
Chapter 9
eLearning in Industrial Mathematics with
Applications to Nanoelectronics

Giuseppe Alì, Eleonora Bilotta, Lorella Gabriele, Pietro Pantano, José
Sepúlveda, Rocco Servidio, and Alexander Vasenev

Abstract The main topic of this chapter is a detailed exposition of CoMSON’s
attempt to give a contribution in the synergetic process of integration of research
and training between Academia and Industry.

9.1 Introduction

In recent years, the use of new information and communication technologies
in educational context has promoted a large spreading of innovative electronic
learning environments (eLearning). The purpose of an educational environment is
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to support learning, but it can also be used for transfer of knowledge and training.
Several eLearning systems have been designed and developed to deliver educational
contents for different purposes: many postsecondary educational institutions and
universities offer entire degree programs via distance education; many companies
use distributed learning for internal training in order to control expenditures and
at the same time to promote/encourage a flexible and quick way of improving the
acquisition of knowledge and skills within a company.

Clearly, the importance of eLearning for training is directly proportional to
the speed of innovation of a specific field of application. In this chapter we
concentrate on eLearning in industrial mathematics, with application to micro- and
nanoelectronics. Microelectronics is a field characterized by high specialization and
high level of innovation. The rapid development of new microelectronic devices
and technologies requires new skills to keep up with the current technological
innovations. A possible strategy to face the worldwide competition is to adopt online
educational and training systems to improve quickly the learning competences of
the internal people. eLearning is currently used in microelectronic industry for
training of personnel, usually by means of eLearning courses provided by dedicated
companies.

A key aspect of training in microelectronics is its highly scientific content.
Innovation in microelectronics is strictly related to scientific and technological
research, usually performed in private research facilities, but also in collaboration
with universities. The role of university becomes especially relevant when the
innovation comes from joint university-industry research.

One of the main aims of the CoMSON (Coupled Multiscale Simulation and
Optimization in Nanoelectronics) project is to define and to develop a system
of eLearning in Industrial Mathematics with applications to Microelectronics, in
order to facilitate the exchange of information; to share resources, scientific and
educational materials; to create common standards; to facilitate the use of advanced
tools. The common idea of this project is to create a bridge able to fill the gap that
exists in the knowledge flow from University to Industry and vice-versa, in the field
of microelectronics above all when a stronger competition among the industries and
when the activities are covered by industrial secrets.

The main topic of this chapter is a detailed exposition of CoMSON’s attempt to
give a contribution in this synergetic process of integration of research and training
between Academia and Industry.

We start the chapter with an overview of the development of eLearning method-
ologies, and their application in microelectronics (Sect. 9.2).

Given the importance of the relationship between industry developing and
training, in the last years the European Union has funded several industrial projects
devoted to use eLearning methodologies as a new training strategy. The aim of
these projects was to design new platform architectures able to deliver advanced
courses by using information technology infrastructure. Then, another concurrent
goal of the current research in the eLearning field, concerns the development
of new methodologies for content creation. eLearning educational contents are
often a transposition in electronic form of the traditional didactical materials. This
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educational scheme implies a rigid user interfaces and then an unusable interactions
procedure. It is very important to ensure to the largest number of users the use of the
technological tools for educational purposes. Specifically, industrial and university
should collaborate to design and test new didactical modalities to deliver educational
contents by using eLearning tools. Clearly, the eLearning environments should take
into account the different cognitive style of the final users. But also, it is important
to assure that student’s interactions with the system interface are as natural and
intuitive possible. This could require a revision of the current interaction paradigm,
providing the designing of new adaptive Graphical User Interfaces (GUI).

Today research in the field of GUI design has achieved important successes. An
important aspect of the modern GUI is their customizability, which determines how
users interact with the system and the tasks they need to perform in the environment.
This design approach includes a strong relationship between learning cognitive
process and graphic designer, which must know the principal aspects of the learning
theory. Thus eLearning GUI must share cognitive aspects and didactical needs of the
final users, in order to support the learners during their learning tasks, rather than
being a mere use of advanced technologies. The GUI design process must be based
on educational models and outcomes that suggest how people learn with the support
of the technological tools. For instance, the integration of multimedia tools must
be carefully integrated in the didactical environment, in order to avoid cognitive
load problem that can affect the learning process. In fact, the use of eLearning
environments does not mean to reject the traditional teaching strategies, such as
simulation, cooperative work, experimental activity, and problem-based strategies.
Contrarily, an eLearning environment should integrate these teaching strategies, in
order to motivate the learner. In other words, to design an efficient and motivating
eLearning environment, it is important to focus on the needs and goals of the
students involved.

Sections 9.3 and 9.4, as an exemplification, illustrate the design and development
of the CoMSON platform. The design phase has represented an important challenge
for us, because we have identified the user requirements and then we have tried to
implemented a platform which could respond to their needs. Next, we have adopted
this methodology to design and implement the CoMSON information system,
whose architecture includes several services devoted to support both communication
and research activities.

One of the key ideas of CoMSON was to connect the information system and the
eLearning system with the simulation environment, by appropriate GUIs. During the
project’s activity, we have designed some prototypical GUI to connect the eLearning
system with the Demonstrator Platform (DP), which is an experimental platform
to execute microelectronics experiments. Thus we have tried to design the GUI
providing new and flexible functionalities, taking into account the traditional didac-
tical techniques with the usability user requirements. This activity is expounded in
Sect. 9.5.

The subsequent section deals with the learning content implementation. It is clear
that the current development of hardware and software have stimulated researchers
to experiment new teaching strategies. Such tools play an important role not
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only to organize and manage the educational contents, but also to deliver it by
using meaningful visual representations. Despite recent advantages on eLearning
technologies, yet much work remains to be done in terms of eLearning content
creation. So far, several methodological proposals to design eLearning educational
contents have been introduced and discussed. But, a didactical methodology to
create educational contents based on specific guidelines is not yet available. In
addition, the production of a high quality of learning material is important for
students that use eLearning environment.

A common idea among eLearning developers concern the content creation,
which takes much time and energy and often the course deliver insufficient
and appropriate didactical contents. Thus, the eLearning researchers’ community
challenge is to develop new didactical approaches, in order to improve the content
creation process. To this end, during the CoMSON project, we have tested and
proposed to the involved partners, to experiment a didactical methodology oriented
to create eLearning contents.

Taking into consideration the diversity of the content creation, the University
of Bucharest has developed a set of eLearning materials and courses based on
Bloom taxonomy. Their contents included not only theoretical description of the
numerical optimization, but also practical applications and pseudo-code to test
problems and models. The theoretical aim was to introduce to the students the
optimization methods, giving them a well understanding of the algorithms. Tutorial
documentation and other didactical material were delivered to the students as
cognitive support to improve their skills.

Section 9.6 ends with the presentation of a document which was distributed
among the participants to CoMSON, providing some hints and suggestions to
turn available didactical material into seminal eLearning courses. The outcome
of this strategy for obtaining learning contents was not promising. Indeed, in our
experience a dedicated financial effort is needed specifically for learning contents
creation, and this possibility of investment was not available within the scope of the
project, whose main aim was research and training.

For this reason, the last part of the eLearning activities within CoMSON took
to a different view, exploring the possibility of using a blended learning approach.
This methodological approach, described in Sect. 9.7, was based on Problem-Based
Learning (PBL) teaching strategies. In addition, the PBL consider the assessment as
integral part of the students’ learning process.

Thus to test this methodology we designed and performed two empirical ses-
sions, whose aim was to involve University students’ to create educational contents.
All the students worked in groups and their developed specific topics according to
the course programme. At the end of the course, the teacher evaluated the students’
project analysing the quality of the educational contents. In this phase, we did not
evaluate the educational value of the developed contents, from a learning standpoint
for other students.

In Sect. 9.8 we describe the platform evaluation, commenting on the results of a
survey conducted on the actual users of the CoMSON platform. According to the
CoMSON project aims, we evaluated the information system architecture designed
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and developed. The basic questions concerned to know the user opinions’ to use
about the communication tools (e.g., mail, eLearning platform, etc.) used during the
CoMSON project activities.

Finally, we underline some perspectives for future work. Recently, a number of
new eLearning applications have been developed. The future challenge is to design
and implement advanced eLearning functionalities based on GUI that provide
easy interaction modalities attracting the students’ interest. Then future work in
the eLearning field, not only for microelectronics applications, is to address the
problems concerning the didactic effectiveness of the eLearning applications and
new procedure to create educational contents.

9.2 An Overview on eLearning

9.2.1 An Historic Perspective

eLearning, as we know it, is a relatively recent methodology. Nevertheless, its roots
go back to the beginning of last century. The first teaching machines were developed
by the U.S. psychologist Sidney Pressey in the early 1920s [62]. These tools were
based on a very simple technology which included the submission of applications
to the students, the assessment of the answers’ correctness and the subsequent
re-submission of the same questions in case of errors. The student’s behavior was
modified by the feedback obtained from the machine, as long as they would acquire
an accurate knowledge of the contents.

From 1970 and until the early 1980s, Computer-Assisted Instruction (CAI)
became greatly widespread [43]. CAI systems were based on exercises that included
“drill and practice”, tutorials and Intelligent Tutoring Systems (ITS). In these
systems, the computer was programmed to teach students to acquire specific
knowledge and skills. For each answer, correct or wrong, subjects received a
feedback that could be either textual or graphical, such as a smile or an explosion.
To acquire knowledge and skills to the highest level, it was necessary to overcome
the lower levels to get to the higher ones [50]. These forms of learning were heavily
influenced by the behaviorist theories (based on the stimulus-response experimental
paradigm), that were unable to explain, or to encourage, the complex forms of
human thinking needed to learn the meanings, to solve problems, to transfer skills
to new situations, generate new ideas, and so forth.

More sophisticated was the ITS, a particular form of CAI system, developed
between 1980 and 1990 by researchers of Artificial Intelligence [56] and dedicated
to simulate problem-solving tasks, decision making strategies, etc. Specifically, an
ITS is an educational software that records the students’ work and gives back them a
specific feedback. The way in which a student performs a specific task is compared
with an expert algorithm that monitors the user’s behaviour. When the ITS detects
a discrepancy in the student’s learning performance, it proposes an appropriate
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tutorial as educational support. Since the ITS collects information on the students’
performances, it can evaluate the work done and provide individualized instructions
in the problem solving strategies, suggesting them which topics to improve. Thus
the ITS represents a first step towards a modern use of the technologies in the
educational field [66].

The broad development of the digital technologies have influenced the way in
which people access and manage both information and knowledge. This process has
radically modified the conventional concepts of education and training, promoting
new teaching methodologies. All these innovations have radically changed the
current educational and training viewpoints. eLearning use the modern Information
and Communication Technology (ICT) for learning purposes. ICT have shown a
great potential in providing new tools and services to support traditional educational
approaches. Strictly speaking, eLearning is a way of teaching and learning based
on the delivery of online educational contents, via all available electronic media,
including Internet, intranets, extranets, satellite broadcasts, audio/video tapes,
interactive TV, and CD-ROMs. Thus, technology is used for designing, distributing,
managing, spreading, and assessing training by carrying out personalized educa-
tional paths [72].

Web-based instruction studies have given considerable attention to flexible
curricula, in order to provide adaptable and personalized learning programs [45].
Specifically, curriculum sequencing aims at designing and delivering optimal
students’ learning paths. This is useful since every learner has different background
profile, preferences, and learning goals [28]. In this perspective, eLearning concerns
the computer-based implementation of an educational system, where teacher and
learner work together to achieve a common educational goal. In order to improve,
from a cognitive point of view, the learning process using eLearning systems
it is necessary to consider different characteristics, such as student’s cultural
background, technical and software equipments, and cognitive abilities of the
students.

In the more recent years many educational systems and didactic approaches have
been developed in the eLearning field, aimed at supporting students’ interaction with
digital educational materials [24]. These systems are based on adaptive algorithms
that analyzing the subject’s cognitive profile are able to create personalized learning
paths. In an educational adaptive system, the optimal learning path aims at
maximizing a combination of the learner’s understanding of the courseware and
the efficiency of learning.

