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Abstract—The increasing use of emergent technologies in
industry, medicine, research, training and education attests
to the relevance of their integration in teaching/learning
approaches.

Online experimentation comprises remote and virtual ex-
perimentation also supported and complemented by other
online tools that incorporate necessarily the use of emergent
technologies.

The present work synthesizes the final outcomes of a project
aiming to develop, use and disseminate Online Experimen-
tation, funded by the Calouste Gulbenkian Foundation.
Some application examples are given to illustrate the use of
online experimentation on different contexts, such as sec-
ondary and higher education (STEM), lifelong learning or
industrial training.

Index Terms—online experimentation; virtual reality; aug-
mented reality; haptic interfaces; intelligent tutoring.

[. INTRODUCTION

Online experimentation is an important current topic,
based on emergent technologies, like remote access to
experimentation, virtual 2D and 3D experimentation,
augmented reality applications, sensorial devices for re-
mote or virtual reality interaction and other additional
tools as serious games, videos and interactive videos,
available through web platforms with intelligent tutoring
functionality.

In our perspective its use in education is essential be-
cause everyone will be (or already is) involved every-
where by the “Internet of Things”, at home, in the street,
at work, in the health field, for entertainment, etc.

These aspects are involving us all and many of them are
used for helping people to improve the conditions of their
everyday life.

All this progress also brings other requirements — it
brings the constant need of learning how to use and take
advantage of those new tools. So it is essential to look at
lifelong training.

Later retirement tendency and population aging, both in
USA and in Europe, also contribute to intensify the need
for lifelong training in the use of technologies [1- 3].

Horizon 2020 defines, in its Pillar I “Excellent Sci-
ence”, the line of Future and Emerging Technologies
(FET) [4], with areas as, for example:

* Support the growth of ICT innovative Creative In-
dustries SMEs;
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* Technologies for creative industries, social media
and convergence;

* Technologies for better human learning and teaching;
* Advanced digital gaming/gamification technologies.

As a natural consequence of all these tendencies the
dissemination and use of online experimentation in teach-
ing/learning environments are vital. Many other additional
advantages are also associated and are often presented in
many works in the field.

The use of online experimentation and its dissemination
have been goals of recent projects funded by Calouste
Gulbankian Foundation (CGF) in recognition of the rele-
vance of the topic.

The Experiment@Portugal project funded by CGF in
2010-2011 was the seed of the Portuguese consortium in
online experimentation based in the remote and virtual
labs of higher education institutions in Portugal, which are
available in the platform pt.lab2go (http:/pt.1ab2go.net),
the  Portuguese  version of platform  lab2go

(http://lab2go.net) [5].

“Experiment@Portugal-2012: Online experimentation
contents”, which will be briefly described in this work,
has been devoted to develop documental, multimedia,
virtual and augmented reality contents, remote experi-
ments, intelligent tutoring modules and low cost proto-
types of haptic devices to be added to some of those al-
ready existing resources available at the pt.lab2go plat-
form.

The project aimed to increasingly involve emerging
technologies in education and in lifelong training with
resources adapted to engineering, science and industry
areas. It is also intended to develop contents in the STEM
(Science, Technology, Engineering and Maths) area.

The webpage experiment@portugal has been designed
to disseminate and to promote the online experimentation
(http://www.fe.up.pt/experimentaportugal) by offering
diversified information in its contents. It has also been
used for helping in the diffusion of concepts, following
the international ontology recommended by the GOLC
(Global Online Laboratory Consortium), http://online-
lab.org/. In addition, experiment@portugal also aims to
share resources with Portuguese speaking countries.

At present, other objectives have already been accom-
plished such as:

* To intensify the cross-universities network on online
experimentation by intensively joining two of the
Portuguese consortium partners (University of
Coimbra and University of Porto) with other consor-
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tia in the world as is the case of the NeRELa Tempus
project [6], potentiating the promotion of intercultur-
al collaborative student and teacher activities;

* To disseminate the cross-collaboration in online ex-
perimentation between university-secondary schools,
bringing teachers and students to cooperate in testing
and evaluating the effectiveness of some of the de-
veloped resources as reported in different works [7]
and in engineering education [8], both under submis-
sion;

* To attenuate the tendency for reducing experimental
activity as a consequence of the Bologna process [9-
11];

* To bring into the teaching-learning process the use of
emerging technologies already in use in our everyday
life;

* To contribute with online engineering experiments at
lifelong learning level, mainly in good collaboration
with industrial partners [12-15];

* To disseminate experimentation helping to overcome
today’s deficit of youngsters in Science and Technol-
ogy [16];

* To promote the Experiment@International Confer-
ence series (exp.at xx), and so the Online Experimen-
tation, in the international community to a forum of
discussion as it already successfully happened during
the exp.at’l3, held at University of Coimbra, Sep-
tember  18-20, 2013, Coimbra, Portugal,
http://www.fe.up.pt/exp.at2013/.

