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Abstract
The use of ICT in education has changed substantially over the last two decades. The development of new
technologies has enabled us, the users, to mature and gain experience. The introduction of ICT in the edu�
cational process at the same time means a change of the teachers’ role. The teacher appears in the role of
a mentor who directs the activities of the learner. There has been a change in the teacher preparation to
teach. He should provide both the content as well as technical support and to create a suitable learning
environment. The way of teaching in the natural science and engineering education is specific due to the
need of transfer knowledge into the practice. The nature of work in this kind of education requires more
experimental work, based on individual learning process. There
�������������������������������������������
are many different implementation op�
tions of laboratory exercises that advantageously incorporate ICT into the nature of their work. The most
popular in engineering education are two different types of laboratories: Simulation (virtual) and Remote
controlled (online) labs, defined by Balamuralithara and Woods (2009). A remote controlled laboratory
for conducting remote experiments at the University of Maribor, Faculty of Mechanical Engineering was
developed. Development of the remote lab was carried out as an exploratory work of the group of students
and professors. The lab was developed in the following three phases: development of the construction
with corresponding technical documentation, development of the control system and development of the
system for remote control of a lift. The successful student project is evident through the applicability of the
developed laboratory that serves as a great tool for studying and offers all the benefits of ICT.
Key words: experimental work, higher education, learning environment, pedagogy 1:1.

Introduction

A lot has been written about the use of information and communication technologies in
teaching and learning in the last few decades. With the emergence of modern technologies, the
latter started to be more or less successfully included in the educational process.
A large number of professors saw the introduction of ICT in classes as a threat, similar
to the time of the industrial revolution, worrying that technology would replace their role in the
classroom. But however, experts all agree that ICT can only serve as a teaching and learning
aid, and certainly cannot and should not replace professors (Cox, 1999; Postholm, 2006; Condie, 2007; Dolenc, 2012).
At the moment, a significant change in the mental concept is being observed; as opposed
to the initial frequent use of ICT at all costs, this phenomenon has now settled down. Educators
have started including ICT in teaching in a more planned manner and on the basis of scientific
research and findings. verc et al. (2013) point out that efficient use of modern technologies in
teaching the net generation requires particular emphasis on changing the professors’ work and
their role ( verc et al., 2013).
Ananiadou and Claro (2009) reported the overall objectives of the OECD/CERI project
“New Millennium Learners” (NML) which are, on the one hand, to conceptualise and analyse
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from a comparative perspective the effects of new digital technologies on young people’s cognitive development, values, lifestyles and educational expectations; and, on the other hand, to
examine the responses to the emergence of this new phenomenon in terms of educational policy
and practice. These objectives are recognized as the 21st century skills and competencies which
needs to be developed.
The message for professors in the last OECD publication (OECD, 2013) refers particularly to the preparation of suitable learning environments which enable efficient learning.
Emphasis is placed on establishing the right balance between the teaching strategies used, and
special attention is given to the development of 21st Century competences. Instance and Dumont (2013) summarise the research findings presented in the OECD publication (2013), which
define an efficient learning environment as one:
• That places learning at its heart, encourages commitment to learning and enables students to see themselves as students;
• Where learning is social and often collaborative;
• That is as harmonised as possible with student motivation and the importance of
emotions;
• That is highly sensitive to individual differences, including prior knowledge;
• That is demanding for every student, but does not over overburden them;
• That uses evaluation, coordinated with objectives, with a strong emphasis on formative feedback;
• That promotes horizontal interaction between curricular and extra-curricular activities
and subjects.
The characteristics of an efficient learning environment and development of the 21st
century competencies mentioned above are pursued as the main objective in projects that have
consecutively appeared recently, and which uniformly use the term “pedagogy 1-to-1” or “1:1
environments”. The successful implementation of the 1 to 1 programme “Smart Classrooms”
in schools in Queensland was an excellent reference for the preparation of the “Innovative
pedagogy 1:1 in light of 21st Century competences” project which is currently taking place in
Slovenia, and is financially supported by the Ministry of Education, Science and Sport of the
RS and the European Social Fund.
Innovative Pedagogy 1:1 in the Higher Education