The conceptual framework of eLearning can be summarized in the sentence “any
time, any place, anywhere”, that is, supporting students and teachers that live far
from schools or universities and then increasing the life-long education cycle. This
general program underlines a dramatic change in the traditional learning paradigm.
The foreseen new learning paradigms should make provision for [40, 61]:

• An active and participating role of learners.
• A strong sense of presence and belonging (groups, working communities, virtual

classrooms).
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• A personalization of the learning path, by means of an articulated system of
instrumental and human resources at disposal.

• A thorough exploitation of network hypertextuality as place, mean and social
environment of learning.

The core of eLearning is the platform for managing the distribution and the
use of educational material dedicated to training. An eLearning platform supports
administrative functions, such as student’s registration, assessment, and tracking
of user’s attendance (number of accesses, connection time, evaluation, and test
results, etc.). Along with these services, an eLearning platform should also have
interactive virtual classroom equipped with suitable tools [10]. A virtual classroom
is an interactive environment where users can interact in a synchronous way (e.g.,
videoconference, audio conference, chatting, etc.), and an asynchronous way (e.g.,
web pages, web forum, e-mail, document repository, etc.), or in mixed mode.
However, both communication modalities are available on Internet (e.g., streaming
video, streaming audio, etc.). In fact, the main characteristic of an eLearning system
is to overcome the obstacle of geographical location and to minimize the time
constrains [4, 6].

In recent years, many educational and enterprise institutions have adopted
eLearning systems to promote lifelong learning programme. This phenomenon has
been favored by the Internet era, the development of communication and network
technologies, the improvement of network bandwidth and quality, the real-time
transmission of high-quality video and audio contents. In spite of this technological
innovation, many studies underline that eLearning is still based on online newspaper
form and information transmission, and it fails to provide a higher level of learning
that would differentiate it and make it better than the classical classroom [23].

According to Alexander [3], four aspects should be considered to design a
successful eLearning system:

1. Students’ learning experiences.
2. Teachers’ strategies.
3. Teachers’ consideration and preparation.
4. Teaching/learning environment.

Chen and Zhang [17] underline that often individual differences, such as
background, goal, learning style, that exist among the learners are not taken into
account when an eLearning system is developed. In order to reduce the “cognition
overload” and disorientation, they have developed an eLearning architecture called
Adaptive Learning System, based on Learning Style and Cognitive State, able to
select the learning contents according to the learner’s cognitive style.

Numerous benefits come from eLearning. For instance, according to Kirschner
et al. [40] it increases the students’ skills improving their training and educational
strategies; the learner can study according to his/her own work place; the contents
are always available at a low cost because it is sufficient to have an Internet
connection. Among the eLearning disadvantages we can mention the lack of social
interaction, the high cost to assembly learning materials in a multimedia format,
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the high costs necessary to constantly update the contents and to provide tutorial
support, so that instructor and tutor may not always be available on demand, and so
forth. However, most of the aforementioned disadvantages can be overcome by the
blended learning approach, where different learning style are mixed.

Yongxing [78] reports a case study on blended learning, underling that the
latter modality of learning provides a good principle and idea for the choice of
learning methods when eLearning tools and environment become more and more
popular. Moreover, the methods of blended learning may vary from time to time,
place to place, person to person. Therefore, Kang and Fengli (2007) suggested
that the key of blended learning is to transfer knowledge to a “suitable” person,
in “appropriate” time, with “appropriate” technology, with “appropriate” teaching
style and “appropriate” e-teaching methods [38].

Another recent innovation concerns the emergence of social networks comput-
ing, which opens new opportunities for institutional learning. Social network tools
empower users to produce, publish, share, edit and co-create contents, offering new
opportunities in the learning field. According to Ala-Mutka [2] digital social net-
working offers new participative functions and new ways for cooperation supporting
and facilitating knowledge exchange and collaborative content production. All these
services are encapsulated in the Web 2.0 technology. Web 2.0 represent the second
generation of Internet-based services that facilitate the online collaboration among
users.

Universities and other educational institutions use social networking technolo-
gies as a strategy to discover new and innovative ways to enhance learning,
facilitating collaboration and knowledge exchange. So, Web 2.0 can really support
Universities and Companies to design and implement independent, autonomous and
personalized education systems – i.e., learners are able to set their own learning
goals, to develop critical thinking strategies and plan the cognitive strategies to
achieve these goals [33].

In last years many educational services have been developed. The aim of
these systems is to support both teachers and students, not only in the creation
and communication of educational materials, but also as an scientific setting to
experiment new didactical methodologies to enhance the learning process. For
example, Classroom 2.0 website, is a virtual social network environment for
teachers. It offers them help and advice to use in the classroom Web 2.0 tools
for students’ learning. Some of these services are discussion forum to exchange
ideas and didactical experiences, and other social tools to create interpersonal
relationships.

9.2.2 eLearning in Microelectronics Industry

So far we have discussed general concepts in eLearning. In the second part of this
section, we specialize these general concepts to the specific field of Microelectron-
ics.
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Microelectronics is a field characterized by high specialization and a high level of
innovation. By enabling technological innovation in other sectors, notably informa-
tion technology, communications, and manufacturing, its impact is both profound
and enduring. It is an innovative field which includes advanced technologies and
requires specific competences to control sophisticated software systems to design
and implement new devices [5, 6].

The development of professional and personal abilities in microelectronics is
more and more important not only for engineering students but also for human
resources that work in industry. Designers and researchers use daily software
applications for design, simulation and manufacturing electronic devices. In the last
years we have witnessed a rapid development of both new microelectronics devices
and technologies, changing the skills required by the technical personnel employed
in this field. Besides, international competition and global economy represent a
continuous pressure for microelectronics industry.

In this global scenario, the capacity to handle information, knowledge, and inno-
vation is central for microelectronics industry. To face this worldwide competition
many industries and companies have adopted advanced educational and training
strategies to rapidly improve the competences of the internal people. This strategic
choice involves substantial investments in human capital and active absorption of
technology, not only to introduce new best practice manufacturing system that
integrate automation, process and product innovation, but also to experiment new
educational solutions to optimize the learning activities of the internal resources.
Industrial organizations have the need to improve the internal training strategy
developing new educational environments.

Today training environments for web applications try to satisfy the above men-
tioned needs by developing new interactive educational tools satisfying not only the
industry needs but also the final user’s requests. The current educational approaches,
like constructivism, do not use all the potentialities of the web technologies to
create and manage didactical contents in a productive way. This limit comes from
the fact that the web environments do not always support the user needs from a
cognitive perspective. To overcome this limit, many organizations prefer to use
traditional didactical approaches, because their principal aim is to assure that the
human resources can change in a productive way, improving the competitiveness.

To support the industry needs, many software houses offer the industrial com-
panies not only software systems to design electronics circuit, but also educational
support by using web technologies. For instance, Cadence has developed a flexible
Virtual Classroom to train users in live training events. It is possible to attend virtual
lectures, participate in laboratory exercises, ask questions, and receive feedback
simulating the classroom didactical activities. Cadence virtual classroom offers the
users many educational opportunities that cover the main topics concerning design
and implementation in microelectronics, with the goal to facilitate the adoption
of Cadence solutions. Mentor Graphics is another company active in electronic
design automation which delivers didactical contents in microelectronics, by using
online learning with interactive hands-on activities. Virtual environments allow to
the subjects to manipulate virtual commands of the software interface, simulating
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real context applications. Virtual systems reproduce the software interface without
changing the visual organization.

Although both Cadence and Mentor Graphics have realized virtual educational
system devoted to the microelectronic learning, the educational functionalities of
these platforms are locked and cannot be easily customized.

However, microelectronics industries have been investing a lot of economic
resources to develop autonomously high educational systems that provide an
efficient learning environment. The integration into web of learning materials for
microelectronics is an ideal approach for training professional people to learn new
skills. In this process, the knowledge flows from University to Industry and vice-
versa is especially relevant. On the one hand, it is often apparent a mismatch
between what is usually taught in university courses in electronic engineering
and what are the real needs of microelectronics industry, and a direct contact
between University and Industry is beneficial to the quality of the university
education in microelectronics. On the other hand, University has an established
experience in education and training, which can be exploited for the setting of a
training environment for young employees in microelectronics Industry. Moreover,
Information and Communication Technology (ICT), and in particular eLearning,
can be an innovative bridge between Industry and University, enhancing an intrinsic
collaboration. This collaboration would ensure an effective transfer of knowledge,
integrating different perspectives of how engineering disciplines are coordinated in
both engineering and educational sectors.

In the last few decades, the European Union has supported this need for
information exchanges between University and Industry, funding many research
projects devoted to ICT applications in microelectronics, with the goal to design
and develop new educational materials and eLearning platform based on interactive
and multimodal environments.

For instance, the general objective of the project LIMA (Learning Platform
in Microelectronic Applications, 2003) was to design an eLearning system to
strengthen three leading educational centers in three dependent critical disciplines
of microelectronic design and test, with active support, guidance and feedback from
industry [59]. The resulting eLearning system is a web-based training platform with
the purpose to satisfy different user needs, applications and levels of extensions.
The main idea is to train people for conceiving, designing, verifying, and testing
electronics circuits and systems.

We mention also the project E-LIMM (E-Learning for Microelectronics Man-
ufacturing, 2004), which addressed the problem of the shortage of highly skilled
industrial staff in the microelectronics industry by creating high-quality training
and e-learning courses modules [58]. The goal was to apply new technologies such
as multimedia learning for training and further education of the people that work in
microelectronics manufacturing.

The project INETELE (Development of Multi-Media Teaching Material for
Interactive and Unified E-Based Education and Training in Electrical Engineering,
2006) has been carried out within the Leonardo da Vinci Programme funded by the
European Union, and involved eight universities from eight members states [36].



9 eLearning in Industrial Mathematics with Applications to Nanoelectronics 513

The aim of this project was to create a set of multimedia educational material and
software for basic education in electrical engineering, by using simulated animation,
virtual laboratory and final exercises for students assessment.

Finally, we mention the project CoMSON, whose activities are documented in
the present handbook. As an outcome of the project CoMSON, STMicroelectronics
(Catania sales, Italy) has experimented new ways to create educational contents
for eLearning courses, to be used for internal training. Part of this work was done
in collaboration with University of Calabria (Italy). The educational contents are
based on existing materials, which were translated in electronic form. The realized
courses cover basic and advanced concepts, theory, practice and analysis used
for microelectronics applications. In our opinion, this experience shows a novel
perspective in the possible cooperation between Industry and University, related to
the creation and delivery of educational contents by using eLearning methodologies.

9.3 An Integrated Platform for Advanced Training
in Microelectronics

The goal of the project CoMSON was “to realize an experimental Demonstra-
tor Platform in software code, which comprises coupled simulation of devices,
interconnects, circuits, EM fields and thermal effects in one single framework.
It connects each individual achievement, and offers an adequate simulation tool
for optimisation in a compound design space” [21]. This simulation environment
would be complemented by an eLearning platform and a virtual working place.
The eLearning platform would connect academic institutions and microelectronics
companies, which collaborated together to the design of educational contents, to
be delivered by the platform. The learning contents would be created by standard
authoring software. This is advantageous because the system virtually supports any
kind of course material that can be stored inside the web server. The virtual working
place was conceived as an interactive environment where researchers from different
nodes of the CoMSON Consortium could perform joint work, at distance.

As is immediately apparent just from the synthetic statement of the general
objectives of the CoMSON project, this was a very ambitious objective, both
from a scientific and an educational viewpoint. As we have seen in the previous
section, many eLearning environments are available, and many vendors provide
courses specifically designed for microelectronics industry. The problem is that
most of these tools and training material are not flexible enough to cover at once
the wide range of topics concurring in real microelectronics applications, keeping
track of the most advanced research results. Moreover, the eLearning courses
are usually detached from the simulation environments actually used in the main
microelectronics industries.