In the next sections different approaches supported in
emergent technologies and some outcomes of the Experi-
ment@Portugal-2012 project will be briefly described.

II. APPROACHES USING EMERGENT TECHNOLOGIES

Experiment@Portugal-2012 has considered different
approaches to online experimentation exploring emergent
technologies as virtual and augmented reality, sensorial
devices and additional tools as interactive videos and
intelligent tutoring systems.

A. Virtual and Augmented Reality

Virtual and augmented reality can be used to generate
environments as lifelike as possible [17]. Flight simula-
tors, serious games, virtual access to a nuclear reactor
under operation [18], virtual equipment as the virtual
Michelson Interferometer [19] or virtual experiments
about basics concepts of physics as the virtual inclined
plane [20], are few examples among many others from
different fields developed for learning and training activi-
ties. Theoretical concepts are also receiving important
contributions from these computing potentialities as is the
case of many studies in engineering, sciences, astronomy
and medical areas, among many others.

Virtual reality is a very powerful and useful tool in the
engineering field started in the 1960s and also with high
relevance to online experimentation. A virtual experiment
could be just a 2D simulation or a considerably more
complex software program using high performance com-
puters and new techniques to make possible the user inter-
action with the 3D world.

Augmented reality (AR) is a technique in which layers
of virtual information are added to the reality, making it
richer and more interesting and useful.
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Pioneering works associated to AR are attributed to [21,
22]. Since the very beginning, assembly tasks have been
identified as being of interest for use of the AR technolo-
gy. In 2003 the potential of AR in a car door assembly
was reported in [23], while in 2012 AR was considered as
relevant in complex assembly tasks [24].

Some application examples have been developed to il-
lustrate the applicability of this technology to diverse
systems and different learning/training contexts.

B. Low Cost Haptic Device

Concerning the interaction with equipment or virtual
reality applications, haptic devices or kinesthetic systems,
are, nowadays, used to improve the user’s immersion.
They allow the user to get perception of different sensorial
information as a feedback result of the user interaction
with the real or the virtual world. Feeling the real system
or the virtual replica brings new dimensions to the cogni-
tive process.

The concept and materialization of haptic devices ap-
peared a long time ago, with the development and inten-
sive use of flight simulators, the first having become
available in 1928. More recently, haptic devices are being
used for training purposes, either in industrial or in medi-
cal areas. For example, industrial assembly tasks have
been responsible in the past for more than 60% of the total
product cost, being for this reason one of the most studied
processes in manufacturing industry [25] since the early
stages.

The use of virtual reality (VR) with haptic interaction
brought a very important degree of immersion with intui-
tiveness and interaction allowing the user to achieve effi-
ciency in the planning and in the evaluation process and
also in assembly/disassembly operations during the design
process. Haptic devices can be used in many other areas
and the availability of low cost versions is important for
concept dissemination in the educational area.

Some works report how haptic devices have been used
in education to bring benefits to dynamic system studies
[26], or to the mechanical characteristics of the material
[27] or, as is the case of the work described in [28], “na-
nomanipulator applications for tactile feedback and to
manipulate objects such as viruses that are nanometer-
sized”.

The present development of a very low cost haptic de-
vice involves conception of such solution, its design, con-
struction, testing and finally the communication protocol
for interacting with a virtual application. Fig. 1 is the very
first prototype of 1DOF haptic device, developed during
the project and used as concept proof.

Figure 1.

A low cost 1DOF haptic device.
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C. Interactive Video

In general terms a video can be considered as a mes-
sage/story/content to be delivered in a linear sequence of
images according to a specific associated screenplay. An
interactive video can be defined as “the use of computer
systems to allow proactive and random access to video
content based on queries or search targets” [29, 30].

The interactive video improves the already recognized
abilities of video content and interactive techniques and its
use in education and training at different levels. Several
examples can be found in a b-learning approach to health
and safety (H&S) subjects, in civil engineering construc-
tion at undergraduate and postgraduate levels, in engineer-
ing education and at industrial training level [29].

The examples developed in this project consider a set of
videos assembled to reach a given objective and combined
with various hypermedia elements, allowing the user to
control his/her learning process.

D. Intelligent Tutoring System

To enhance the learning/training process, the specifica-
tion and development of a Web platform should took into
account the features of cooperation and virtual tutoring.
The inclusion of an Intelligent Tutoring System (ITS) in a
Virtual Learning Environment (VLE) could enhance the
students’ learning and understanding by meeting the stu-
dents’ expectations under specific constraints [31] and
improve the VLE’s characteristics by detecting possible
systematic incorrect procedures.

ITSs consider, usually, four main modules: the domain
model, the student model, the teaching model and the
graphical user interface (GUI). Each module can be sup-
ported on Artificial Intelligence (Al) techniques, which
use representations of the knowledge domain to under-
stand the student’s behavior and provide an intelligent
response [32]. ITSs can provide advantages in the stu-
dent’s exploration and interaction by following the per-
formance of the student in real time, using task planning
to enhance the student learning and providing feedback,
help and guidance to address the student immediate prob-
lems [33].