The educational process of the engineering education is usually carried out in two different forms: lectures (theory) and lab work (experimental learning), where students upgrade the
theoretical knowledge and connect it with practice and independent learning.
Experimental learning focuses on the individual learning process, as Kolb (1984) defined, and it traditionally plays a central role in the science and technology curriculum, at all
levels of education.
Šverc et al. (2012) believe that “information technology by itself does not change the
method of teaching and learning. The technology must become part of the culture and pedagogy
that enables a shift toward student-orientated teaching, wherever and whenever” ( verc et al.,
2012).
The “Innovative pedagogy 1:1 in light of 21st Century competences” project (Flogie et
al., 2013) is based on increasing the individualisation of teaching and the personalisation of
learning. It is important to support the introduction of new work forms and methods through
reasonable and systematic use of modern information communication technologies, modern
e-services, multimedia and interactive e-content.
Using information communication technologies in pedagogy 1:1 does not just mean their
use in teaching, but also their inclusion in all the main components of the educational process,
i.e. andragogy/pedagogy, organisation, technology and content.
The goal of the “Innovative pedagogy 1:1 in light of 21st Century competences” project
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is therefore to set the foundation for the introduction of innovative pedagogy in the Slovenian
educational area. In order to achieve this objective the following phases are planned: development, implementation (testing in pilot classes) and evaluation. Due to their extensiveness, these
phases will take place within all expert groups along the entire educational vertical, and will
include 13 consortium partners.
Remotely Controlled Laboratory
The only way for students to connect the theoretical knowledge with practice and to
assimilate necessary practical knowledge and experiences is laboratory work. There are many
different implementation options of laboratory exercises that advantageously incorporate ICT
into the nature of their work:
Lamanauskas et al. (2007) report on the “ARISE” project, where they evaluated the use
of augmented reality in the learning environment. The introduced environment can be created
augmenting real objects found in the environment and usual material visuals with virtual information in the real space. In Siauliai University, a pedagogical experiment was done, and it aims
at establishing effective teaching/learning platform based on augmented reality technology influence upon the learning results.
The next step into the future of e-learning represents placement of “real” labs, as learning
environments, on the Internet. It offers a lot of new possibilities for performing lab exercises,
including simulation environment lab, automated data acquisition and remote control of instruments online. Balamuralithara and Woods (2009) defined two approaches to conduct labs
online: Simulation (virtual) and Remote controlled (online) labs.
The main difference between them is experimental plant, which is virtual in simulation
lab and real in remote lab.
Each of these laboratories has its advantages and disadvantages. The major advantage of
the remote laboratory, which will be described later in this article is that it allows experiments
on the real machine tools and not only the mock-ups. This advantage is essential for future
engineers.
The research is presenting an example of the implementation of 1:1 pedagogy in the education of mechanical engineers through the development of a remote lab built on real plants.
Case Study: The Modern Laboratory for Mechanical Engineers

Defining of Research Problem
The curriculum in the engineering education was comprised of theoretical knowledge
that needed to be upgraded and deepened with experimental learning and practical exercises.
Here we raise the question of whether e-education is appropriate for engineering education. The
fast-moving world of information technology enables different kinds of applications for attaining demanding goals. Both lack of financial support as well as demands for the implementation
of a study process that is separated by space and time are the main reason for the intense implementation of e-education in higher education.
The introduction of e-learning in the higher education system is also an opportunity to
raise the quality of the study process. It is necessary to consider the adequate preparation of
human resources for the technological development. Quality improvement requires a change in
attitude, and development of a new philosophy and new concepts. These concepts are simple,
but the practice of quality improvement is far from easy (Aberšek, 2004).
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Methodology of a Case Study
The group of postgraduate students performed an exploratory research. The development
of remote experiment was conducted in several phases, carried out in a form of student project
work and problem based learning. Students prepared each phase and planned it as a project
task under the tutorship of the professor who was assigned the task to help them and who was
responsible for the project of the remote experiment to be concluded successfully.
The criteria for the exploratory research were defined in accordance with the criteria for
the preparation of a remote controlled laboratory:
- availability 24 hours a day;
- remote access to the experiment;
- security system (switches off the laboratory’s operation to protect the drives);
- monitoring the performance of the experiment via webcams;
and the most important criteria:
- provides users the opportunity to learn programmable logic controller (PLC)
programming and its control from remote sites.
Development of a Remote Laboratory
A main problem in the student task was the connection of an external measurement system and a numerically controlled machine tool. A goal was development of an adaptive control
system which allows a remote experimentation.
Students have developed a general adaptive control system which enables the implementation of a variety of experiments which are conducted on the basis of the LabVIEW software
that is integrated in the Moodle open source virtual learning environment. The article presents
the Experiment for Control of a personal lift.
The lab was developed in the following three phases: development of the construction
(Figure 1) with corresponding technical documentation, development of the control system and
development of the system for remote control of a lift.
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Figure 1: Profile construction of the personal lift.