For this last point, it is worth noting that microelectronics teaching generally
involves the use of equipment laboratory with software tools where learners can
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perform experiments and simulations. In many cases, eLearning environments lack
of these properties making problematic to teach scientific concepts. Usually, eLearn-
ing platform include just specific functions that partially support the students during
the learning process. For example, many eLearning systems deliver educational
contents using video streaming, without or with restricted interaction mechanism.
If this approach works well for many disciplines, in microelectronics education it is
more problematic to adopt these systems with a limited interaction level.

An eLearning environment devoted to microelectronic should include different
typologies of tools such as virtual or remote laboratory, interactive software systems
to design and perform experiments, simulations and an interactive evaluation
systems to assess the achieved learning. The eLearning system should monitor
how subjects interact with virtual tools during the following phases: design,
implementation and test of an electronic circuit. The system should also provide
the user a feedback of the interaction, suggesting how to rectify possible errors.

Today many software houses that operate in this sector are inclined to share
information using remote laboratories. A virtual remote laboratory is an extension
of a real environment. It allows to the users to interact with the interface of a
system, safeguarding them from possible risks. Recently, microelectronics web-
based virtual laboratory architectures have been developed that allow to simulate
activities very similar to the conventional laboratory setup. Students first design
the circuit and then use Internet to access the virtual laboratory to implement it.
Mohtar and collaborators [53] describe an example of virtual laboratory architecture
developed to design and test microelectronics circuits. This system includes a
realistic Graphical User Interface (GUI) that exhibits the properties of a real
laboratory environment. The visual manipulation of the circuit designed in the
previous sessions, can be freely compared with other circuits or move some
components with other to verify how the system work.

As a further example, we mention iLabs, a virtual remote laboratory developed
by the MIT and accessed through the Internet [52]. The virtual laboratory archi-
tecture includes many functionalities which expand the range of experiments that
students can perform during their undergraduate studies and not only. One of the
most interesting functionalities of iLabs is that it can be shared across universities
or across other institutions. One of these platforms simulates a virtual laboratory
devoted to microelectronics.

We are well aware that to realize a virtual education environment that includes
the above-mentioned functions is a difficult task, but not impossible. However, this
approach requires a considerable effort by the developers to design a virtual remote
laboratory able to simulate all the phases that are involved in the activities within a
real laboratory. To achieve these goals it is important to design GUIs able to comply
with different user interaction methods.

Traditional eLearning environments adopt simple user interfaces with restricted
interaction modalities. Actually, many eLearning platforms use a standard architec-
ture based on a predefined set of commands that allows the users to manage courses
and educational material. This approach is fine if a teacher uses an eLearning
platform as a content management system to organize the lectures and to give
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Fig. 9.1 Structure of the
platform

support to the students with educational material, like lecture notes, tutorials,
exercises, and so on. However, the recent findings in computer system and Human-
Computer Interaction allow to design new eLearning platforms oriented to the
microelectronics teaching. In this vision, virtual remote laboratory represent the
future challenge to create innovative eLearning system to teach microelectronics
contents.

As we have written at the beginning of this section, the CoMSON project has
made a serious attempt to tackle the above mentioned problems. In fact, during this
project, we designed an integrated platform devoted to the microelectronics industry.
The main idea was to start from a set of advanced, scientific, research problems,
intrinsically multidisciplinary, and with practical industrial relevance, trying to build
around them a platform which would enable students, or young employees, to be
properly trained. This platform includes three main components:

• Information system.
• eLearning system.
• Simulation environment.

All three main platforms components are integrated through Graphical User Inter-
faces. Figure 9.1 shows the interconnection among the components of the platform
architecture designed to satisfy the project needs.

In the remaining of this section we describe the methodological procedure
adopted in developing the integrated architecture, called CoMSON platform, which
includes both the information system and the eLearning platform. The simulation
environment is discussed in Chap. 7 (on the Demonstrator Platform).
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9.3.1 User Needs Analysis

Following the Human-Computer Interaction methodology [25, 65], we collected the
user information with the purpose to design a platform able to satisfy the requests
coming both from the researchers that will work within the project and the students
that will use the platform for educational training.

The design of the platform is based on the user analysis carried out by means of
a questionnaire. The aim of this questionnaire was to gather information on the user
needs concerning functions such as: communication, development, standards, and
learning environment functionalities. The questionnaire was organized in five main
sections:

1. Individuation of the final users of the platform.
2. Authoring and development tools, such as collaborative and communication

tools and possible integration with specific software (for example, tools for the
simulation of electronic circuits, etc.).

3. Communication and learning tools, aims and use.
4. Design of delivery models that provide the learning materials and resources, such

as tools and communication services used in the learning environment.
5. General characteristics of the eLearning system and standards.

The questionnaire was sent to the group leaders in the different nodes of the
Consortium. The reason for this choice was that the group leader was the best
candidate to make an informed decision about the needs of the final users.

We collected and analyzed eight questionnaires which reflect the answer of each
node. Here we detail the results of the user needs analysis, showing some of the
most influential data used to design the platform.

In the past years the flexibility of Internet technology has favored the develop-
ment of applications that allow to perform scientific simulation by using interactive
educational environments. A virtual classroom, that is, the online environment in
which students and instructors interact, can be an environment with synchronous
interaction (the interactions happen simultaneously in real-time), or with asyn-
chronous interaction (the interactions are delayed over time). It is also possible to
have both kinds of interactions. This allows learners to participate according to their
schedule, and be geographically separated from the instructor. Figure 9.2 shows a
preference for both asynchronous and synchronous interactions.

Learning-by-doing is an educational approach which stresses the use of tools
to enhance the learning process (Fig. 9.3). A great number of studies in eLearning
focused on the importance to improve the learning strategies by using interactive
tools. These tools not only offer the opportunity to interact with theoretical ideas in
practical way, but also support the collaboration among students. The latter concept
is an essential aspect in the process of constructing a shared knowledge among
students.

To support the students’ motivations during the learning process, an eLearning
system should include many additional tools designed to deliver educational
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Fig. 9.2 Communication system in the eLearning environment
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contents (Fig. 9.4). Another important aspect of these tools concerns the possibility
to perform many simulations to test the students’ hypothesis, in so-called virtual
classrooms, which try to extend the physical environment and interactions of a
classroom to an online setting. Students can run simulations and manipulate objects
analyzing in real-time the obtained results. In some cases, hands-on applications
may be required.

eLearning is a collection of technologies, products, services and processes that
support the learning process. In order to improve these aspects, it is important to
design and implement specific Graphical User Interface (GUI) to connect these
different services [69]. Figure 9.5 shows the main needs of the final user involved in
the CoMSON project.

Assessment and testing are key components of any educational environment.
Figure 9.6 shows the importance of self assessment in learning, for the subjects
of the survey. The majority of the subjects chose the self-assessment modalities.
By using this approach, the platform provides a checklist to help students assess
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themselves. Self-assessment is a formal evaluation technique, which enables a more
fluid teaching and learning environment, which coincides nicely with the structure
of eLearning environment.

Figure 9.7 shows the educational objectives that the CoMSON eLearning
platform should satisfy during the project. In the initial phase, the eLearning
platform will be an experimental educational laboratory in order to define specific
guidelines to produce educational contents devoted to microelectronics field. After
this analysis, during the project we have designed guidelines to write and organize
educational contents in order to adapt it with the eLearning platform required.
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9.3.2 Platform Development

In order to develop the platform according to the user needs, we presented to the
CoMSON scientific management board the results of the questionnaire. During
this meeting we introduced a technical proposal aimed to define the design and
implementation of the CoMSON platform.

According to the users’ opinions, the CoMSON platform should possess the
following characteristics:

• To be easy to use.
• To offer user-friendly help.
• To easily integrate existing digital materials.
• To support audio communication.
• To give the lecturer the capability to administer her/his own courses and to

monitor the learners’ progress and participation.
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• To support multimodal interaction between the users through visual communica-
tion, and real-time display of users’ activities.

• To support live document sharing applications.
• To offer an interactive and shared whiteboard.
• To integrate eLearning environment with other systems (e.g. Demonstrator

Platform, Virtual Campus, and Virtual Working Place).

In short, users prefer a system that can support both types of communication and
training: synchronous training (on-line lectures from a trainer on a specific theme,
online meetings, on-line communication and collaboration between the members
of a user group on a specific theme), and asynchronous training (autonomous
training using interactive educational material and lecture notes, meeting minutes,
administrative information).

From the analysis of the questionnaire results we have also taken some decisions
on the following issues related to the eLearning platform:

• User. The final users of the eLearning platform will be students in micro-
electronics, but the system will be usable by microelectronics companies for
employee training. At this stage of the project, the courses are being tested by
CoMSON researchers, ERs (Experienced Researchers) and ESRs (Early-Stage
Researchers). After this test and with the appropriate modifications the eLearning
courses are made available to the general audience.

• Authoring. The underlying problems are: production of educational materials;
collection and adaptation of existing educational materials for the eLearning tool;
standardization of the educational material. In addition, all CoMSON partners
agreed on the following points: each contributing professor can decide whether
to take, or not, responsibility of formatting of the course. If some contributing
professor does not want to take part in the formatting phase, he/she should
provide the contributed material in any standard format for final adaptation. The
professors will have the responsibility of the written contents (even if researchers
will collaborate to write them). The writers will own the copyright of the written
documents. CoMSON has to certificate the quality of the contents of the Learning
Units, by university standards (certification of quality).

• Educational aims. The educational aims of the eLearning system are: fostering
research in Mathematics dedicated to industrial needs; training to use the main
simulation tools in micro- and nano-electronics. The users’ future professional
career will be: advanced modelling and simulation expert and designer.

• Educational contents. The eLearning system should provide tutorials on sim-
ulation steps (process, device, circuit, EM, optimization), including related
software packages as examples. In general, no previous knowledge is needed
by the user, but each Learning Unit has its own prerequisites. The eLearning
system includes a wide range of topics including: Modelling of semiconductor
devices; Introduction to electrical circuits; Electromagnetism; Interconnects;
Basic numerical analysis; Numerical methods for DAEs.
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The educational contents have been split in two categories: (1) Basic and (2)
Advanced contents. Each category will consist of a minimal number of Learning
Units (modules). The latter, will provide the modules on specific topics.

• Technical specifications. The educational contents should be importable by the
main eLearning platforms used by microelectronic companies, according to the
standards of IEEE P1484 [31] and Sharable Content Object Reference Model
(SCORM 1.2) [67]. No specific software is required to be known by the user in
advance.

9.4 The Components of the CoMSON Platform

As we have seen in the previous section, the CoMSON platform includes the
following components: an information system, an eLearning platform, and a
simulation environment (Demonstrator Platform). These components are connected
by Graphycal User Interfaces, which will be discussed in the following section.

The CoMSON platform runs on a HP IA32 dual processor Xeon 32 bit 2 GHz
frequency. The server has 15 GB of memory and two hard disk SATA architecture.
The system uses a base Operative System (Linux Slackware) which hosts the
following VMWare virtual machines:

(a) CoMSON, used as main communication and eLearning services.
(b) Kepler, used as Demonstrator Platform, with Current Version System (CVS)

service.
(c) Copernicus, used to compile source code in the Demonstrator Platform (DP).

In order to synchronize the time between guest servers we install the Internet
Systems Consortium – ISC- NTP Network Time Protocol server. A schematic
representation of the system architecture is shown in Fig. 9.8.

Next, we detail the main components of the CoMSON platform.

9.4.1 The Information System

The CoMSON information system provides three main functionalities:

1. Documentation, authoring and distribution.
2. Exchange of knowledge.
3. Communication environment.

This set of functions is intended to enable interaction and knowledge exchange
during the period of the project and after its completion. These services support the
communication process between students and teachers as well as among researchers
involved in the project. Ultimately, this initial user group will be enlarged including
different academic and corporate institutions, cooperating on research. Furthermore,
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Fig. 9.8 CoMSON system architecture

the communication platform is the place where seamless knowledge exchange
processes operate between academia and industry [10].