The technological evolution and advances in Al, neuro-
science, psychology and cognitive science have brought
significant and promising changes into the computer tutor-
ing field. To assist learning in an intelligent manner, re-
search has focused on addressing computer perception, the
representation of the domain, the representation of the
student mental state and the adaptability and sequence of
responses (e.g. activities, problems and feedback) [34].

The main tasks involved in this project, concerning the
VLE, were the specification and development of an ITS to
acquire, store, represent and evaluate learner behavior and
also to communicate with the student for enhancing
his/her motivation and facilitating understanding.

III. APPLICATION EXAMPLES

To illustrate the use of these emerging technologies,
some examples of applications of online experimentation
developed during the Experiment@Portugal-2012 project
are presented, considering the contexts of secondary edu-
cation, engineering education and lifelong and industrial
training.
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A. Applications for Secondary Education

Fig. 2 shows a very simple example of the application
of augmented reality based on a set of markers associated
with different circuit elements (battery, switches and
lamps), where the students can observe the intensity of
light of various lamps as result of combining different on-
off switches. The idea is to offer the possibility to insert
different components in the electrical circuit and verify its
operation when correctly set up.

Another example for secondary education was devel-
oped using an interactive video to explain the gravity
pendulum movement. Fig. 3 shows the interface of a
module on a basic concept of Physics, the oscillatory
movement of the gravity pendulum which, in addition to
the introduction of the associated concepts, is intended to
illustrate the influence of the changes in body mass, wire
length and gravity force in the pendulum’s period of oscil-
lation.

B. Applications for Higher Education

Some applications for engineering education have been
developed. Fig. 4 shows the user interface layout of a
virtual experiment based in selectable springs by pre-
definition of geometric parameters for different materials,
which leads to different spring constants. The interaction
with the virtual representation is done using the developed
1DOF haptic device, giving the possibility to the user to
“feel” the force required to compress the spring according
to different spring constants. This is an application orient-
ed for freshmen students.

Other example deals with the seepage phenomenon us-
ing an approach based on an interactive video to combine
different hypermedia elements which present a brief his-
torical and technical perspective about dams, their struc-
tural configurations and main roles, with a special focus
on embankment dams. Statistical data about large em-
bankment dams is provided, as well as information about
safety issues and accidents in this type of engineering
works. Fig. 5 illustrates this application.

C. Applications for Lifelong and Industrial Training

Fig. 6 shows a model of a remote system for flatness
evaluation based on AR. The user can observe from any
angle, manipulate and interact with the virtual replica of
that remote equipment, perform a test and even get the test
results by email, for later evaluation. The flatness evalua-
tion is a surface property with interest for lifelong learning
activities or industrial training, as well as for mechanical
engineering education.

Figure 2. Electrical circuit using augmented reality.
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Figure 3. Interactive video for the gravity pendulum.

Figure 4. Virtual application with a haptic device for spring evalua-
tion.

~J
Groundwatar Flow on Embankment Dams.

Figure 5. Interactive video for seepage phenomena.

The characterization of nanoparticles, illustrated in Fig.
7, is other topic with interest for industrial training. In
fact, although nanoparticles are present, nowadays, in
several applications, professionals need to update their
education, since they have to deal with these materials and
this subject was not present in their initial academic edu-
cation.

IV. THE EXP.AT’13 INTERNATIONAL CONFERENCE

In terms of dissemination of Online Experimentation,
the organization of the 2™ Experiment@International
conference, exp.at’l3, was the main contribution of the
Experiment@Portugal-2012 project.

exp.at’l3 brought together all type of emergent tech-
nologies and online tools for online experimentation. Its
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Figure 7. Interactive video: nanoparticles characterization.

objectives were to promote interactions involving engi-
neers, researchers and professionals from different areas,
for the advancement of science and technology, to open
new perspectives for teaching and training activities, to
inspire high quality research in online experimentation
and to disseminate experimentation as a fundamental
aspect to attract new persons to this field. The level of
involvement of all participants was the real and most
significant result of this event.

The exp.at’13 conference, held at University of Coim-
bra on September 18-20, 2013, included sessions for sci-
entific presentations, plenary sessions with invited key-
note speakers, industrial and thematic workshops, sessions
for thematic discussion and to present the Horizon2020
EU program and two exhibition sessions, where works
about the application examples described here were pre-
sented as live demonstrations.

V. FINAL REMARKS

This paper describes the some of the main outcomes of
the project Experiment@Portugal-2012, concerning the
use of emergent technologies and interaction using haptic
devices to develop and promote the Online Experimenta-
tion in different learning/training contexts.

Some application examples for secondary and higher
education and for lifelong and industrial training were
presented. The 2™ Experiment@ International Conference
— exp.at’13 was also introduced.

The authors expect to have contributed with a new in-
centive for the online experimentation and to reinforce the
opportunity of creating a new consortium to deal with the
new opportunities and challenges of Horizon 2020 EU
Program.
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