Students reported that working on this project, they acquired theoretical and practical
knowledge, manual skills and learned about teamwork, thus acquiring extensive experience
that they will need while working for a company.
Experiment for Control of a Personal Lift
The adaptive control system for the experiment for remote control of a personal lift consists of three components (Figure 2): the mechanic construction of a personal lift which operates on three floors (with drives, control unit and sensors), personal computer with appropriate
software for remote control and webcam for control the experiment.
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Figure 2: System for remote control of the lift.

The figure 3 shows the outlook of an experiment website, which provides access to the
experiment, the life webcam and remote control the lift.

Figure 3: Web window for remote control of the lift.

To avoid any congestion, the students must book in advance for the conduct of the experiment. They can access the server only on the reserved dates. When the student logs on, he
takes over the management of the experiment. The program window to manage experiment
transfers (Figure 3) the live stream from the plant, as well as virtual animation operation of the
lift with opening and closing doors, lights and sound, and buttons to operate the lift. The program window also shows the lift control panel with different buttons having various functions.
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Before starting, the student tests the operation of the system and downloads the required
programmable logic controller (PLC) for the implementation of the experiment.
The objective of the experiment is to teach the students to program and use the controller
to remotely control a specific device. During programming, the student can simultaneously test
the functioning and improves the program to the desired operation of the device. After the completion of the experiment required, the student logs off from the system and leaves the device
in the initial state for the next user. He submits the final report of the completed experiment to
the assistant.
Discussion

The specifics of the study program automation require a lot of practical knowledge and
skills that students have acquired with different methods of work, in particular, the emphasis
on laboratory work. In addition, we try to take into account the OECD guidelines that promote
collaborative learning, the integration of digital technologies and the cognitive development of
the individual.
By following these guidelines the strategies of higher didactics are changing and distance learning acquires new dimensions. Compared with the traditional higher education didactics is contemporary much more flexible, as the online labs available 24/7, thus providing work
for larger number of students. We can count many other advantages of the described distance
learning. After depreciation the initial cost the maintenance and management of online laboratory is financially more favourable. Furthermore, the work of an assistant is much relieved,
such e-learning enable more personalization to individual capabilities and, consequently, the
achievement of higher goals of those who are capable of.
Reservation system enables students to use the facility at a time when the faculty was
closed and thus increases the utilization of the experiment, and energy savings. Remote control
experiments provide 100% security to the student, as he is located in a different location.
Various authors highlight the benefits of the introduction of remote laboratories in mechanical education: Calvo et al. (2009), and Dormido (2004) described advantages of the single
form of education allows different ways to use a variety of methods and strategies for using
information technologies:
• “Flexibility: Laboratories can remain “open” 24/7, every day of the year. Moreo�
ver, as students may connect from anywhere in the Internet the laboratories are
accessible when physical access is not possible (e.g., working students, or students
with disabilities);
• Maximal use: In most cases laboratory equipment is expensive. By providing remote
access, laboratories may be available to more students, being even possible to share
laboratories between different universities and research centers;
• Real experimentation: Even though virtual laboratories based on computer simula�
tions and virtual reality techniques provide very valuable experience, nothing can
be compared to the interaction with real plants, although performed in a remote
way. This is especially true when students must be trained to cope with real world
situations;
• Active learning: The learning process requires students being active by doing things
that instruct them.” (Calvo et al., 2009; Dormido, 2004).
Aziz et al. (2009) described online learning environments, which have been used at Stevens Institute of Technology (SIT) for a number of years to provide undergraduate engineering
students with a comprehensive laboratory experience based on content-rich and flexible remote
and virtual laboratory experiments.
Anyway, the eternal pessimist will also find some disadvantages of remote laboratories,
as well as modern ways of working with students.
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Conclusions

The introduction of innovative pedagogy 1:1 in higher education area, more specifically
at the University of Maribor, Faculty of Mechanical Engineering is presented.
Remote lab is based on an increase the individualisation of teaching and introduced new
forms of working. The lab is supported by reasonable and systematic use of modern information and communication technologies, which is giving him an added advantage.
Case study presents the development of the remote lab which was carried out as a successful student project and its utility is a reflection of the remarkable work done. Postgraduate
students, who participated in the project “development of a remote laboratory”, achieved higher
cognitive goals and developed many skills. The laboratory was tested in the past year to carry
out lab work and students’ satisfaction has encouraged us to the fact that in the coming academic year, we’re planning to evaluate which skills and competencies of the 21st century the
students develop conducting the experiment.
The case study is an excellent presentation of inclusion of the ICT into the higher education process and complexity of the integration of all components, which in modern methods of
teaching, consider the following: pedagogy/andragogy, organization, technology, and content.
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