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Abstract - The rapid growth of internet-based
technologies has brought fundamental changes to these
of laboratories. It enables remote access to laba@y
equipment and instruments. In the future, not only
computers will be connected to the internet, but me
and more devices like individual washing machines,
entire plants or autonomous lawnmowers, will be
accessible remotely through the internet. These dies
can be controlled, programmed, configured, observed
and maintained from distance. Nowadays, the use of
online experiments for training, teaching, and leaming
purposes has become pervasive in many disciplinel
engineering fields, this technology needs to be ggrated
in the curricula to prepare students for their professional
lives. They need knowledge in remote control and
distributed product development. This paper preserg the
work of the Network of Excellence in Professional
Learning (ProLEARN)?! by the working group “online
and remote experimentation”. It provides an overviev of
the development of a catalogue of online experimest
information on a common technical framework, and
lessons learned from educational evaluations. Three
other members of the working group will complete tlis
introduction [1]-[3].

Online experiments are remotely controlled expenise
consisting of real experiment equipment or software
simulations that are built for learning purposesalremote
laboratory, students and devices are at differenatlons.
Students work with a computer that is connecteéhertb a
real experiment device.

The experiments enable students and professional
learners to get hands-on experience without thd teeave
their workspace and go to a traditional local |abory.
Compared to local experiments, remote and virtual
experiments have the potential for flexible leagnin time
and space, access to a large number of experiraadtsost
savings through experiment sharing [5]. This insecaf
efficiency makes the laboratory equipment availatdea
larger pool of students. Consequently, they hageptitential
for a much wider and more efficient use of resosirce

CATALOGUE OF ONLINE EXPERIMENTS

Nowadays, there are many examples of online expgertisn
that are of great importance especially for enginge
education [6]. But it is difficult for learners tccess and to
use them as they are not integrated into a common
framework. They differ widely in their user intects, user
management and time reservation schema. This dsthés

Index Terms- Virtual and remote experiments, knowledgecase for supportive functions like taking notes,tada

base catalogue, educational value of online experim
INTRODUCTION

Professional learning requires learning contentt tia
relevant to the working context as well as actigarhing
forms that build factual and also applicable knalgle.
Since engineering is a practical discipline whesang is the
key, hands-on laboratory experiments are essezlgatents
in science, engineering, and technical educatiosal Ror
virtual objects in experiments are common
disciplines. Experiments allow the application @esting of
theoretical knowledge in a practical setting.

recording and data processing. Furthermore, thereo
comprehensive overview available of these experisaeso

it is difficult for educational institutions, teaets and
students to find online experiments suitable foucadion
and training in their field. Experiment developeaild get a
quicker start in building new laboratories if thegd better
access to technical know-how of other experiment
developers. Educational researchers could bettiédt bpon
the work of others and focus their research if thag an
overview of all educational evaluations performedhw

in manyonline experiments.

In order to make better use of existing projectse o
working group of the “Network of Excellence in Peg§ional

The introduction of the internet has boosted thd earning (ProLEARN)” [10], funded by the European

implementation of remote and virtual laboratoriespecially
in science, engineering and technical educationinenl
experiments have become a crucial part duringabeyears.

! The “Network of Excellence in Professional LearniffgroLEARN)”
strives to integrate European activities in e-Leaagninto a powerful and
meaningful community in order to establish Europeavorld leader in this
field.
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Union, is dealing with the consolidation of Europea
research in this field. A web-based catalogue ofinen
experiment descriptions has been created to prowide
overview of existing online experiments and laboriats.
This electronic online repository of experiment atgstions
allows educators, experiment developers and edunti
researchers to locate online experiments of interds
required, they can contact the experiment owneffdaher
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information and negotiate access rights to the mx@at, over the Internet through a web-based user inter{&g.
obtain technical information for building their owab or  Access to store and retrieve descriptions is ffedharge.
obtain scientific articles on educational evaluagi§6].

