Remote Experimentation Network
YYield'ing an Inter-University Peer-to-Peer e-Service
-

Gustavo R. Alves', Jose M. Ferreira",
Dieter Mller", Heinz-H Erbelv Nick Hinev

J. B. M. Alvesvi, Carlos E. Pereiravii, Luciano
Chiangvl, Orield Herreraix, Enrique Sucarx

Porto, Portugal, ca disc *i

viUFSC, Florianopolis, Brazil, jbosco.kinfufsc.br
l
ViIUFRGS Porto Alegre, Brazil, p
r
vlIIUCC. Santiago, Chile, Ichiang&ing.puc&1
IxUCT, Temuco, Chile, oherreracluct.cl

jIPP

"UP, Porto, Portugal, jmf4fe.up.pt
"'UB, Bremen, Germany, umuch dc -bremen

VTUB, Berlin, Germany, heinz.erbeklit-berfinde
vUD, Dundee, Scotland,

XITESM, Cuemavaca, Mexico, esucargitesm.mx

__

* It closes the gap between simulation and real-world
experiments, while still using a simple PC.
Interestingly enough, the concept of a virtual lab is
somewhere between a simulation environment and a
remote lab, as although it is a simulation (i.e. the
actions are performed on a model), the context is
very close to what happens in the lab. Very often the
virtual lab acts as an antechamber to the remote lab,
allowing the student to practice his/her skills on a
safe environment and then, when confident enough,
try out the same actions on real equipment and/or
devices.
* It is an economic solution for distance leaming
courses on engineering fields that traditionally
require one or more on-campus weeks for completing
the practical part of the courses. Within this concept
(economics) is also the possibility of accepting more
students at private universities that often limit their
numerus clausus according to their maximum lab
capacities (a well equipped lab with technician
support is often costly to any organization).
* Because real experiments are conducted through a
computer interface, all accessibility problems are
transferred from the lab domain to the computer
domain, where a number of proven solutions are
already available;
* It allows access to expensive equipment (e.g. an
electron microscope) on a 24-hours, 7-days basis (not
counting on maintenance periods), giving students
the opportunity to use it, or otherwise they would be
unable to do so;
* It allows collaborative work, although this set-up
brings additional requirements: existence of
synchronous communications tools (chat, audio- or
video conference); possibility of passing the control
to other users engaged on a session, or devising some
sort of a collaborative scheme (e.g. one student
controls equipment A and another student controls
equipment B, both interacting to achieve the leaming
objective); among others.

Abstract
The goal of this paper is to disc ss the benefits and
challenges of yielding an inter-continental network of
remote laboratories supported and used by both
European and Latin American Institutions of Higher
Education. Since remote experimentation understood as
the ability to carry out real-world experiments thro gh a
simple web browser, is already a proven solution for the
educational community as a supplement to on-site
practical lab work (and in some cases, namely for
distance learning courses, a replacement to that work),
the purpose is not to discuss its technical, pedagogical,
or economical strengths, but rather to raise and try to
answer some questions about the underlying benefits and
challenges of establishing a peer-to-peer network of
remote labs. Ultimately, we regard such a network as a
constructive mechanism to help students gain the
working and social skills often valued by
multinationallglobal coli panies, while also providing
awareness of local cultural aspects.

1. Introduction
What is the motivation to remote experimentation? A
brief, not complete survey on existing literature reports
the following answers:
* It is a complementary educational resource that
allows students to run physical experiments from any
computer connected to the Intemet, in addition to
performing those same experiments at a local lab, as
part of their normal practical work, in a given course

curricula;,

* Likewise, it allows teachers to better demonstrate
physical concepts during a traditional lecture (i.e. a
theoretical presentation on a classroom), by simply
connecting to the remote lab and muning one or more