Its architecture, based on web technologies, enhances accessibility, ease of
use and ease of integration with the other elements of the system [48]. The
communication platform has been developed as an enabler for the above functions,
comprising a set of interconnected tools. These tools are: web services including
streaming server for content distribution; a forum and a mailing list system, for
communication; and a documentation environment, which is used as a central
information and document repository [1, 48, 64, 71].

We used Plone [7] as Content Management System (CMS) to implement
the communication platform of the CoMSON project. Plone is an open source
CMS built on Zope [75] application server. “Zope includes an Internet server,
a transactional object database, a search engine, a web page template system, a
through the web development and management tool, and comprehensive extension
support”. Plone, already, has a large user base and multitude of developers, usability
experts, translators, technical writers, and graphic designers who are able to work
with CMS [7].

The Plone workflow allows collaborative and cooperative management of con-
tent. Each object can assume different states. The objects state define whether an
object can be accessible by others users. The Plone workflow includes four states:
visible, pending, public, and private (Fig. 9.9).

The Plone team includes usability experts who have designed an intuitive user
interface and attractive to manage the information. Other services, such as mailing
lists, provide a channel to exchange information between registered users. There
are mailing lists devoted to the different tasks of the project and for administration
matters. This facilitates the communication among researchers on research and
administrative aspects of the project.
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Fig. 9.9 The default workflow for Plone content

Mailing lists are implemented using Mailman, the GNU Mailing List Manager.
Mailman is free software integrated with the web that allows easy management.
Users can manage their accounts and the owner of the list can manage the lists.

9.4.2 The CoMSON eLearning Platform

A learning information infrastructure includes hardware, software, delivery mech-
anisms, and processes to manage educational paths. Hardware refers to servers,
desktop computers, and mobile devices. Software refers to a Learning Management
System (LMS), which is a software application for the administration, documen-
tation, tracking, and reporting of training programs, classroom and online events,
eLearning programs, and training content. A strong information infrastructure
provides access to instructional content and support teachers and students to manage
educational contents and deliver them in easy way. Usually, the term LMS is often
used synonymously with learning information infrastructure, but an LMS by itself
is usually only part of a learning information infrastructure.

The LMS used in CoMSON is based on Moodle open source software [63].
Moodle is a Course Management System (CMS), also known as a LMS or a
Virtual Learning Environment (VLE). Moodle allows the management of courses,
didactical modules, real-time and differed learning. Among the tools available to
the teachers, we find authoring tools for creating lessons and assessment tests.
In addition, to these standard tools, we would like to spend some words on a
possible learning scenario, which might be consistent with the implemented Moodle
platform.
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The eLearning platform provides contents based upon the Sharable Content
Object Reference Model (SCORM) standard [67], which allows the creation of
standard contents that are exportable and executable on every SCORM compliant
system. Moreover, the SCORM standard is integrated with distributed technologies,
in order to develop a complete learning system. Intense research activity is ongoing
on eLearning technologies especially focusing on accessibility, interoperability,
durability, and reusability of components. Applying Web Service Technologies to
a SCORM compatible LMS simplifies the implementation and maintenance of the
LMS and gives web service consumers more choice in finding the services they
require [19].

Moodle, as well as similar VLEs, is designed to include the principal aspects
of the constructivist learning theory [27]. In particular it offers the possibility to
visualize (with animation), and to manipulate interactively, educational contents or
metaphors of learning objects. The constructivist approach is based on the learning-
by-doing approach, which emphasizes the active role of the student in building
his/her knowledge [8, 46, 77]. The active dimension of learning is realized by means
of virtual laboratories [12] that allow students to visualize (with animation) and
manipulate interactively, step by step, metaphoric representations of the functions,
modules and coupling paradigms for a deeper understanding of them.

The VLE foresees the development of a new generation of educational tools,
for example: 3D architecture of circuits, immersive virtual environment, intelligent
agents, avatars, and so on [22, 37, 70]. These new educational tools, offer a
computer-based approach for scientific instruction that provides a number of
advantages over traditional learning methodologies [49]. Students are stimulated
by manipulating objects that offer interactivity, authentic experiences, and a new
adventure in learning [54]. Therefore, our goal was to design an eLearning system
based on experimentation activity (e.g. virtual laboratory) and the scientific method
(e.g. simulation program write in Java and Java 3D language).

As each didactical context, students encounter different problems that are
completed by using the tools of the environment and the scientific method to solve
problems. In this way, the eLearning platform assures the maximum flexibility to
the learner, whose results are assessed in terms of performance on specific tasks.
Results of different studies have demonstrated a positive correlation between student
motivation to learn and classroom integration of technology [11]. In addition, recent
researches indicate that the use of technology in the classroom not only increases
the student’s motivation, but also improves achievement [11, 55].

The CoMSON eLearning platform provides three kinds of learning resources.
First, a repository of lecture notes, slide presentations, articles, book chapters, etc.
Second, it hosts interactive courses that can be used as a stand-alone learning
solution or blended with face-to-face lectures or seminars. Third, a simulation
platform that interfaces with the DP to provide educational simulations. This latter
section of the eLearning platform at this moment is not fully functional.
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9.4.2.1 Conceptual Aspects of the CoMSON eLearning

The CoMSON eLearning is based on constructivist methodologies, a set of assump-
tions about learning that guide many educational theories and associated teaching
methods [44]. Constructivism learning approach guides learners to conduct and
manage their personalized learning activities, and encourage collaborative and coop-
erative learning to improve critical thinking and problem-solving strategies. The
knowledge is constructed actively through the interaction with the environment. In
fact, the constructivist paradigm asserts that learning environments should support
multiple perspectives or interpretations of reality, knowledge construction, context-
rich, and experience-based activities [77]. In our eLearning platform, learners and
instructors can interact with different technologies, which support the students in
the acquisition of skill on specific topics [18, 47].

According to Horton and Horton [32], an electronic curriculum is composed
of individual courses, books, and other learning objects. Courses are typically
composed of clusters of smaller lessons, organized to accomplish one of the major
objectives of the course as a whole. At a lower level are the individual pages, each
designed to accomplish a single low-level objective that answers a single question.
Such units may also be called screens in multimedia presentations or topics in on-
line help. At the bottom level are media components. These are pictures, texts,
animations, and videos that contribute to design the page content.

Figure 9.10 shows the CoMSON eLearning conceptual model adopted to realize
the learning paths [68]. The CoMSON eLearning conceptual model includes five
sections or steps.

In the first step, “Introduction”, the platform introduces the educational aim of the
lesson, such as procedures, principles, concepts that will be discussed. The second
step is “Demonstration”. In this section the platform explains with more details,
by using as example results from scientific experiments, the concept introduced
previously. Next, with the purpose of improving the assimilation of new concepts,
the platform guides the learner through hands-on activities with the support of
virtual laboratory or simulation tools. These activities are based on constructivist
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approaches, emphasizing an active engagement of learners. For example, connecting
this section with the Demonstrator Platform (DP) through a Graphical User Interface
(GUI) so that the learners can perform experiments verifying concepts or testing
hypothesis. Then, the “Conclusions” section summarizes and reviews the theoretical
and practical concepts discussed during the lesson. Finally, the “Assessment”
section concludes the lesson. This module includes a synthesis of the main concepts
discussed during the educational activities.

The integration of different tools allows the application of innovative eLearning
methods and technologies based on the following aspects:

• Definition and development of educational paths for all researchers, including
internal training: using the information system, a web-supported documentation
and Transfer of Knowledge (ToK).

• Adaptation of the DP to training and educational needs: using suitable GUIs
which highlight coupling paradigms, important modelling issues, algorithmic
issues and all other issues analyzed in the training and educational paths.

• Creation of a virtual educational system, which transfers traditional classrooms
to an electronic environment based on: remote access for all system users, direct
interaction between students and lecturers/tutors, and support to communication
among students and teacher.

• A continuing education environment supplying information about the materials
and some general documentation of the platform: annual progress reports on the
project, software, online lectures, and communication tools.

The use of these approaches is supported by a full integration between virtual
tools and remote simulation by the DP environment. The full integration between the
eLearning platform and the simulation environment is a challenging technological
problem, which has not been fully solved during the project CoMSON. More details
on this topic will be given in the following section.

9.5 Graphical User Interfaces

In the previous sections we have introduced the eLearning platform analyzing
it from a technological point of view. The visual interface is another important
component of an educational platform.

The Graphical User Interface or, as it is commonly called, GUI is a crucial
part of a users experience with any computer system [69]. Why? It is the system
to most users. It can be seen, it can be heard, and it can be touched. The piles
of software code are invisible, hidden behind screens, keyboards, and the mouse.
Each user interface has essentially two components: input and output systems. Input
concerning how a person communicates his or her needs or desires to the computer
system. Some common inputs devices are the keyboard, mouse, and so on. While,
the output is how the computer conveys the results of its computation process and
requirement to the users. Today the most common computer output mechanism is
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the display screen and other systems that support the subject during the interaction
with the system.

User interface design is a subset of a field of study called Human-Computer
Interaction (HCI). HCI [15, 16, 25] is the study, planning, and design of how
people and computers work together so that the person needs are satisfied in
the most effective way. HCI designers must consider a variety of factors: what
people want and expect, what physical limitations and abilities people possess, how
their perceptual and information processing systems work, and what people find
enjoyable and attractive. Designers must also consider technical characteristics and
limitations of the computer hardware and software.

The goals of interface design are simple: to make working with a computer easy,
productive, and enjoyable, reducing the cognitive load during the interaction. In the
last years we have assisted to an improvement to the design and implementation of
the GUI [69]. The new generation of GUI includes a variety of new display and
interaction techniques that improve the dialogue among subjects and system.

9.5.1 User Interfaces in the eLearning Platform

In the eLearning environment, GUI should allow the interaction between user and
educational contents in an easy way with the purpose to improve the learning [60].
Clearly, not every student learns in the same way and not every curriculum should
be presented in the same manner. Students are different in their learning cognitive
styles, and different disciplines and contents require different presentations modali-
ties. An eLearning system often provides dynamic and adaptive environments which
allow to personalize educational materials both in terms of students learning styles
and type of contents to deliver. De facto, the best interface will permit the user
to focus on the information and task at hand instead of using complex interaction
mechanisms that impede the communication process and involve a strong cognitive
load reducing the cognitive resources.

It is known that the eLearning interface design is especially complex, as the
learning effectiveness and interface design are substantially intertwined. In addition,
a trend to reduce the complexity of the interface interaction is to apply the usability
approaches to evaluate the quality of the system interface [57].

Usability measures how intuitive, efficient, and pleasurable the experience of
using an interface application is, as well as how effective the application is in
achieving a user’s end goals [57]. The usability of an eLearning system refers to
how easy it is to use and learn the system. In online learning system contexts, the
pedagogic usability is also related to how easy and effective it is for a student to
learn something using the system.

For all practical purposes, the GUI of the CoMSON eLearning platform is
basically the interface provided by its Course Management System, which is
Moodle.
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9.5.2 A Graphical Tool to Visualize Scientific Data
in the Simulation Platform

The main goal of the Demonstrator Platform (DP) is to train new recruits in
the field of microelectronics. To do this, a series of modules have been created
each one tackling a different problem. These modules, created by the researchers
in CoMSON, provide tutorials that explain how they work and to allow the
visualization of results.

These tutorials use OpenDX to visualize data obtained from DP simulation.
OpenDx (Open Visualization Data Explorer) is a scientific visualization software
developed by IBM [35]. This software can operate in complex domains along with
measured or computed data. The OpenDX project started in 1991 and can do 3D
visualizations that represent the output values as color or gray scale coded, or as
vectors streamlines and ribbons. It also offers the advantage that the graphs can be
viewed form the inside or make cuts and represent the data in the cutting plane.
The graphs can be rotated and visualized from any angle and animations of these
movements are produced.