TECHNICAL FRAMEWORK

A joint technical framework for online experimeraows
experiment developers to concentrate on a spegéit of
the experiment and to provide a component of higdlity.
The online experiments make a large coherent né&twor
together. Each experiment in this network can gdml used
by learners once they have mastered the first erpat and
understood the common basic principles.
As a first step towards the technical frameworke th
working group has identified the essential servicesimon
to most online experiments. The specification doenim
FIGURE 1 includes modules such as: manipulation and operatio
NETWORK OFPROLEARN PARTNERS CONSTRIBUTING TOCATALOGUE OF tUtormg and .SUperVISIOI'], Collaboratlon and tear‘rhwor
ONLINE EXPERIMENTS support, authoring and deployment as well as manage
[7]. Implementation is accomplished with an intagca
As a first step, metadata attributes for onlinetoolset that fits the framework. Partners can irdesg own
experiments had to be defined. Categories includ&oftware components to build an open source Europea
experiment components, number of set-ups, intenacti toolset based on the EPFL eMerSidoolset. eMersion is a
modes, availability, reservation policy, and gusstess [7].  multidisciplinary initiative to deploy innovativeegagogical
scenarios and flexible learning resources for sttpppweb-
based experimentation in engineering educatiors piroject

The online experiments metadata schema is the form&as been developed at the School of EngineeringssSw
for describing online experiments, similar to teé@ma for a  Federal Institute of Technology in Lausanne (EPRid is
specific library catalogue used to describe books.an currently refined and spread in the framework o th
online experiment is a special kind of learningenj we  ProLEARN European Network of Excellence. Partnese u
preferred to specify our schema as an extensiorarto the toolset to re-implement existing experimentd anild
established metadata schema for learning objetiterrthan  new ones. This provides insight on features andpco@nts
developing a new one from scratch. Thus, only tiditmnal ~ needed for different application domains for thettfer
attributes haved to be specified and developméotitsfvere ~ development of the toolset [7].
kept at a low level. The extension is based orEithecaNext
metadata schema. EducaNext is a global portal stipgo EDUCATIONAL VALUE OF ONLINE EXPERIMENTS
the creation and sharing of knowledge for higharcation.

It is open to any member of the academic or researcAs described, working with real devices or reatisievice
community for the exchange of educational contemti a models is an important part of engineering and ritzt
sharing knowledge. education. Laboratory sessions have to be includethe

The online experiments catalogue is available at theducation curricula in order to enable studentapply their
EducaNext portal [4]. Currently, there are 52 astrin the theoretical knowledge to a practical situation @aadadopt
catalogue of online experiments with a wide randge onew skills within a realistic environment [8].
different classes like computer science, medichbielogy, Traditional laboratories are supervised by a tuttio
physics, geology or mechanical, electrical or cluaini gives students feedback on their progress and geevi
engineering. Some experiments are set up on aiechnical assistance. He or she also motivatesestsd
interdisciplinary basis and cover more than oneigime  assesses the learning progress, and sets times ljgjit In
[6]. The main areas of remote experiments are tsituan  remotely controlled experiments, where students their
mechanical engineering on the technological sidel anlearning experience over the Internet, instructicwgpport
computer science on the scientific side. The mostrnon  has to be provided, too [8]. From an educationahtpof
learning method is self-directed learning alonénogroups.  view, the use of remote laboratories requires aovative
To store the online experiment descriptions acogrdo the educational approach. In general, small groupstedests
metadata schema, a content management system tugs. se work on predefined assignments. This allows thershare
It is possible to enter descriptions and searchiéscriptions their expertise and ideas to solve the often corple
measurement, construction or programming tasksrniees
need to cooperate with other remote learners andoa to
2 KTH = Kungl. Tekniska Hogskolan, Sweden, UPM = \dnisidad Polic- solve demanding experimental and constructive tatke
técnica de Madrid, Spain, DIBE = Universita dedlid di Genova, Italy, tutor supports the student over a distance via hwymmus

ETHZ = Eidgendssische Technische Hochschule Zi8uhtzerland, FH P
IESE = Fraunhofer Institute for Experimental SaftesEngineering, Kai- and asynchronous communication tools such as teat, c

serslautern, Germany, EPFL = Ecole Polytechniquiéfade de Lausanne,

Metadata for online experiments

Switzerland, RWTH = Rheinisch-Westfélische TecbhésHochschule 3 http://lawww.epfl.ch/page13172.html (12.06.2007)
Aachen, Germany, L3S = L3S Research Center, Ggrman 4 http:/iwww.epfl.ch (12.06.2007)
Coimbra, Portugal September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



video conferencing and application sharing [8]. Y imeake
instant support and problem solving possible.