experiments;
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such as e-learming and distance learning, among others.
Within engineering, soon the educational community felt
the need for more powerful combinations: linking
educational contents from several sources; links from
text documents to modules with hands-on, namely on
simulation; and finally, to real-world experiments [5].
The World Wide Web (WWW) and its associated
technologies (hypertext, web browsers, etc.) provided
the platform for the large-scalel implementation of such
concepts and ideas, including the free offer of
educational materials to the entire engineering
community [6]. On the last topic (remote
experimentation), the first references to making an entire
undergraduate lab available through the WWW, date
back to the mid 90's. Aktan [7] claims his real-time
remote-access control engineering teaching lab to be the
first (on its class) undergraduate lab with complete
(interactive) Internet access. Aktan also uses the
expression "Second Best to Being There" (SBBT) to
characterize the complementary nature of remote labs.
Esche [8, 9] describes a more recent undergraduate lab,
with a strong emphasis on pedagogical issues and
enabling technologies.
Two examples of such approaches (bottom-up and
top-down), relevant within the context of this paper,
come from the Federal University of Rio Grande do Sul
(UFRGS, Brazil) and the Faculty of Engineering of the
University of Porto (FEUP, Portugal). Following on the
teaching of control engineering and industrial networks,
where the need for providing relevant hands-on materials
to students, is particularly regarded by the surrounding
industrial companies (ultimately, the employers of
UFRGS graduates), some elements of the Department of
Electrical Engineering set up an experiment on a closed
loop of two hydraulic tank circuit controlled by FieldBus
devices. This experiment is used to: a) teach concepts on
control engineering (e.g. PID control, closed-loop
control); and b) teach current technology on industrial
networks (e.g. FieldBus). As the control devices are
equipped with an Ethernet port, the interconnection to
the Internet and the possibility of web-based access for
setting up a remote experimentation scenario
immediately followed [10]. Following a top-down
approach, an R&D group (accumulating lecture duties)
of FEUP, started to develop web-based educational
materials on electronic test, first on a simple form [11]
and then using richer multimedia approaches [12, 13,
and 14] with a strong emphasis on the pedagogical
aspects associated with e-leaming materials [ 1 5]. Adding
the possibilit of performing remote hands-on sessions
was the last step towards a complete web-based solution
for the teaching of electronic test concepts [16, 17, 18,
19, and 20].

Perceiving the motivation is essential to answer two
other important questions: what is the added value of
remote experimentation and how can it be measured?
The reasoning is simple: if it is possible to measure a)
the educational gain obtained through remote
experimentation and b) the effort made to set up or use it
(here, we distinguish the supplier/client perspectives - an
issue to discuss later, at this paper), then subtracting the
two and comparing against the motivation aspect(s)
provides an idea of the added value. If the result does not
match the initial expectation(s) then a possible solution
is to look into the equation and try to improve the
equation terms, i.e. increase the educational value and/or
reduce the effort.
The proposed solution is part of the ground that helps
to understand the benefits and challenges associated with
a network of remote laboratories. The rest of the paper is
organized as follows: section 2 provides some more
background on remote experimentation; section 3
presents a brief analysis of existing networks of remote
labs and, also, why/how some universities united efforts
to submit a proposal to the ALFA-I (America Latina
Formnacion Acacdmica) program, for sponsoring yet
another network; section 4 presents the proposal itself,
namely the network composition, the project goals and
activities, and the consortium's past experience, current
resources, and expectations; finally, section 5 highlights
the points perceived by the consortium as the benefits
and challenges of creating and sustaining a peer-to-peer
network of remote labs. Section 6 concludes the paper.

2. Background
Besides the motivation aspects listed on the previous
section, remote experimentation sometimes appears as a
natural evolution of something previously existent. For
instance, certain equipment was originally controlled by
a dedicated electronic interface (e.g. in a nuclear power
plant). With the widespread of computers, the dedicated
interface became a computer program, and later, with the
emergence of networked computers, it became possible
to control that equipment from any computer connected
to the same network [1, 2, 3, and 4]. This could be seen
as bottom-up approach as the equipment was originally
meant to be remote controlled, and then following the
trend associated with adopting computer-based
interfaces, and later interconnecting the computers, it
became possible to remote control the same equipment
(or its natural evolution) from any computer connected
to the Internet. As, at the Higher Education level, there is
a concem to cover case-studies based on real equipment,
it immediately followed the access to those equipments
in a remote experimentation scenario.
Following a top-down approach, several universities
started to use computers as an educational tool,
justifying the expression Computer Based Leaming
(CBL), now widely associated with similar expressions

While in 1993 the number of web servers available around the world
reached a total of 50 units, the eurrent number is in the order of
several tenths of million.
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3. Networked remote labs

This situation fails to observe the basic principle of einclusion, and so, in our opinion and concerming
Information Technologies (IT), universities should
cooperate on a no-cost basis, by sharing e-services
among them. This idea was at the inception of a proposal
to the ALFA II program, entitled Remote
Experimentation Network - yielding an inter-university
peer-to-peer e-service (RexNet-yippee), which is
described in some detail in the following section.