OpenDX provides a simple toolkit that allows the user to manipulate images
and modify different aspects of the visualization. Through a window menu the user
selects a series of blocks that perform actions to visualize data. To visualize the
results of the development platform modules using OpenDX the requisites are:

1. CoMSON DP installed.
2. OpenDX installed.
3. BIM-MSH-FPL packages loaded.

Once these programs have been installed the user can call the packages and be
able to visualize the results. The user has to follow these steps:

1. Move to the example directory.
2. Start octave.
3. Prompt run_test at the command line.
4. Exit octave.
5. Use OpenDX to visualize data.
6. Repeat the procedure changing equation parameters.

This allows the user to visualize the results produced by his/her code. Then the
user uses the interface provided by OpenDX to select the modules that the data is
going to be filtered through. Finally running the data through OpenDX the user can
visualize the solution.

The user then can change the parameters that he/she is using, to see how the result
changes. It is this exploration of the problem through visualization that allows the
user to learn and master the topic.
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Fig. 9.11 Interconnection architecture

9.5.3 Interfacing the Components of the CoMSON Platform

Another task of the eLearning research group was to design and develop a GUI to
connect the eLearning platform with the Demonstrator Platform (DP). According to
the design guidelines, an application should be inviting to use. It should contemplate
all the information and tools necessary to the user to complete tasks quickly, and
it should guide them with an appropriate feedback. To apply with success the
design principles, one needs to understand the user requirements and tasks. To
understand how a final user might interact with a visual interface, it is useful to
formulate a simple functional model of the functions. Figure 9.11 provides a visual
representation of the components that make up the GUI system and the services
that will be possible to activate. This is not an architecture model of the system,
but rather a conceptual model that we can use to realize the GUI product and their
functionality connected with the eLearning platform.

This interface will be realized in Java language and will allow the users to
perform test and simulation realizing electronic circuits. To obtain this results, we
design a prototype architecture of the interconnection based on two-tier, namely
client/server architectures in which the user interface runs on the client and the
database is stored on the server. A first, core tier is used to transfer inputs to the
DP and to collect outputs from the DP; a second tier is used as a user interface layer
(input entry, output presentation) and communicates exclusively with the core tier.
The DP is basically a shell environment that users can access remotely via SSH
service provided by the host machine. A simple approach to designing a core tier
is to define a system that establishes and manages a SSH connection to a remote or
local DP, and exchanges commands (inputs) and outputs using the DP shell.

Based on such core general design, the GUI tiers will be designed in order to
support more or less complex user interactions and visual representations on the
basis of user needs and suitability for specific learning objectives. The approach
used to implement the interface architecture is shown in Fig. 9.11. This remote
interconnection architecture provides the functionalities that let the user complete
use the input and output capability of the DP to take full advantage of the DP’s
computation environment. While the core tier is concerned with exchanging flows
of information (inputs and outputs) with the DP, the user interface tier will have the
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task of translating specific user interactions into such flows. In the Sect. 9.5.2 of this
chapter we show how the DP output is visualized on the screen. The interconnection
architecture shown in Fig. 9.11 raises several technical issues. One issue is the
availability of open source components that implement for example the SSH layer,
the management of graphical widgets and so on. Another issue is the integration into
standard web browsers, commonly used as client applications to access a Learning
Management Systems.

The technical problems posed by the above needs and by the consequent
design, have not been fully solved. Nevertheless, during the project CoMSON
many attempts have been made to build some effective 3D GUI prototypes. In a
first prototypal scenario, testing an industrial case study [9], the GUI would offer
three working environments: the model sculptor, the algorithm sculptor, and the
model inspector. The first two environments are 3D authoring tools for, respec-
tively, designing and manipulating mathematical models (equations) representing
the devices and for designing and manipulating algorithms providing numerical
solutions to those equations. The third environment is a tool for inspecting the value
of variables in the model during simulation time. The manipulation and exploration
of models and algorithms provided by the proposed GUI might be useful in contexts
where learning by exploration and design by exploration are common approaches.

Another direction of research for possible design solutions for GUIs between
different components of the CoMSON platform aimed at exploiting the advantages
and the potentiality of the third dimension. It has been suggested that interfaces
based on this concept will allow to design new virtual environments that include
more interactive functionality [9, 68]. This line of research was not deeply developed
during the project, but it was possible to realize, as a proof of concept, a 3D virtual
environment [14, 39] that includes an avatar which can be controlled by the final
users. In this virtual environment each room has a theme related to microelectronics,
where the user can find different educational objects such as images, interactive
movies and so on. The user is free to move his/her avatar exploring the environment
and moving from one room to the next. The virtual environment is provided with
3D agents that can be used to gather information on request, to get suggestions on
exploration paths and to have support in accessing other services [29].

In this experimental interface, the users are immersed in a virtual context which
is populated by other users and virtual agents’ avatars acting as tutors and guides.
An example of avatar is shown in Fig. 9.12.

Avatars act as cognitive support for the students that use an eLearning system.
The support is crucial because it stimulates human interaction among students,
especially in the autonomy model. Usually, the support consists of personalized
help for each student as he/she encounters an issue in problem solving tasks, and
should be contrasted with the traditional educational activities, in which one teacher
delivers educational contents for many students. Traditionally, the avatar shows
adaptive behavior to increase the comprehension of each student from a cognitive
point of view.

In this scenario, the eLearning system is based on the hypothesis that the
manipulation activity improves the learning [34]. Therefore, our goal is to design
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Fig. 9.12 Example of avatar

and develop an eLearning system based on experimentation activity (e.g. virtual
laboratory) and the scientific method (e.g. simulation program written in Java
and Java 3D language). A virtual laboratory might show some examples of the
microelectronic technologies. It should be furnished of interactive animations and
pictures that allow the user to interact with different learning materials. Users will
be able to study different processes alive. In some virtual laboratory rooms, students
can change the parameters of the objects and see how these will affect the final
result. Also, animations and other educational materials are supplied with specific
descriptions.

The use of virtual environments in eLearning is one of the most promising
applications because it allows the subjects to interact with virtual objects, improving
conceptual and practical abilities [13]. Learning through experimentation is an
important strategy because it supports students during problem-solving activities.
An active and collaborative learning environment provides a powerful mechanism to
enhance depth of learning, increase conceptual retention, and get students involved
with the material instead of passively listening to a lecture [30]. For this reason, a
virtual environment should be based on five categories which included the following
aspects:

1. To work on real-world problems into the virtual environment.
2. To provide the students with scaffolds and tools to enhance learning, in the virtual

environment.
3. To give more opportunities for students and instructors to share ideas and to

collaborate using technological tools, working on common projects.
4. To build virtual educational communities to expand learning opportunities in the

microelectronics field.
5. Integration between collaboration, sharing tools and simulation environments

embedded into the eLearning platform.

Each category poses an opportunity for technology integration, and a successful
integration increases both the technological skills and the content knowledge.
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From a methodological point of view, the informative system integrates a
multidisciplinary approach, in order to share both educational contents and tools.
Academic partners and industrial companies participate to implement contents and
tools to integrate within system. The main goal of the platform architecture is
to improve the integration between documents and tools for a better usage and
collaboration by the consortium members and its future as a learning tool. This
integration facilitates the collaboration and improves the learning.

9.6 eLearning Contents Creation: Methods and Strategies

eLearning scientific education is often difficult to sustain. Educational content
creation is often time consuming because both technological infrastructures are
not always user friendly and in some cases teachers needs to rewrite educational
contents adapting them to the eLearning platform. According to Minato et al. [51],
the eLearning content creation shows many problems:

• Contents are often insufficient or inappropriate.
• Content creation takes much time and energy.
• Quality production entails significantly on financial cost.
• To obtain an effective educational content it is necessary to perform many

revisions.

New ways of teaching and learning are made possible by a variety of new
technological applications, on-line resources and virtual environments, as well as by
new didactical approaches to deliver educational contents, based on problem solving
strategies. Today these changes are not only more evident, with the enormous
increase of ICT in use, but also even more significant because of the new advanced
modalities it is possible to carry out.

All these new technological tools used in educational context require that
teachers acquire new teaching methods for the new generation of the students,
who have grown up with new technologies. Moreover, teachers need to acquire
conceptual and practical skills to create educational contents to be delivered by using
an eLearning platform. In most cases, reviewing a course and responding to current
needs is perhaps done intuitively and without a formal procedure.

Nowadays, the educational community is well aware of the importance of
updating curricula and methodologies in response to the changing requirements of
the information society. Developing a new course or changing an existing teaching
approach is likely to feel discouraging, time-consuming and risky, especially when
technology is involved. These risks and concerns can be significantly diminished if
a more explicit approach is taken to evaluating needs.
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9.6.1 General Methods and Strategies for the Development
of an eLearning Course

Notoriously, eLearning contents creation is a difficult task, because it concerns
different aspects such as conceptual (learning approaches) and operational ones
(technology and infrastructure). On the other hand, it is important to consider other
relevant aspects, such as planning, design and evaluation process. In this framework
it is important take into account the cognitive processes of the user that attends
an eLearning course. The choice of a conceptual learning model is expected to
influence the design of the eLearning environment and then the learning process
of the students. The conceptual aspect involves abilities to organize the didactical
contents in an easy way and to apply educational strategy to design the learning
paths. Hence, many learning approaches have been defined, which suggest how to
organize the lesson contents integrating theoretical and empirical aspects.

The main idea of the educational approaches is to create a virtual environ-
ment where learners can share knowledge and are engaged in a communication
process that makes the learning process more active. The operational approach
concerns abilities to use software to create educational contents such as animations,
simulations, graphical images, movies, online assessment, useful to improve the
quality of the learning path making it more attractive. Besides, a teacher should
know how an eLearning platform works, to adapt the educational contents to the
features of the platform. An eLearning system requires specific competences and an
interdisciplinary team able to support the teacher.

An eLearning application represents an intersection among contents, and design,
learning and cognitive strategies. More specifically, developing an eLearning course
that successfully delivers educational contents requires the joining of many different
skills: technical, psychological, pedagogical and computer graphical skills. All these
aspects represent the core of an eLearning application. It is possible to summarize
all these needs by taking into account the following criteria:

1. Plan the eLearning project. This is a preliminary step in which the available
resources and other aspects to realize the eLearning contents, are evaluated.

(a) Estimate the economical and human resources needed to realize the educa-
tional system and its contents.

(b) Define the criteria to analyze the user cognitive profile. Knowing the final
user profile will allow to organize appropriate educational contents.

(c) Create a project plan of the eLearning paths needed to deliver specific
educational contents. This is the final phase of the first step and concerns
the organization of all the activities.

2. Choose the eLearning platform. Many eLearning platform today have been
developed. For example, Moodle is the principal platform used in academic
context.
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(a) Design the layout of the system. In many cases, the design needs to be
improved creating new functions.

(b) Improve the interaction quality of the system. It is possible to use the
standard applications of the system or to design new functions that improve
the quality of the learning.

(c) Create a visual theme. This aspect concerns the quality of the graphical
layout of the system.

3. Develop educational contents. After this initial planning phase it is possible to
start with the next step that involves the creation of eLearning contents.

(a) Design the learning paths. Each learning path should cover a course’s
contents, including the main topics and subtopics, pre-tests or practice
sessions, overviews, quizzes, and summaries.

(b) Develop the Learning Objects (LO). A LO is a piece of knowledge that
include all parts of the educational process: lesson, assignment, evaluation
and so on.

(c) Choose an instructional approach. There exist several approaches to deliver
educational contents. It is possible, to combine text and other media elements
in order to attract the user’s attention.

4. System evaluation. This final step concerns the usability evaluation of the
eLearning platform and then of the learning objects.

(a) Usability of the eLearning platform. Evaluate the quality of the interaction
with the interface of the system.

(b) Test the quality of the developed eLearning objects. Test the quality of the
educational contents before delivering them.

