical work sessions of the ToIP (Telephony over Internet Protocol) course that was ensured by two teachers for more than fifty students (organized into four practical work groups) in a blended context in the Networks and Telecommunications department (Réseaux and Télécommunications -RT in French) of our institute. The educational context is presented in A very significant amount of logs is detected, however, we are only interested in those that could be explored to detect some issues or informational behaviors of the users. The "eventtype" (in discord logs) is the main attribute which guided us during the log filter stage.

In fact, there are different events that we classified into various categories. We identified them accordingly into : behavioural events, message events, channel events, account events, private conversation events, research events, and server events. In a first stage, we decided to focus only on some events that we estimated valuable for distant learning, such as, start speaking, voice connection success, voice disconnect, send message, join voice channel, leave sessions that will be saved and extracted through commands on/from the telephony servers.

Executing these scripts allows to extract the list of connected phones to the server which will be stored in the "registrar" file (column 9). The internal and public numbering plans are stored in the "Plandenum" file (column 8). The state of the card allowing access to the telephone network is stored in the "Dahdi" file (column 4). In addition to these files, we also recorded the full logs of each student server, in the "fulllog" file (column 5), which is then filtered to have everything related to the SIP protocol as well as the log of the iPBX (columns 3, 6 and 7). Other logs are also saved in the "Bashsyslog" file to keep the issued commands by the students (column 2). Unfortunately, we were not able to benefit from some logs (e.g. phone logs state), due to technological reasons, however their interactions with the IPBX were tracked over the allocated server.

In the presented logs, the black lines refer to servers that have not been used. Red boxes refer to an absence/unusablity of the corresponding logs due to technical issues (e.g. activation of the server, SSH client, etc.). the different colors (e.g. "serveur" in the bashsyslog file is "hostname" in sauvetftp fileyellow color), they import all the useful data in a unique format to make it accessible for the next analysis process, with respect to a particular timestamp. They also abandon all the uninteresting data for a better data processing.

The analysis results, based on the defined metrics, are coupled to the use of LA techniques.

To do so, we review a set of LA tools. Some of them are reported in [START_REF] Cherigny | L'analytique des apprentissages avec le numérique Groupes thématiques de la Direction du numérique pour l' Éducation[END_REF]. Basically, 123

RapidMiner Studio [8], Jupyter [5], Kibana [START_REF] Kibana | [END_REF], and Grafana [START_REF] Grafana | [END_REF] are the tools which are mainly tested and evaluated to basically measure their ability to perform real-time processing, the presence or not of a graphical interface, integrated languages for the software, license price, and Open source-ness. In this case study, our primary objective is to first generate dashboards so to give the teacher an idea about the progress of the students according to the defined metrics. Thus, we evaluated the different tools with regards to this perspective.

Grafana was retained as it could consider different data sources as well as scripts on runtime. Actually, various scripts were implemented to validate the different metrics in the tool and display the designed dashboards accordingly. For each learning activity, a set of indicators has been assigned that we validate for each server (peer group). To do so, each step of the whole process is checked by a Python function separately. In order to display the progress on Grafana, we choose to define two dashboards. Each one presents a particular viewpoint regarding the students' progress. The first dashboard will show the validation of the learning steps regarding the corresponding servers (Figure 5.16). Figure 5.17 shows the details of learning indicators validation regarding each server.

The second shows the saved information regarding the students' progress, after the analysis

Part III Conclusion

In this part, we presented the use of our modeling method (ModelECPS) in order to design ToIP classroom ECPS, during the lockdown in our institute due to the global health crisis.

At first, we described the CPSML model. Although there was limited use of smart objects and sensors, we modeled some features of the CPS that are independent from the domain learning model. Then, we showed the modeling of the classroom educational process through instantiating learning activities, control points as well as the learning environment.

Generating the ECPSML model showed us the importance of implementing further components in order to make its usefulness concrete regarding the monitoring and analysis of students' actions. For this purpose, we developed the required components and explored them using a visual tool (Grafana) to allow their visualization by teachers and students as well. A refined process was conducted by our CPS expert in order to collect, filter and unify data format.

Regarding our ECPS generic architecture, we have been able to first model the whole environment through our modeling languages to specify the different components of our IoE educational environment and then to implement the first three layers through a physical connection level, data-to-information conversion level and learning analytics to explore some visualization tool capacities and give a first insight of the monitoring and analyzing processes.

To conclude, the health crisis shows us the amount of connected-ness and that adapting learning could take place whenever, wherever and however educational stakeholders are willing to do it. A particular CPS environment could handle different knowledge domains and vice-versa. This points out how particular Education is open to any circumstances. 

Perspectives

In this section, we present some perspectives and a number of possible future directions that would improve our research. The short-term perspectives address limitations and challenges that we identified thanks to our case study which makes us aware of the complexity of the ECPS systems during experimentation. The long-term perspectives are defined with the intention to explore our methodology in order to design other application domains and address related challenges regarding their connected-ness.

Short-term Perspectives

First, regarding the CPS infrastructure, it is interesting to gather data from other smart objects and/or services (RFID readers, smart cameras, bio-metric sensors, etc.) that are independent from the instructional design model and study their correlation with educational analysis. Further data about students' health-state, motion or presence would foster learning indicator definitions. This should be improved regarding the CPSML model. Coupling CPS analysis results with other educational indicators undoubtedly promotes a very enriching analysis and feedback.

order to implement such features. Nevertheless, the required components have to be adapted to each application domain model. So, how could the common modeling and coding features be designed so that they fit with our model-driven method ?

Last but not least, our modeling tools could be regularly improved with regards to the mentioned perspectives (short-term and long-term). At this stage, only Papyrus and ecore basic tools are used. To do so, Eclipse Graphical Modeling Framework (GMF) would be the required tool to generate the graphical editors. This framework provides the fundamental infrastructure and components to develop visual models and modeling surfaces in Eclipse.
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