The WWW brought new possibilities to the
educational community in terms of cooperation and
collaboration in producing, sharing, linking, and
updating leamring materials, especially in engineering
fields as quite often such activities require some
knowledge of the enabling technologies (e.g. web
programming tools such as Java and php, among others).
For instance, a few years after the WWW inception,
Cobby reported close cooperation among a number of
British universities to produce web-based contents for
teaching electronic engineering, under the INTERACT
project [5]. This sort of cooperation scheme among
universities soon followed the two approaches described
in the previous section, and so the passage of isolated
remote experiments (or labs) to networked remote
experiments (or labs) came obviously [21, 22, 23, and
24]. Noticeably, Eikaas [23] describes the creation of a
business model based on a scheme where individual
experiment owners offer remote access to their
laboratory facilities. The access to these facilities is
offered via an independent operating company
(CyberLab) - the Experiment Service Provider (ESP) that offers eCommerce services like booking, access
control, invoicing, dispute resolution, quality control,
customer evaluation services and a unified Lab Portal.
Although Eikaas refers several cost levels, starting from
free access to a limited set of the ESP services, the basic
idea is somewhat conflicting with the general
cooperation schemes used within academia. In fact, and
concerning to remote experimentation, cooperation /
collaboration can be addressed distinctly from the
supplier and client perspectives. Within the solution
provided by CyberLab, the client may either be an
university willing to have its remote experiment (or lab)
included in the ESP portal or an university willing to use
one of the remote experiments made available through
the portal. Further down, and within the last mentioned
university, the client may actually be a teacher willing
to: a) access a remote lab for a real demo within one
lecture; or b) propose its use to students enrolled on
his/her course. The last envisaged scenario raises
additional questions if the remote experiment calls for
collaborative work among the students, i.e. two or more
students have to work as a group in order to complete it
[25, 26, and 27]. Being one of the most valued aspects of
lab practice - team work - one may argue if such a
scheme could not benefit from having students from
several universities (not necessarily from the same
country or continent) working together to achieve a
certain learning objective. In our opinion, cost figures
are generally not perceived in the same way by different
universities, and as such the number of potential users
may diminish substantially, or be confined to students
belonging to universities with no budget restrictions to
acquire yet another complementary educational resource.

4. The ALFA-Il RexNet-yippee project
4.1. The network
The ALFA-II program required networks to be
composed of at least six Institutions of Higher Education
(IHE): three from the European Union (EU) and three
from Latin America (LA) - altogether from six different
countries. As applications had to be accompanied by an
original letter of intent from each IHE, stamped and
signed by its legal representative (usually, the rector),
there was a concern in gathering all elements for
submitting the proposal in due time. To comply with
these two requirements and establish a safety margin that
would not compromise the deadline, we thought of
setting up a consortium with at least one more IHE from
a different country at both sides (EU & LA) or at least
one more IHE at each country2. We selected the last
option because even if one single IHE from every
country dropped out, this would not affect the
geographical composition of the network, and therefore
all the proposal contents could be readily adapted to
reflect the present scenario, without compromising the
role of a particular country3. Following the suggestion
contained in the ALFA guidelines for applicants, the
consortium also opted to separate the technical and
scientific co-ordination (assigned to a Latin American
IHE) from the financial execution (assigned to a
European IHE, which is regarded as the legal
coordinator by the European Commission). Therefore
the consortium was formed by two balanced groups (EULA), each headed by an IHE with coordination duties.
* The Polytechnic Institute of Porto (Instituto
Politeucnico do Porto, IPP), Portugal - acting as the
network coordinator.
* The University of Porto (Universidade do Porto, UP),
Portugal.
* The University of Bremen (Universitht Bremen, UB),

Germnany.

* The Technical University of Berlin (Technischen
Universitht Berlin, TUB), Genmany.
* The University of Dundee (UD), Scotland.

should be noticed that both options were feasible as, in our case,
there was a large pool of IHE, from many different and eligible
countries, willing to participate in the proposal.
3 In fact, we had a partner dropping out from the proposal only a
couple of days before the deadline, because of problems in having
the letter of intent signed in doe time.

2 It
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* The Federal University of Santa Catarina
(Universidade Federal de Santa Catarina, UFSC),
Brazil - acting as the scientific coordinator.
* The Federal University of Rio Grande do Sul
(Universidade Federal de Rio Grande do Sul,
UFRGS), Brazil.
* The Catholic University of Chile (Pontificia
Universidad Cat6lica de Chile, PUCC), Chile.
* The Catholic University of Temuco (Universidad
Cat6lica de Temuco, UCT), Chile.
* The Institute of Technology and Higher Education of
Monterrey (Instituto Tecnol6gico de Estudios
Superiores de Monterrey, ITESM), Mexico.

