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Abstract—Practical works have a fundamental role in the curriculum of any
scientist, engineer, and technician. It helps learners to face the real world and
put in practice what they have learned to judge their operability. Moreover, due
to some limiting factors and due to the growth number of learners, universities
and institutes have become inapt to give efficient learning. Distance education
presents a future key to reduce these restrictions.

Currently, remote experiments together with web-based courses approach
significantly contribute to many aspects of education for learners. In this con-
text, the main question addressed is how we ensure that an educational system
evolves to better serve the needs of learners? The present work proposes a solu-
tion based on student’s Personal Learning Environments. Personal Learning
Environments are educational platforms that help learners take control and
manage their own learning process, learning modules with remote experiments,
for reaching a specific goal. In order to response these criteria we use the Learn-
ing Management System Moodle, the e-portfolio Mahara, the Remote Laborato-
ry Management System iLab Shared Architecture with additional tools and
plug-ins to implement the learning by doing environment.

Keywords—Learning by doing, remote experiment, Personal Learning Envi-
ronments, Remote Laboratory Management System, e-portfolio.

1 Introduction

The initial (primary to tertiary) or continuous, trainings should offer practical
works to the students in order to master their theoretical knowledge. Practical works
help learners to face the real word and put in practice what they have learned to judge
their operability. The engineering studies aims to manipulate equipments, materials,
energy, and information. Thereby creating benefit for humankind [1]. Further, it is
important for engineers and scientists to have an efficient knowledge of nature, which
goes beyond mere theory, to develop their understanding of the living world, ideas,
theories, and models that scientists have found useful in explaining and predicting its
behavior [2].
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Methodologies and/or styles of education are changing almost at the same rate with
the development of technologies and the increasing popularity of the Internet. Not
only that, but new tools and resources are now available to facilitate the students ac-
cess to knowledge. Hence, the urge to integrate those technologies into the education-
al process is increasing. Remote sessions/ remote laboratories which are based on the
development of Internet technologies, implementation of information and telecom-
munication technologies. They have been considered as an increasingly popular inno-
vation in engineering education. Moreover, remote labs have had an enormous impact
on engineering as they help both students and teachers to access real experiments on
real hardware at anytime they want and from anywhere through the Internet. Over the
last decade, and due to many factors, more web-based laboratories have been inte-
grated into educational process; and many institutes have explored the WWW to
transfer their theoretical works and the activities of their laboratories towards distrib-
uted contexts [3]-[4].

A remote laboratory presents high-quality features and it is an easy way to perform
experiments; the thing that distinguishes it from other simulated laboratories which do
not use real equipment. Remote labs as a new concept and a new way of teaching
urged many scientists and institutes to take their adoption into consideration and put
them as a purpose of their works. The overall objectives of remote labs are:

* Digitalization of the educational process thought the implementation of new tech-
nologies and computer to manipulate and visualize a novel educational process;

* Reduce the number of hours that students have to spend in the laboratories by of-
fering a self-paced learning;

* Offer practical experiments and pragmatic learning with real systems, using an
equipment connected to the internet.

In recent years, several research groups from different universities have imple-
mented platforms to develop remote laboratories. Some of these platforms combine
prominent tools for Control Engineering and remote laboratories e.g.,
MATLAB/Simulink or LabVIEW etc [7]. To share remote labs, researchers have
adopted RLMSs as the best middleware, since it has come with proficient guidelines
and development toolkits for the management of these experiments. However, for a
complete learning environment for the student, it is more common to use both educa-
tional systems, a Learning Management System (LMS), or Learning Content Man-
agement System (LCMS), and Personal Learning Environments (PLEs) etc, and re-
mote labs in a single platform [5]-[6]. Blinding, and combining, remote labs together
with virtual learning environment creates the perfect match for improving student
practical skills. In this regard, it is true that through the use of those systems it is pos-
sible to provide access to online experimentation sessions from an uniform elearning
context as well to do several activities e.g., sharing and discussing using online dis-
cussion, collaborating as well the knowledge creation with other learners etc. Thus, in
case of using PLESs, learners are able to build and manage their own learning activities
for achieving specific goals. Furthermore, PLE concept involves both formal and
informal learning [8].
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The focus of this contribution is to present a PLE based on LMS Moodle [32],
RLMS iLab Shared Architecture (ISA) [9]- [10], Mahara e-portfolio[33] and other
open source tools for enhancing laboratories/learning in engineering education and
particularly in the field of electrical engineering. To reach that, a remote laboratory
platform was developed. It is a remote control of electrical engineering instruments
that allows their control in an interactive and easy way. The rest of this paper is struc-
tured as follows. Firstly, general background about PLEs is described in part 2. Some
pedagogical concepts are analyzed and reported in part 3. The discussion and descrip-
tions about the physical setup is addressed in part 4. The students’ personal environ-
ment is described in part 5. Finally, part 6 highlights our conclusions, remarks, and
future work.