9.6.2 Some Examples of Course Implementation

Creating eLearning materials is a complex task with attention to delivery effective
material as well as providing learning path to encourage future study of the
audience. According to requirements and existing background of the students, a
course should provide flexibility and exploit full potential of the learners. Within
CoMSON, the Bucharest node implemented an eLearning course on optimization
[73], which is one of the important aspects of the project and collaboration
scheme between project’s nodes. Thus, the connection between optimization and
eLearning modules was strengthened with the deployment of a code on the
Demonstrator platform, involving actions from Bucarest (Technical University),
Catania (STMicroelectronics), Calabria (University) and other nodes [42]. Materials
were presented in a form of a Moodle course, and the programming source code was
made available as Octave and Scilab implementation. Widely available and open
software to solve these tasks were primarily used.
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OPT book content

Introduction to Optimization Problem

One-dimensional Minimization – Zero Order Algorithms
Based on Searching Methods

One-Dimensional Minimizations - First Order Algorithms

Multidimensional Minimizations - Deterministe Methods of
Order Zero. The Descendent Simplex Method

Multidimensional Minimizations - First Order Deterministe
Methods. Conjugate Gradient Method

Multidimensional Minimizations - Deterministic First Order
Models. Quasi - Newton Methods

Multidimensional Minimization - Stochastic Optimization
Methods. Genetic Algoritnms.

Professional Software for Solving the Optimization Problems

Multidimensional Minimizations Application. Helmholtz Coils

Multidimensional Minimizations - Zero Order Methods

Application to the One-dimensional Minimizations

Fig. 9.13 Numerical optimizations handbook

Numerical optimization techniques is an advanced effective module for under-
graduate and postgraduate students at the University Politehnica of Bucharest. The
optimization course’s purpose is to present the fundamental concepts and main
numerical optimization methods used in scientific computing and the computer
aided design of electromagnetic devices. The courseware is developed in two
languages – local language of academic partner node and English. The English
version is a translation of the original Romanian book [20]. The book was widely
used locally especially by the final year students from the Computer Aided Electrical
Engineering Department.

Taking into consideration the diversity of the optimization problem encountered,
algorithms and computing programs, it is difficult to initially find existing solvers
that are optimized and efficient for a particular real problem. Usually, for solving
a real problem, an appropriate baseline algorithm, as close as possible to the
encountered problem must first be selected. The offered course presents not only
the theory, but also practical applications and a pseudocode for test problems and
models from the main approaches used upon which a more refined solution can be
developed (Fig. 9.13).
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With the creation of online contents on CoMSON DP, students now have easy
interactive access to the course. When used in conjunction with another materials
on Bucarest’s ROMI (Reduced Order Modeling Interactive) on the CoMSON DP,
they can exploit the algorithms and write the codes in order to gain a deeper
understanding of the theory, the methods, their advantages and drawbacks. The
theoretical presentations of the optimization methods at the beginning of each
chapter prepare students and give them better understanding of the methods
algorithm. For solving recommended tutorial problems, they can also use code
sources available in Octave language on DP and expand upon them. Exemplary
codes can be archived and showcased for future use.

Materials are arranged to develop higher-order thinking skills in students and
successfully meet the cognitive domain educational objectives outlined in Bloom’s
taxonomy of educational objectives. The presented pseudocode for a number
of optimization routines and the implementation in high level GNU language
Octave and in Scilab, encourage students to experiment with the code for a better
understanding, analysis, synthesis and evaluation of the available solutions [74]. By
means of different representation forms and possibilities of interactively exploiting
the code, better understanding and training results can be achieved.

In addition to the classical optimization procedures, mostly oriented for graduate
students, the course includes genetic algorithms (Particle Swarm Optimization
and Intelligent Particle Swarm Optimization) code. Moreover, industrial CRS
(Controlled Random Search) global optimization algorithms, implemented by
STMicroelectronics, was prepared and deployed on DP. Due to the purpose to
support legacy and consistence of the code, it was presented in a form of program
interface for Octave.

Besides the optimization handbook and the scientific optimization code,
Bucharest node has developed a set of eLearning materials to support user in the
creation of eLearning course. That set included eXe tutorial, LayoutEditor tutorial,
professional communication course and information about technology supported
learning and training.

As an addition to the professional training, many software solutions with descrip-
tive materials were developed. For a better user’s understanding and evaluation of
the complex 3D forms, LayoutEditor was used. Using imbedded script-language,
a subset for visualization was created (Fig. 9.14) in assistance to represent form
of the circuit in the way for interactive exploration. For the purpose of further
calculation a solution was created [26] to visually identify fundamental loops on
the gds layout for extraction of the self and mutual reluctances using Finite Integral
Technique (FIT) between the hooks of Manhattan shapes (union of rectangles) for
further calculation in mathematic software (Fig. 9.15).

In practical applications students are expected to have not only information,
but skills with existing mathematical applications, such as meshing strategies [41].
Therefore, the created materials were oriented not only to deliver knowledge to
students, but also to offer them solutions for real task and develop knowledge in
different areas.
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Fig. 9.14 Visualization of the layout

9.6.3 Practical Strategies for eLearning Contents Creation

Several factors affect the success of an eLearning course. In practical terms, we can
reduce them to: time, money, competence, and technological infrastructures. These
are the main aspects that enable to achieve both the didactical and the learning aims.
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Fig. 9.15 Visual loop identification on the layout

The task of the eLearning research group was to realize an eLearning system
for micro and nanolectronics, including the design of a learning path to manage
educational documents and a Content Management System (CMS) to store, update
and retrieve the educational materials. Unfortunately, the CoMSON project did
not have specific funds devoted to design and implement educational contents for
microelectronics, so it was not possible to adopt all the steps of the methodolog-
ical approach mentioned before. For this reason, initially we analyzed different
approaches to design, implement and deliver eLearning contents. Then, the real
problem was to translate this preparatory study in action, that is, creating eLearning
contents in microelectronics.

Since CoMSON project was devoted to training the researchers, its participants
were mainly specialized in the microlectronics topics. In some cases, participants
also held university courses, and some traditional educational material was avail-
able, in other case only some research papers were available. Thus, we made
an attempt to translate traditional educational materials in eLearning contents,
or to create new materials based on research papers. The idea was to ride out
the economic limitations, suggesting an easy way to produce eLearning contents,
involving all partners of the project consortium.
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This was done by distributing to all participants a document with some
guidelines for the realization of educational material. The document, called
“learning@CoMSON”, introduces the main conceptual aspects and some practical
strategies to create eLearning contents.

9.6.3.1 Learning@CoMSON

As for the conceptual aspects, they can be summarized by the following questions:
What is a learning path? Why is it important? And how to create it? How to create
a learning unit, and how to edit existing material to create learning units? These
concepts are useful when creating a course, which is nothing but a hierarchically
organized collection of learning units. The minimum required materials for the
creation of a course are: a text file with the learning path, materials for the course
(e.g. derived from teaching material), and materials for the assessment of the course
(e.g. derived from homework and exams).

1. What is an learning path?

Learning Path, a methodology developed by Jim Williams and Steve Rosenbaum
[76], is a practical approach to produce an effective sequence of training, practice,
teaching, and experience to reach specific competence in a particular field. A
learning path is a guide that describes the necessary steps that a student should
take to learn a concept or a skill. This is very similar to the outline of the course. A
learning path is created as a helping guide to create a course.

The learning path is composed by a series of Learning Objects (LO) that
are independent educational modules interlinked with each other. These LO are
organized from simple to complex so that, as the student masters the simpler
tasks, he/she builds on that to learn more complex tasks. In order to make these
learning objects reusable in other courses, they should be complete and coherent by
themselves.

Each module should have the following elements: a goal, a description or expla-
nation of the subject and assessment for the concept explained. When developing the
learning path, we should have in mind that the student will take the course without
an instructor so every single step in the learning path should be present. We cannot
assume that the student is brilliant and will be able to solve it by herself. We should
provide a complete and coherent path.

Learning path is a general concept, for example we can have a learning path
for a Computer Science career, the learning path will involve the student in taking
courses in Programming, Operative Systems, Databases, Discrete Math, etc. This
will be the learning path for the student. But the to learn Programming the student
will have the Programming learning path that will include learning Object Oriented
Programming, Procedural Programming, and Scripting Languages. The Object
Oriented Programming will be a learning path that will include learning what are
objects, what is inheritance, what is encapsulation, what is recursion, etc.
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2. Why is it important?

The creation of a learning path has several advantages:

1. The learning path helps to create the course and to devise a perfect and complete
learning track step by step. In the learning path there are no empty spaces and
little or none pre-knowledge is assumed.

2. The outline will help to collaborate with others in the compilation of the course.
The learning path allows for collaboration.

3. The Learning path allows scheduling and division of tasks.
4. The learning path in the platform will be associated to an XML database that will

allow users to reuse the same modules for different outcomes. Different courses
for different outcomes can be created with the same materials.

3. How to create a learning path

To explain how to create a learning path, we give a practical example for a course
in Semiconductor Modeling, commenting on its various steps. The comments are in
parenthesis.
Title of the course: Modeling of semiconductor devices
Course category: Modeling
Steps of the learning path:
Step 1. Description of the course

• Introduction to the course.
(Here, one should give a brief description of the course)
Introduction to mathematical modelling of
semiconductor devices, with a special emphasis on
content on physical-mathematical aspects,
perturbation analysis, numerical simulation which are
more relevant in the applications in microelectronics
industry.

• Goals of the course.
(Here, one should give a wide description or justification of the course. It should
answer the questions: what is the final outcome of the course? What is it useful
for? What does the course prepare the student for? What will the student be able
to do when she has mastered the material?)
The students will have a general understanding of the
most common models of semiconductor devices, of their
mathematical content, and of the most common
strategies of numerical solution.

• Objectives of the course.
(Here is where to write the detailed outcomes and the detailed description on
how the goals should be reached. This paragraph should answer the questions:
how do we get to the goal? and what is that goal going to allow the students to
do?)
Students will acquire knowledge by working on a
simple test case: a 1D diode, modelled by time
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-dependent and steady-state drift-diffusion equations,
solved numerically by using the Scharfetter-Gummel
discretization for the currents and the Gummel map
for the resolution of the resulting nonlinear system.

Step 2. Outline of the course
(When creating the outline of the course one should think how to evaluate or assess
the learning of the student. These are the main questions to be addressed: How
can you tell if the student has learned the concept? Why is the concept important?
How can the concept be used in real life or in a practical setting? How does this
concept relate to other concepts of the course? What previous knowledge is needed
to understand the concept? During this stage one can identify examples to be added
to explain the concept, as well as additional materials that can be linked. All this
information can be added to the learning path and will be really helpful in the future
implementation of the contents. It is useful in one thinks of the learning path as a
dynamic document that you will improve progressively.)

Chapter 1. Notes on semiconductor physics
(one can decide how to implement your course – by chapters, by lectures, by
sessions, etc.)

Section 1.1. Basic concepts
(in each section state one should state the concept that is going to be explained
and the elements that are used to explain that concept. To explain concepts one
can use text, images, animations, video, etc.)

Lecture 1.1.1
(one can add information of what will you use to create this part of the
resource)

� Inverse lattice and Brillouin zones
(e.g., here will be used the demo from website x, y or z)

� Lattice wavenumber pseudo-vector
(e.g., for this concept it will be used the explanation of book X)

� Conduction and valence band in semiconductors
� Electrons and holes

(e.g., the animated graphic A.gif or B.java or C.flv will clarify this
concept)

� Semiclassical approximation
� Lattice vibrations and phonons

Section 1.2. Physics at equilibrium of
semiconductors
(Continue with the same specifications to create the whole learning path)

Lecture 1.2.1

� Fermi-Dirac distribution and carriers number
densities



542 G. Alì et al.

Lecture 1.2.2

� Hypothesis of non-degeneracy and mass action
law

Lecture 1.2.3

� Parabolic band approximation and
temperature-dependence of intrinsic
concentration

Lecture 1.2.4

� Partial equilibrium and total equilibrium

Lecture 1.2.5

� Intrinsic semiconductors at total equilibrium

Lecture 1.2.6

� Extrinsic semiconductors at total equilibrium
and nonlinear Poisson equation

Lecture 1.2.7

� Boundary conditions for the nonlinear Poisson
equation

This is just an extract of the complete learning path created for the course of
Modelling of Semiconductor Devices (A.A. 2007–2008). The learning path is a
dynamic concept and can be enriched and actualized.