*

*

4.2. Goal(s)
The project goals are: to share (1), harmonize (2), and
spread (3) current skills on remote experimentation. First
goal directly addresses the essence of the ALFA
program, namely it calls for the cooperation among the
consortium partners: those having already available a
remote experiment (or lab) grant access to the all
consortium, and those not having it will endure all
efforts to set up at least one remote experiment useful to
the consortium. Harmonization is a direct consequence
of having universities from countries with different
languages and cultures. Among other items it includes
interface harmonization, with support to different
languages, and curricula harmonization, i.e. defining a
common set of practical experiments for a given course
already served by a remote lab (or set of remote
experiments). As the number of constituting partners of
an ALFA network is restricted by budget constraints,
each university participating in the RexNet project must
act as a disseminating party within its own country, i.e.
spread the access to remote experiments to other
surrounding universities.

*

*

*

the lab script should contain editable fields, which
may be filled in on-line. The system will be expected
to return the indication of errors and suggestions of
improvement, i.e. how the experiment should be
repeated, preferably with tutor assistance (2).
Identify and set up a pool of international (overseas)
tutors for assisting on the conduction of remote
experiments (the assistance will mainly be provided
by audio or video-conference facilities, either
integrated in the actual interfaces of the remote labs
or as a separate resource) (1 and 2).
1s' round of cross-institutional trials with small target
groups in the client institutions. The expected
outcome is a full report covering aspects such as:
ease of use; bandwidth requirements; quality of the
lab scripts; among other items. This activity
encompasses a series of short-term bilateral visits for
'breaking-the-ice' purposes - an aspect to be later
addressed at this paper (1 and 2).
Analysis of institutional needs within the areas
covered by remote experiments supported by
consortium members. The report should include the
identification of courses offered by consortium
members that could benefit from remote experiments
made available within the consortium, and also
address the harmonization of such courses, regarding
the its practical contents (2).
2nd round of cross-institutional trials in main stream
classes. Expected outcome is a full report with a
similar structure to the one resulting from the Ist
trials. A set of short-term bilateral visits is also
included in this activity that should span over a
period of six months to accommodate disciplines
belonging to the Ist or 2nd semesters (2 and 3).
Intemational Workshops on Remote Experimentation

(3).

4.4. Past experience, current resources, and expected
results
Effective implementation of any activity done in
cooperation is better achieved if the players understand
and know well the role, past experience, current
resources, and expectations of all involved. As the time
distance between the proposal submission and the
project start was longer than fifteen months, there was a
need for updating such information, this being the
objective of a small questionnaire distributed to all
partners. The answers to the questions listed below were
compiled by the coordinator and presented at the1st
general consortium meeting to set up a common starting

4.3. Activities
The activities leading to the implementation of each
previously described goal (#i) are:
* Create and maintain a web site for centring all the
information relevant to the project, namely its
objectives, the consortium partners, and the available
remote experiments, among other items. The website
should be accessible through an easy-to-remember
and comprehensive domain name - part of this
activity has already been done by buying the domain

httpl//www.rexlab.net (1).

* Kick-off meeting. The Is general meeting served as a
starting point for the two following activities. Among
the outcomes were the definition of a table with the
first cross-institutional trials, with a clear indication
of both the providing and client institutions, and the
moment of realization (1).
* Specify and develop a common lab script structure
for existing remote experiments (lIs iteration on Ist
year and 2nd iteration on 2nd year). Where possible,

point.

1. List of e-courses provided supported (specify nome
and type of learning environment used e.g. Moodle
audprovide link and access authorization ifneeded).
Speecif/ if the educational materials are used within a
traditional university degree or used a tand-alone
courses.
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tables containing all the received answers (lack of
space), we present in the next table those provided to
question 1. A brief analysis reveals a very heterogeneous
scenario within the consortium, namely: distance
learning materials in different languages; proprietary,
commercial, and open-source course management
systems (CMS), or no CMS at all; etc. However, as three
partners indicated a common, free, open-source CMS
[28, 29], the consortium decided to:
* install the Moodle CMS at every partner's site.
* have one partner migrating a course on its
proprietary CMS to Moodle and report results.
* have another partner migrating a course offered
through a commercial CMS to Moodle and report
results.
* indicate the creation of common logins for every
Moodle CMS installed at the consortium members.

2. List of remote experiments - provide link and access
authorization, if needed Specify in which context are
experiments used,
3. Receut paper(s) describing your work on remote
experimentation. Specifj any other source of
information youfind suitablejbr describing your past
work and current co ipetences.
4. What do you expect to have within the next 6 months
and ] year?