2 Personal Learning Environments

In the last decade, information and internet technologies have been included in the
educational process mainly to enhance the quality of the classroom. The use of
LMS/CMS has allowed learners to complement face to face teaching, as well as to
teach full-online courses [11]. Furthermore, the recent development of Web 2.0 tech-
nologies enables learners, in higher education, to mash up the learning resources,
services, and communities according to their choices. Thus, web 2.0 technologies
allow learners to use Wikis, RSS feeds, podcasts, YouTube, and social bookmarking
tools. These technologies offer learners the easy way to engage in inquiry, creation of
the learning content, to share educational resources and create collaborative
knowledge [12].

Currently, more and more in the learning process, especially in the Science, Tech-
nology, Engineering, and Mathematics (STEM) subjects, the learner is considered as
the main controlling element rather than the teacher or supervisors. Each learner has
his/her own individual needs, choices and learning goals, which always greatly ex-
ceeds the numbers of teachers available to teach them [13]. Based on this context,
PLEs came into the picture, where the distributed educational resources, tools, and
laboratories are all integrated in a single virtual learning environment and customized
by the individual learners according to their actual preferences and goals. As the name
suggests, the PLE, describes the learner autonomy, services, communities, and shared
resources that constitute the individual educational platform. Likewise, learners use
PLE to create, control, and manage their own learning and pursue specific educational
goals. The PLE can be described, according to Dawns as [34]: ‘one node in a web of
content, connected to other nodes and content creation services used by other stu-
dents. It becomes, not an institutional or corporate application, but a personal learning
center, where content is reused and remixed according to the student's own needs and
interests. It becomes, indeed, not a single application, but a collection of interoperat-
ing applications-an environment rather than a system’.
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3 Pedagogical Concepts

Laboratory activities for teaching practical skills in sciences and technologies are
fundamentally a form of experiential learning [14]. Experiential learning is a funda-
mental paradigm within the theoretical tradition of adult education in Europe, North
America and Australia. Experiential learning or ‘Learning by doing’ is a constructiv-
ist pedagogy approach; it is a process of learning and acquiring skills and expertise
using experience in order to increase knowledge as a teaching pedagogy [15]. Follow-
ing the constructivist learning theory as a constructive, situated and collaborative,
process in which human develops, generates understanding knowledge and meaning
of a domain by sharing, engaging their ideas and experiences from the interaction
between them in practical idea [16]. In this sense and according to the mentioned
information above, the use of remote laboratories for teaching and learning to acquire
skills is based on the principle that learning and teaching is best achieved over experi-
ence. Learners learn by actively interacting and experiencing remotely with their
environment through realistic experience as opposed to theoretical learning; this ac-
tive involvement enhances learners’ learning.

David Kolb’s theory in the experiential learning built upon the earlier works of
John Dewey and others. Kolb Professor of Organizational Behavior at the Weather-
head School of Management Case Western Reserve University, defines learning
“Learning is the process whereby knowledge is created as the transformation of expe-
rience”, so, knowledge results from the combination and interaction between theory
and experience. It is based on the paradigm of constructivism theory [17].

Kolb's learning theory paradigm (known as the Kolb’s Experiential Learning Cy-
cle) sets out four distinct learning styles, which are schematized on a four-stage learn-
ing cycle. Kolb suggested, that any form of learning to be complete and effective
requires that learner traces all the foundation of his learning flowing the cycle of four
phases (Figure 1): Concrete Experience, Reflective Observation , Abstract Conceptu-
alization ,and Active Experimentation