FIGURE 2
HARDWARE AND CONSTRUCTION OF THELASEREXPERIMENT

Within the work of the working group “online and
remote experimentation” we determined factors atficing
educational value. This includes the areas of bolative
learning, the impression of interacting with realit
(authenticity) and the ease of use (usability).sEh@ivisions
are conducted by the L3S Research Céntéannover, the
KTH®, Stockholm [3] and the EPFLLausanne [1].

=l

FIGURE 3
WEB-BASED EXPERIMENT ENVIRONMENT FORLASERDISPLAY EXPERIMENT
CONSISTING OF AREASTELEPRESENCELEFT), PROGRAMMING (MIDDLE)
AND COMMUNICATION (RIGHT)

At the L3S Research Center we investigate the énite
of face-to-face communication versus computer-media
communication within student groups and betweedestts
and tutor on learning effectiveness, motivation,d an
consulting effort. The educational value is detemi
through
experiments under controlled conditions or throudid
tests. To determine the effect of distributed grevgrk in
the specific context of remotely controlled expexints, we
carried out a comparative evaluation. It comparbée t

5 http://www.I3s.de (12.06.2007)
® http://www.kth.se (12.06.2007)
7 http:/iwww.epfl.ch (12.06.2007)
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laboratory tests where students use onling‘

learning process of distributed groups with groups
cooperating locally. Evaluation methods includeddsnt
observation, performance tests, measurement of ledow
gain, and student satisfaction. In both cases,estisdwere
supported by a tele-tutor. Both groups had the stask
assignments and were assisted by the same tetettuto
determine constant factors in the study.

Although computer-mediated communication is more
difficult than face-to-face communication becaugenssing
social clues, the remote assistance has proverotk very
well with application sharing and audio transmissheing
the most important communication media. Distributed
student groups compared to collocated students dmdyl
little lower task success. This effect is smallbart the
effects of initial knowledge and language proficggnThe
outcome can be seen as an indication that distribut
remotely controlled laboratories are an educatlgredund
alternative to collocated laboratories. Students banefit
from the increasing flexibility in time and locatiovithout
major losses in the quality of the educational exmee [8].

CONCLUSIONS

Online experiments have become an elementary part o
engineering education. Numerous online experiméatse
been developed during the last year and are widadpin
different disciplines.

A knowledge base catalogue of online experiments
descriptions has been created to provide an owenaé
existing online experiments as well as laboratoded to
facilitate their search for students and educat®irsce good
content is the key to success for such a knowldédge, the
catalogue needs a sufficient number of online erpanrt
descriptions, so that people are motivated to bedioc
experiments. Only if enough people search in thialegue,
experiment owners are motivated to enter new desunis
for their own experiments. For this reason the prou
continuously enters experiment descriptions to hiedds
critical mass. As a European project, the focusléarly on
European experiments, but also some world class
international experiments can be found in the deabas
well. An advantage is that all core partners argbeiated
partners can contribute easily by writing new dipsians.
Currently, the catalogue includes more then 50 rifgfms
of online experiments and is being extended cootisly.
This can be the foundation for a self-amplifyingcley as
more learners are attracted to use the cataloguwre m
experiment hosts are motivated to publish theierstf

However, a comprehensive catalogue of online
experiments and a common framework is not enough to
improve the learning situation. To establish a high
educational value to professional learning orgaitina and
eir students, it is also necessary to determihe t
educational value of online experiments. By usimgnt in a
reasonable educational setting, students shouldrégared
for the ability to learn in a self-directed modehi§ is an
important factor for success in life-long learning. is
important to support the students’ self-directeariéng so
that they achieve maximum responsibility and cdnorger
their learning progress.
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