4. How to create a learning unit

Learning units should be created according to the learning path. One can think of
a learning unit as a single node that is a step in the learning path. To build a learning
unit is possible to reuse existing teaching materials.

A learning unit should be a single and independent unit that is interlinked to
others but that has a meaning by itself and conveys a well-identified concept. A
learning unit should be a unit that states a goal, explains how to reach that goal and
assesses that the goal has been reached. One can think of a learning unit as a section
of some notes or of a scientific paper, with the addition of a short pre-description
and some assessment questions, that is, what in notes would be called “homework”
or “exercises”.

One should remember that the students of an eLearning platform will work
without an instructor. For this reason the contents should be richer in examples
and demonstrations to explain in a clear way every idea. When creating a learning
unit it is important to identify where could practical examples or simulations be
useful. Also, in the learning units one can add video, animated graphics, or links to
additional materials, and use all these elements to make a clear explanation of the
subject.
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To have a well-rounded learning unit one can follow these steps:

1. Objectives and requisites.

(a) Inform of the objectives. What will the student learn in this unit? Informing
of the objectives helps the student to focus on the goal, avoiding distraction
produced by other elements in the unit. These other elements are necessary
for the explanation but are not crucial for the goal. If the student has a goal
will pay more attention to the elements that help to achieve that goal.

(b) Explain the requisites. What previous knowledge is needed? Students should
know what are the prerequisites and links should be provided to additional
information that the student may need to understand the unit.

2. Present your explanation.
This is the main part of the unit, here you have to explain the concept. In this
section you can use text, graphics, equations, video or interactive simulations.
To explain the concept, use as many examples as needed to clarify the concept.
Remember the student is alone. Provide examples to multiple situations where
the concept may apply and provide links to additional information.

3. Assessment and reflection.

(a) Introduce assessment. The assessment’s main goal is to know if the concept
has been understood; but it is also useful to present cases and exceptions. The
questions should provide an insight of the concept and help to deepen the
understanding of the concept. It is convenient to provide a multiple-choice
question with commented answers. Each answer should have an explanation
pointing out why it is correct or incorrect.

(b) Reflection. A reflection or practical example shows the student a wider scope
of how what has been explained in the unit works. This can be a practical
situation where the concept applies, a real life example or other relation that
the concept may have with other concepts.

5. How to transform existing material into eLearning

To create eLearning courses it is possible to reuse own Slides, Notes, Video
and Simulations. Anyway, one should always keep in mind that the creation of an
eLearning course is not the mere translation of previous material to the website
format.

The courses implemented by the scientific content experts will be a series of
modular units that guide the student through a learning path. Each unit should
have the following elements: a goal, a description or explanation of the content,
and a final assessment for the concept explained. When implementing these units
one should have in mind that the student is going to take this course without any
instructor’s help. In the design of the units one should aim for the highest degree
of interaction with the material, using lots of examples, graphics, visually dynamic
content (videos, animated graphics, etc.). For this end the already existing materials
will have to be modified. For example already existing presentations will have to be
modified to be more interactive and include assessment. The final eLearning quality
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of our platform will depend on the clarity of the courses and how well they train the
students.

In the following section, are described some recommendations to transform the
already existing materials to create courses for the CoMSON e-Learning platform.

5.1. Presentations

Slide presentations can be useful to create a course for the CoMSON eLearning
platform. The presentation should be improved to be a stand-alone course that
will be used without an instructor. This means that the student won’t be able to
ask questions to an instructor. The material should provide more examples more
interactivity and links to materials that may help the student to understand better
the concept. You can reuse your slides but you have to modify them to provide
this kind of environment (remember this is not a translation, is an enrichment
process). Slide presentations that have embedded animations, simulations or video
are encouraged and will work flawlessly in the platform. To create or modify an
existing presentation follow these instructions. The first thing to do when creating
an eLearning course is to identify the learning objects and create assessment to see
if the concept has been understood. This is like writing a scientific paper. You have
to ask yourself if your explanation is clear for an external individual to understand
it unaided. Most of the presentations come in the form of power point or PDF. The
presentations can be created or modified in two main ways:

Creating assessment.
Identify the concepts and create questions to see if they have been understood. To do
this in power point, create a new slide with the following 1. Question. 2. Hint to solve
the question. 3. Options to answer. Each option should come with a reason “why”
that option is right or wrong. Create assessment for each concept or module of the
learning path that is covered in the presentation. If you have a PDF presentation
create a document with the assessment in the same way and specify where should be
the assessment placed. This addition is mandatory (a presentation without questions
will provide no interactivity and has little or no value for an eLearning platform).

Adding a voice-over.
To do this in power point, write in the comment box and our software will
automatically read the comments of every slide. To do the same with a presentation
in PDF create a document and create a comment for every slide. Number the
comments with the number of the slide. The voice over is an important optional
modification. Remember that if your presentation doesn’t have comments will run
silently in the server.

5.2. Text notes

Course notes and already exiting textual material can be easily modified to be
used in the platform. Text based material in CoMSON to our knowledge comes
from in PDF, LaTex, Word, or HTML formats. The first stage to modify your
notes to create an eLearning course is to identify the learning objects and create
an assessment to see if the concept has been understood. This learning units can be
enriched using additional materials (animations, graphics, video, etc.). In the end
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the learning unit should be a well rounded unit that can be used independently. The
textual material with the assessment and additional materials can be edited using
eXe software.

9.6.3.2 Outcome

So far, we have realized some experimental eLearning lessons applying the guide-
lines summarized in the “learning@CoMSON” document. The lessons’ aim was
to verify both adequacy and efficiency of the educational material developed take
into account the cognitive and didactical aspects. It is important highlight that the
CoMSON eLearning platform will continue to work after the end project activities.
We hope that the partners of the CoMSON consortium will apply both guidelines to
create educational contents and the eLearning platform to deliver microelectronics
course. These future applications will improve the quality of this initial prototype
improving the quality of the didactical contents creation.

9.7 Blended Learning

After this initial phase, the next step was to experiment the didactical approach
adopting the eLearning guidelines. Initially, we use the blended learning as didac-
tical strategies. Blended learning is a term getting a lot play particularly in the
corporate training course. Practically, it refers to the use of more than one learning
medium, usually it includes a combination of teaching modalities supported by
web-based tools. However, eLearning does not eliminate existing educational meth-
ods and technologies. Rather, it complements them by using new tools supporting
learn cognitive abilities.

In the next two subsections, we describe the empirical studies carried out during
the CoMSON project. The aim of this work was twofold. The first aim was to cerate
eLearning educational contents as support to the traditional didactical activities.
The second one was to identify new operational strategies concerning the eLearning
content creation.

9.7.1 First Empirical Study

Due to the complexity of the subject of the CoMSON project and the scarcity of
the content-experts time, the project has a wide gap between content creation and
eLearning implementation.

To fill this gap we have tested a collaborative Project-Based Learning (PBL)
approach. This approach has been tested in a specific course on “Modeling of
semiconductor devices” at the Engineering Faculty (University of Calabria). The
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program of the course covered physics of semiconductor devices and mathematical
methods of simulation. The program of the course included the following mod-
ules:

• Revision of semiconductor physics.
• Physics of equilibrium in semiconductors.
• Kinetical models of transport.
• Monte Carlo methods.
• Macroscopic models of transport.
• Numerical methods.

The activities of the course was divided in two sections, theoretical lessons
and laboratory activities. The theoretical lessons comprised the aforementioned
course topics. The laboratory activities explored physical phenomena using software
simulations such as Matlab R� and Octave R�. For the examination session students
had to develop a project, in the form of a learning module. In a first experimentation
of this assessment procedure, the students had to tackle a single problem, related
to numerical simulation of semiconductor devices, with the possibility to choose
several variants. These modules would compose a sort of online handbook of the
numerical method used for the simulation. In a second experimentation the students
have been asked to present the main topics dealt in the course, creating independent
learning modules. These modules should be able to be used as stand-alone learning
contents. Upon the completion of the project the students had to undergo an oral
examination where they presented their learning modules and were questioned about
the problem tackled, the solution provided and the general pedagogical presentation
produced.

Next, we describe in detail the first group of assessment projects. Overall, the
projects had a central common topic, that is, the simulation of a one-dimension
diode described using the drift-diffusion equations. The students’ work was based
on pre-existing Matlab codes which they had to modify or to replace with new
programs to implement a simulation with the following variations:

• Fixed geometry/variable geometry.
• Uniform discretization/Non uniform discretization.
• Uniform mobility/field-dependent mobility.
• Generation-recombination without impact ionization /with impact ionization.
• Physical variables/nondimensional variables.
• Time independent simulation/time dependent simulation.
• One dimension simulation/two-dimensional simulation.

For the final presentation of the project the students had to create a stand-alone
learning module, which described the problem they solved, the simulation algorithm
used for the numerical solution, the interpretation of the numerical results. In this
module the students used as a guide the following scheme:

• Inform about the goals of the learning activity.
• Explain what prerequisites are needed for the understanding of the module.
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• Present the central explanation of the project.
• Introduce assessment (this assessment has to provide feedback).
• Finish with a reflection or a practical example that shows how does it works in

real life or related to a bigger picture.

The learning modules were produced by using eXe R�, an open source eLearning
XHTML editor to create educational contents, compatible with the SCORM
standard.

The final evaluation of the course consisted in an oral exam, where the students
presented and discussed the learning modules created for the project, and were
questioned by the teacher on the contents of the course. The evaluation of the project
took 30 % of the final grade of the student. Prior to the oral exam, the students
delivered to the teacher a copy of the project, which performed an initial evaluation
of it. A the end of the evaluation process, the teacher approved or rejected the
student’s admission for the oral examination. If the project did not fulfill the required
quality the student was asked to review it till the project could be approved for the
oral exam.

The projects have been analyzed concerning the code and the learning module.
In the analysis of the code produced by the students the projects present a modular
structure where the students had explained the process as it is produced in the
code. This structure provided evidence of the understanding of the code as well
as the organizational capacity of the student. The students have adapted the code
creating substantial modifications and new pieces of code to solve the specific
problem. The results obtained are then compared with the theoretical predictions.
Some of the students have produced a system of blocks that gives a scheme of the
possible different combinations guiding the learner through all the possibilities of
the software.

The students have produced a detailed analysis of the project describing each
piece of code used in the solution. Also the different parts of the code have been
thoroughly commented explaining the functioning of the code in a step by step
manner. Some of the students have also produced innovative ways to interact with
the software implementing graphical interfaces that can be used as a teaching and
demonstration aid. Using this interface the software can easily produce a visual
presentation of concrete examples.

The results of the analysis of the code are summarized in Table 9.1 and in
Table 9.2 in percentage of students.

In the analysis of the project we have observed that the students provide new and
innovative ways of solving the problems and presenting them. Collaboration among
the students has created new ways of presenting explanations of the problems.

With an analysis of the projects we can see some advantages of the PBL
approach. These included the consolidation of the competences, collaboration with
peers and, improvement of communication and presentation skills. In sum, the
ability to accomplish a project from beginning to end, producing the deliverable
and the documentation for it, is very satisfactory.
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Table 9.1 Analysis of the students’ projects: technical aspects

Items Good (%) Medium (%) Poor (%)

Has implemented new code 20 60 20

Has modified the existing code 40 60 0

Gives an explanation of the problem and inner works
of the code

40 40 20

Comments the code to explain the process 20 60 20

Implements graphical interface 60 0 0

Recommends bibliography and produces help files 20 0 0

Table 9.2 Analysis of the students’ projects: structural aspects

Items Good (%) Medium (%) Poor (%)

Inform of the objectives 40 40 20

Explain the prerequisites 0 60 40

Present your explanation of the project 20 60 20

Introduce assessment and provide feedback 20 40 40

Finish with a reflection or a practical example that
shows how what you explained works

0 0 0

From the analysis of the materials produced by the students, we conclude that
even though the materials present high quality work they cannot be directly used in
an eLearning course without some modification and edition. Some of them need
minor editing while others need more work, such as modifications, corrections
or amplification of the explanations. These deficiencies can be attributed to the
lack of knowledge of engineering students of didactic and pedagogic approaches
and techniques. We think that PBL approach could be a good solution to provide
the students with knowledge on communication techniques needed later in their
professional lives. In a second phase of this approach we will provide students
with more detailed instructions and help to take full advantage of this approach
in improving their communication skills. We think that giving more detailed
instructions on how to create the educational method will bring better outcomes
and will help students learn better about the topics and how to explain them.