. Abstract Conceptualisation
Receiving feedback

Sharing evidenc
and ideas

Collecting Artifacts

Reflection Understanding

Testing implications of theory

Observation and Reflection N Lo
in new situations

Selecting
Feeling and Reviewing Synthetising

Sharing

Publishing and
Collaborating

Linking artifcats

Concrete experiences

Fig. 1. A model of e-portfolio system for continuous learning, adapted from Kolb cycle
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According to Kolb theory paradigm, an effective learning is achieved when a
learner progresses over a cycle of four stages. In the Kolbian Cycle, the process be-
gins having a concrete experience which means doing something in which the learner
is assigned an experience (a new experience or a reinterpretation of existing experi-
ence), which is followed by a reflective observation on that experience. In this stage,
the learner takes time-out from ‘experiencing and doing’, he asks various question
related to the experience and reflects what has been accomplished and experienced.
The Reflective Observation is then followed by the Abstract Conceptualization stage,
in which the learner tries to form and conceptualize theory concepts about what they
have done, and what is already known about an experience. In other words, the learn-
er tries to generalize a theoretical model of what is practiced. Finally, the learner car-
ries on to apply the generalized model to a new experience and situation [18].

The last stage ‘Active Experimentation’ leads to start another cycle to generate an-
other concrete experience and new learning which is then followed by new reflection,
observation and, based on them, reformulates the principle and again applies it. As
shown in the figurel and as described above, the Kolbian model is visualized as a
cyclic process that repeats itself but each time on a more refined or sophisticated level
due to the additional knowledge gained from the previous circle. According to Kolb
in which views learning as an integrated process can be characterized as an iterative
cycle. Each stage is an auxiliary and complement into the next. Thus, the learner is
able to enter the learning cycle at any point and follows it through its logical se-
quence.

Using Kolb's paradigm of experiential learning to design and structure learners'
web-based learning activities also helps us understand critical issues of remote student
engagement, achievement, and satisfaction. Likewise, in [19] authors have conducted
the following criteria about the assurance factors that impact student engagement,
achievement, and satisfaction during online learning experiences:

* Knowledge is constructed.

¢ Students are responsible for their own learning.
* Higher-order learning requires reflection.

¢ Learning is unique to the individual.

* Learning is experiential.

* Learning is both social and private.

4 Physical Setup

The platform of remote experiments is developed using National Instruments (NI)
software and hardware products [30], as: LabVIEW, NI compactRIO, FPGA and NI
ELVIS. NI LabVIEW FPGA is a tool used to design all laboratories in this work for
hardware implementations. The developed platform allows real interaction by stu-
dents and the distant hardware in the laboratory by including real-time visualization, a
NI CompactRIO controller and NI ELVIS were used in the implementation and the
underlying software constructed in the NI LabVIEW coding the graphical environ-
ment.
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The system includes a mixture of works divided into hardware and software. The
hardware involves a working test that can be digitally controlled by computer and
embedded controller. The software consists of a graphical user interface that allows
users to control the test stations in a manner which closely resembles controlling the
equipment in the real laboratory [20] - [21].

The first laboratory in electrical machine which consists of a real-time system to
control remotely a synchronous machine includes several experiments such as (Figure

2 (b)):

* Real-time determination of the parameters of Open Circuit Characteristics (OCC);
* Real-time determination of the parameters of Short-Circuit Characteristics (SCC);
* Load test on synchronous machine;

* Synchronous reactance Xs.

The second laboratory in digital electronics includes several tests and experiments
such as (Figure 2 (a)) [35]:

* Combinational logic circuits based experiments;
* Sequential electronics based experiments.

Fig. 2. Physical infrastructure

5 Student’s Personal Learning Environment

5.1 LMS Moodle

LMS Moodle is an Open Source web software package, provided free of charge (as
part of the GNU Public License) that offers to educators and concepters the way to
create dynamic web-based courses at anytime and anywhere. The license allows peo-
ple to download, use and modify Moodle under the terms of the GNU Public License.
Moodle is written in PHP and can be run using any web server, such as Apache HTTP
Server. The use of LMS Moodle offers the easy way to deploy and share courses and
resources as well as, the integration of remote labs. Further, it offers to students to
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participate in online activities as: online discussions, communication with students or
instructors, assessments, online project/collaborative work, which replace part of
face-to-face teaching and learning activities.

5.2 RLMSISA

The ISA is a remote laboratory management system developed by the CECI at the
MIT. The ISA provides a common framework on which laboratory instrumentation
can be integrated to create remote laboratories that allow students to conduct and run
laboratory equipments remotely through the internet, also designed to use online labs
to scale a large number of users geographically dispersed through the world. ISA,
based on Web Services, provides a three-tiered architecture software framework de-
signed for enabling institutes easily sharing different remote laboratories across the
world. This architecture consists of a Lab Clients, Service Broker middleware, and
Lab Servers. The service broker is the heart and the component responsible for
providing generic functionalities such as managing, scheduling, data storage. It also
provides all management resources and experiments [22].

The idea to integrate remote laboratories, deployed into RLMS ISA, into LMS
Moodle gives students and teachers the easy way to meet and where students find
more educational resources [29]. Thus, this linkage in a single environment provides
an integral environment to students and use learning content and remote experiment
using the same credentials. The integration tool is called Lab Manager which connects
the LMS Moodle with the RLMS ISA. So, students are able to perform a remote ex-
periment with a single sign on directly from Moodle connect to RLMS ISA platform,
more details about the tools are available in : https://github.com/gateway4labs/
rlms_ilabs/.

5.3 E-Portfolio

Modern technologies have widely changed the way in which learners in higher ed-
ucation learn and experience, particularly in terms of access and use. A concept of
current interest that foster the personalization, collaboration, and creativity of learners
— is so-called e-portfolio [23] [24]. The e-portfolio is a paradigm, based on the Infor-
mation and Communications Technology (ICT), in which learners are able to store all
resources and knowledge in electronic form [25]. An e-portfolio, as one application of
PLE, is a digitized collection of artifacts for teachers, learners, and institutes. Fur-
thermore, learners can build their own e-portfolios following defined goals and objec-
tives; they manage and control themselves to be more autonomous in the learning
process and to promote decisions-making with the teacher’s guidance [24]- [25].

As mentioned before, an e-portfolio exhibit a collection of digital artifacts repre-
senting hard work for deep and continuous learning. In this sense, the use of e-
portfolio is like learning passports, as they progress continuously from one stage of
learning to another. This makes the learning a living and breathing entity which can
see it growing and know how it grew and why. The e-portfolio is characterized as a
constructive learning tool [25]. The Kolb experiential paradigm presents an ideal
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learning cycle that illustrates the process of continuous learning based around dia-
logue and collaborative activity with others. The Kolbian cycle includes learner-
centered learning and the learners have to become more active and responsible for
their own learning. The e-portfolio system is perfectly adapted to support the Kolb's
Experiential Learning Model because it has to do with planning, sharing, learning by
doing, reviewing, and reflecting on previous evidence.

They are various solutions to implement e-portfolios, in this work we are using the
Mahara open source which can be easily combined with the LMS Moodle already
used as to deliver theoretical courses for our learners. The combination, or the integra-
tion, of Moodle and Mahara, is officially called “Mahoodle” [31]; this integration is
usually to create a complete and compressive learning environment using single sign-
on as well the transfer of content (Figure 3).

. XML-RPC Protocol,Single sign-on service
Remote Experiments

Data communication

RLMS iLabs LMS Moodle ePortfolio Mahara

Data communication

IMS LTI, MIT iLabs plug-in Remote Students

Fig. 3. Data integration (ISA & Moodle, Moodle and Mahara)

In order the foster the active learning, the e-portfolio presents a powerful tool that
allows learners and teachers, to product and manages virtual space for personal, aca-
demic and professional purposes.

e-portfolio as a tool for Assessment. Assessment, alternative assessment, is a
fundamental component of the educational process for any level and curricula. [13]
defines that an alternative assessment is : “any method of finding out what a student
knows or can do that is intended to show growth and inform instruction and is not a
standardized or traditional test”. In this regard, the alternative assessment its more
focused on learner’s knowledge, performance, growth and skill development. In fact,
a teacher needs to assess this process and identify learners knowledge, abilities, and
achievements behind a course or module. In recent years e-portfolios have been used
in higher education as an assessment tool by many educators and universities. It al-
lows the teacher to better track the progress of learners and their achievements for
specific or different goals [26].

In this work, for Power Electronics and Digital Electronics courses, a learner’s e-
portfolio can contain various artifacts and resources might reflect the progress and
achievements in his/her learning. Some of the possible artifacts and materials are:
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* Solution of the exercises and reflection /questions, ideas, and about some specific
goals;

* Measurements, equipments /procedures, results, and discussion about remote ex-
periments as well lab report;

¢ Collaborative or personal project about digital systems and power electronics;

* Many online experiments, virtual experiments, was embedded into Moodle; learn-
ers in this case are able to compare between realistic and virtual data as well link-
ing the theory and the practice.