9.7.2 Second Empirical Study

As mentioned above the mathematical content creation devoted to eLearning envi-
ronments is complex not only because it is time consuming, but also need to manage
media elements such as graphs, tables, links, and formula. In order to experiment
new didactical strategies to optimize the eLearning content, we have tested a new
approach involving the students to create educational contents. Student’s task was
to design and create educational materials to deliver by eLearning environments.
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The pedagogical strategy was based on constructivism methods, which involve
the student to design educational contents. This approach has been tested within
the mathematical course at University of Calabria, Cosenza – Italy (Engineering
Faculty). We have organized many students’ groups that worked on different course
topics. Before starting with the examination phase, students submitted the projects
and then we analyzed them from a qualitative point of view. The results of this
first experimentation were not very good. We found that students had difficulty in
organizing the learning paths of the educational concepts. The teacher, after this
evaluation phase, decided to do some revisions in order to improve the quality of
the projects.

These educational limits showed the impossibility to create efficient eLearning
courses. So, we decided to design a new experimentation, again with university
students. To improve the eLearning content creation, we designed and provided
to the students some guidelines concerning: pedagogical aspects about lesson
organization; projects editing in order to improve the quality of content description,
and finally we suggested to the students to reduce the MatLab application preferring
the didactical aspects of the educational contents.

The eLearning course topic has been organized by didactic units. Each group
chose one topic and then realized the didactic unit by using the eXeLearning editor
to uniform the student’s projects according to the eLearning platform standards.
Below, we list the didactic units:

1. Physics of a semiconductor in equilibrium and non-linear Poisson equation.
2. Drift-diffusion model: the case stationary IV characteristic.
3. Drift-diffusion model: the case and time-dependent analysis of small signal.
4. Drift-diffusion model: the case of time-dependent and-effect impact ionization.
5. Model of drift diffusion: dependence on mobility model and models generation-

recombination.
6. Models of energy-transport.
7. Semiclassical Boltzmann equation and Monte Carlo method.
8. Hydrodynamic models for semiconductors.
9. Drift diffusion model with quantum corrections.

10. Numerical methods: finite differences (box integration method).
11. Numerical methods: finite element.
12. Numerical methods: numerical solution of nonlinear algebraic equation

(Newton’s method with damping).
13. Scharfetter-Gummel method for the numerical solution of equations drift-

diffusion.

An example of the project organization build with eXeLearning editor is
showed:

• Home.
• Project description: objectives.
• Preliminary knowledge.
• In-depth examination.
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• Core of the project (Contents).
• Observations and conclusions.
• Self-examination (by using different answer modalities: yes/no, true/false, mul-

tiple choices test, and so on).
• References.

The scheduled project activity is based on the following organization:

– Content. The educational contents must have realized by using an easy language
allowing to the others people to understand the educational concepts.

– Didactical. Every project had to include the following didactical aspects: objec-
tives, preliminary knowledge, topic and simulation, self-examination and refer-
ences.

– Structural. It is need to use, when necessary, the following ramification: Topic,
Section, and Unit.

By applying these detailed instructions, the project layout was better that previous.
Besides, this organization makes the projects contents easily usable to create a
distinct eLearning course.

The preliminary evaluation of the student’s projects was satisfactory, but the
projects still required a deeper analysis. The next step was to ask the other students
to improve the existent didactical units adding other topics and contents. However,
we needed to reduce the redundancies of the concepts because often many subjects
used the same contents to implement different educational didactic unit.

9.8 Platform Evaluation: Test and Revision

We have designed a questionnaire with the aim to collect information on the use
of the eLearning platform from the Experienced Researchers (ERs) and Early
Stages Researchers (ESRs) which work in different node of the project consortium.
In particular, we were interested to know the following aspects: what are the
useful features available in the eLearning platform?, what kind of materials are
more frequently used by final users? We believe that this information is essential
to understand if the CoMSON eLearning platform support users needs, from a
communication standpoint.

The questionnaire consists of 13 items with mixed answers modalities (nine
question with closed answers; four questions with closed and open-end questions).
Finally, at the end of the questionnaire we have asked to the users to indicate three
negative and positive aspects of the CoMSON eLearning platform, respectively.

The sample was composed of seven people, six males and one female. All
the users have been working in the CoMSON project from 1 to 4 years. All the
questionnaires collected were analyzed. The results are the following: 71 % of the
sample has created didactic contents for the CoMSON eLearning platform (see
Fig. 9.16).
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Fig. 9.16 Percentage of
sample that has created
didactic contents for the
CoMSON eLearning platform

29 % of the sample used “Once per day” the CoMSON eLearning platform,
another 29 % “Once per week” and 43 % of the sample “Rarely”. None used
“Several times per day” and “Several times per week” the eLearning platform (see
Fig. 9.17).

We found that ERs people used the eLearning platform in different manners.
57 % of the sample used the CoMSON eLearning platform, for “Less than 1 hour”,
14 % “Between 1 and 2 hours”, while 43 % only “More than 2 hours” (see Fig. 9.18).

Both ERs and ESRs used the CoMSON platform for different aims. In particular,
the 71 % of the sample used it “For educational purposes”, while the 29 % used it
both “For research purposes” and “For getting information” (see Fig. 9.19).

The CoMSON eLearning platform includes different functionalities, such as:
Lectures; Courses; Virtual laboratories; Students homework; Communications with
students; Students verification. We find that the more used functionalities are:
“Lectures” from 57 % and “Courses” used from 71 % (see Fig. 9.20).

The majority of the final users (83 %) were satisfied of the eLearning materials
delivered by the platform. In addition, all users agreed that the eLearning materials
stored in the platform are interesting and engaging. 79 % of the users found that the
educational materials are well organized and easy to understand.

As comes out from the literature on eLearning, it is very important to support the
final users during their learning process. The 71 % of the sample found a sufficient
help and support while using the CoMSON eLearning platform.

The eLearning platform is based on SCORM (Sharable Content Object Ref-
erence Model) standard, which allows the creation of standard contents that are
exportable and executable on every SCORM compatible system. In the opinion of
the 83 % of the users this eLearning technology works well.

Moreover, 67 % of the sample underlined that the CoMSON eLearning platform
helped them to increase skills in topics related to the micro- and nano-electronics,
even if the 33 % of the users did not agree with this statement. The same percentage
67 % asserted that the CoMSON eLearning platform supported them during the
research activities.

Finally, both ER and ESR that worked in CoMSON and that used the eLearning
system indicated some negative and positive aspects of the platform. Among the
positive aspect, the sample mentioned: courses with tests are useful, because you
can learn first, and, just after that, test what you have retained (14 %); it requires
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Fig. 9.18 How long CoMSON ERs and ESRs remain connected to the eLearning platform

a distributed collaboration (14 %); the material and the way it is described is also
nice and new (14 %); it is clear and well organized (42 %); the eLearning platform
is simple; the course on optimization is open to public (28 %).

Among the negative aspect, the following things were pointed out: there are very
often technical problems with the server (42 %); there is the need of more content
and to be actively used (14 %); the platform is not well supported (14 %); it is
not well advertised (14 %); small amount of information (14 %); no recent updates
(14 %).
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Fig. 9.20 Functionalities of the CoMSON eLearning platform more frequently used

9.9 Conclusions and Future Perspectives

The chapter aims to provide a straightforward introduction to the creation and use of
eLearning approaches to support and teaching both university students and industry
people that work in microelectronics field. It is aimed to introduce eLearning
systems to enhance teaching, and it does not assume a high level of technical
knowledge to use these tools. Although this chapter introduce together pedagogical-
psychological, practical and technological aspects of the eLearning, it does not
assume that many people will become an expert in the theories of learning, or a
person with a high level of technical expertise.

Contrarily, this chapter wants to show how to use the techniques suggested
(theoretically and practically) within a specific sector as the microelectronic.
Both technological and psychological aspects, underpins the potentiality of the
eLearning environment, suggesting activities that enhance teaching, learning and
student assessment. In our opinion, CoMSON project has represented a scientific
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opportunity both students and researchers that work in the microelectronics field to
experiment limits and potentiality of the eLearning.

The educational aims of this chapter are based on constructivist learning theory.
According to the constructivist approach, students learn actively by doing things,
rather than simply reading or being told about them, and construct their own
conceptions of what they are learning. By using this approach, subjects want to
test their own hypothesis with other people, thus redefining their understanding.
The active construction of knowledge is thus better realized by virtual laboratories
that allow to visualize (with animation) and manipulating interactively, step by step,
metaphoric representations of the functions, modules and coupling paradigms for a
deeper understanding of them. The CoMSON platform supports both online content
creation and running of learning trails and allows a great flexibility in online material
uploading. A series of tools are present in it, that are easy to use both for students
and trainers, and allow a flexible and personalized acquisition of competences.

In our opinion, it is important to think about eLearning methodology as another
educational innovation or modification of the traditional course design, and consider
how it could be used to improve specific conceptual and practical abilities. This lat-
ter aspect is important for industry companies, which have the needs to experiment
new educational strategies to ensure in short time the design of educational materials
to train the internal people to use specific tools.

Of course, there exist different models of eLearning and procedures that explain
how to integrate this approach into a traditional course for different circumstances.
The assessment of eLearning course is another key issue, and it is important to
ensure the validity of the chosen assessment. The introduction of eLearning is
a good opportunity to think to find new strategies and approaches to evaluate
the contents of a course. In this context, evaluation is important to ensure that
the educational practice is effective to improve the way teaching, learning and
assessment are carried out.

There is some experimental result that eLearning environments, and in particular
the constructivist approach, increase the student’s motivation and can be considered
an effective strategy to enhance learning, improving not only conceptual skills but
also practical competence to use tools (e.g. simulation environment and other system
that stimulate students to interact). In the developing processes of an eLearning
systems it is really important to adopt an interdisciplinary perspective, taking
into account that different competences converge in this process: psychological
(student’s cognitive style, learning theories, cognitive strategies, user profile); peda-
gogical (objectives, contents, organization, methodology and didactic strategies),
technological (technological resources, hardware and software solutions), user
interface design (to foster the interaction between human and machine), usability
(to evaluate the user interaction with the eLearning environments).

Considering the relationship between eLearning and microelectronics education,
there are a number of possible future research directions. In particular, at the end
of this chapter we mention the possibility to design and implement an mLearn-
ing platform devoted to microelectronics educational activities. Mobile learning
(mLearning) refers to the use of mobile and handheld information technology
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devices in teaching and learning. The idea is to create an educational platform able to
deliver electronic courses whose contents will be accessible through mobile devices
such as a Personal Digital Assistant (PDA).

It is important to note that the most effective electronic educational environments
stress the collaboration with others, allowing students to work together, learn
from each other, and test their understandings. These aspects are in line with
the constructivist paradigm discussed concerning the eLearning environment. It is
possible to consider mLearning as an extension of the eLearning technologies and
approaches. In the microelectronics field, mLearning could have many advantages
for students, allowing them to carry out their learning activity from any location, any
time in a connected environment using a personal PDA. Most likely, PDA could be
used to deliver accessible engineering education to traditional and non-traditional
students in blended or online way.

Students using mLearning technology can share documents and other educa-
tional materials with other people, enriching the learning process. This collaborative
learning allows the creation and sharing of documents among students and teacher-
authored resources. Resources can be hosted and linked to relevant websites in order
to enhance the diffusion between students. Finally, we raise the issue that to use
mobile devices as educational tools it is necessary to improve data transmission; to
create a set of technology to unify mobile devices; to improve the quality of the
display screens; to have more memory space to store data, and so on.
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