A set of large variety of question types can be used by teachers to evaluate student
learning, for summative assessment, at the end of an instructional unit. The questions
include: multiple choices, unique choice, true-false, and short answer questions. Thus,
summative assessments are often high stakes, which contains midterm and final exam.
Furthermore, learners can submit any digital content to her/his teachers directly using
Moodle.

Learning by doing using e-portfolio. By creating and designing their own e-
portfolios system, learners can demonstrate authentic learning. Moreover, they can
exhibit their works, projects, links and resources about specific goals or aims. For
example, learners perform an experience of digital electronics (such as: 4 binary
counter) or electrical machine (such as: determination of the synchronous reactance
experiment). In this sense, learners are able to discuss and analyze graphical diagrams
and chronograms as well as they see the behavior of circuits. Likewise, they use the
synchronous and asynchronous communication offered to discuss and analyze the
results, thoughts of these experiments also about what has been done and experienced.

All the learners are requested to write up a lab report (achievements, measurements
thoughts, and ideas, etc) for each experiment performed and submit it using Moodle.
Learners submit their lab report to specific folders which could be accessed by their
teachers. After providing comments and remarks, learners share their lab reports with
other learners using e-portfolios. In this way, learners become authors/designers and
publishers of the e-content with a minimum level of guidance. In fact, this collection
of structural knowledge, social interaction, social constructivist approach, foster the
learners creativity to work towards valuable education goals. Furthermore, It is im-
portant to note that these criteria allow the student to better understand and identify
their gaps in a specific goal during the learning by doing (Figure 4).

e-portfolios as a Gateway between university and company. The courses in the
case of Power Electronics and Digital Electronics are taught within an official nation-
al graduate degree program as a complement to contents in the regular teaching,
called Electrical Engineering And Industrial Computing. This degree program was
created to answer the labor market demands by increasing the rate of training and
forming of proficient qualified engineers and technicians. In the final year, to gradu-
ate from this degree program, all students must complete a minimum of 60 days as a
trainee in the industry. By using their e-portfolios, students are able to showcase their
experiences, skills, professional capabilities in power electronics and digital electron-
ics, as well in other courses [27]-[28], in an interactive and creative way when apply-
ing for internships. In this context, e-portfolios enable students take advantage of the
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21st-century technology skills and demonstrate their competencies and store their
works, internships, personals and collaborative projects/realizations in the aforemen-
tioned fields that may not be demonstrated on a traditional résumé or during an inter-
view. In this way, supervisors in the company are able to access from any Internet-
enabled computer to student’s e-portfolio and see what the student has acquired dur-
ing his/her 3 years study in this field. Besides, during the traineeship the student can
still work, and update her/her e-portfolio with new knowledge, skills, and competen-
cies. Generally speaking, the e-portfolio will allows student as a trainee to:

* Reflect on theory and practical knowledge acquired through the new experience in
the company;

* Capture and record the relevant experiences, artifacts, and skills that reflect profes-
sional growth during the traineeship;

* Show commitment, individual endeavor, and creativity during the traineeship.
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Create and collect Organise Share and network
-
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Example of course : Digital Electronics

Other resources

Fig. 4. Student’s learning environment

6 Conclusion and future works

Modern and emergence technologies have widely changed the way in which learn-
ers in higher education learn and experience, particularly in terms of access and use.
Modern higher education in the 21st century requires new teaching and learning con-
cepts to better serve the need of learners. Therefore, learning through experiment, in
addition to the active use of laboratories in higher engineering education, has become
one of its essential parts. Our educational process behind our approach is remote
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learning by experience using a personal learning approach. Furthermore, this educa-
tional method that calls for reflection, analysis and planning can directly involves the
learners by actively encouraging them to do something in order to observe and under-
stand what is happening and experiencing.

Through our experience by using and combining ISA and Mahoodle platforms,
Moodle and Mahara, we can conclude that this combination is a good tool to link
learners and teachers and vice versa. The e-portfolio has the potential as an effective
tool in learning by doing to enhance the creativity, communication, collaboration and
learning process among students. Thus, it may be used to support lifelong learning
activities through embedding and storing tools electronically for professional skills
and needs.

Regarding future work, ongoing efforts are focused on analyzing and examining of
the students’ attitudes towards the use of e-portfolio's as a teaching tool in higher
education.
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