Questions 1 and 2 directly address the partners'
current resources on distance learning and remote
experimentation. Question 3 provides a better insight of
those resources while also enabling a brief idea on the
evolution (past experience). Question 4 is intended to
clarify the partners' expectations in the short-coming and
longer future. Not being possible to present the four

Table 1. List of e-courses provided by the institutions involved in RexNet.
We have some learn material on behavio ir of open and close loop control systems iting aour remote laboratory with a
UFRGS process control plant. All the material is in Portuguese. This material has been partially used in courses such as Signals
and Systems and Control Systems fr electrical and computer engineering undergrad students.
We have two e-modules. a) Introd iction to Digital Systems; b) Introdduction to Functional Programming. All the material
UFSC is in Portuiguese. Other e-modules are being prepared, including one with UP on microcontrollers. This material has
been partially used in disciplines in Computer Science, Information Systems, and Electrical & Computer Engineering.
We are starting to use a roboti si'mulation so/tware,for a Dynamics course and alsa a Robotics conese. Tbi so/tware
was
by myself as prt of my ongoing reseamch effort. My goal is to use this software as a virtual dynamics lab.
UCC As partveloped
of this project I would like to attempt to link this software with a remote experiment, in order to evalumate the
potential of this approach Jbr both research and teaching.
We amre using our own environment (EDUCA: httu: ed
but we don 't have any remote experiment yet. We amre
UCT
recently working on it.
Bassic course in mobile robotics (optional for CS & EE mojors at the undergraduolte level), basicclly about
computational aspects of mobile robots, including some basic knowledge on mechanics, sensors & control. There is web
ITESM
materimal suipporting the course, including a simulated laboramtory & a tutora: h : _dns.mor tesm, _xl-us meam robotia.h i.
During the course students make teams and build /program a small robot to participmate in a competition.
e-module Introduiction to mechatronics The a im of this course-modiule is to provide stuidents in technical trmaining with
UB
accompanying learning tasks, learning resources and communicattion f/cilities when using our mixed reallity web service
for mechatronics (de riveServer) from remote places.
* Name & type of leamrning environment: Moodle in combination with our deriveSemrver
artec. -bremen de
TUB
* Link:. http.: mioodle.arteclab.umni-bremen.delcoumc e enrol..php.?id=7
No e-courses, as such, at the moment. However, interactive web resources, e.g. self-tests, are offered within a discipline
ofFundamentals ofElectricity (Freshmen level, Electrical and Computer Engineering degree).
We use Moodle, ovai~lable at http:-I utek pp oodle. Tbis e-learigpat/orm was installed and is being used in the
context of the MAR VEL Leonardo da Vinci project.
We msed Blackboard as on eLearning platfbrm, with use being required on all courses fbr students who enrolled in 2004.
The University provides a variety of distance leamrning courses, also hosted on the Blackboard system. Blackboaard is (in
UD
principlr) SCORM compliant. We have used both Click2 Mee & FlashCom as vi~decao/ierenci~ngplat/ormsJbr eLearniAg.

`ca.uctc),

Another concern was to link existing web-based
materials to traditional courses offered by each partner,
so that a cross-dissemination scheme could be drawn.
This way, every partner was further requested to fill in
two Excel files, each of wbich presented in table 2. The
information enabled the consortium to identify possible
links between <nistitutions><courses><lecturers> and
<nstitutions><courses><remote experiments>, ready to
follow and explore within the 1" project goal (sbare). An
example of tbe information provided by one partner is
presented in tables 3 and 4.

Table 2. <lnstitution><Lecturer><Course> and
<Institution><Remote Experiment><Course>
tuples.
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Table 3. An example of tuple #1.
htp/w
<Universiidade dlo Porto>

<Eaculdade de Engenhara><btn//

Figure 1. Establishing inter-institutional links
between courses and remote experiments.

*Pn>
e<p.>

<:Departamrento EnLgenLharia fElectroteenica e Comrputadores>
<bttJ/ deecfeX t/>
<Engenbaria Electrotecnica e Comaputadores>
<htn/sfuf~mts/icpiaerlfrve?cdoioE

<P't week Oct. -~2nd week fDec.>

Table 4. An example of tuple #2.

<Teaching analogue elcctonics -basic concepts for active filterscircuits based on operational amaplifiers (opamaps)>
<Access tbrougb Moodle - Course "'Introduction to electronics"' - URL
-tp//te.eumtmode Use your login / password and tben
sebedule your timne slot. Also requires a plug-in available from the page
witb the lab script - see URL at corresponding cell>
<Language: English. Explains tbe experimlent and tbe requirements
(plug-ins) contains a link to video conlference tools (based on

5. Benefilts & challenges of a peer-to-peer
network in RI;emote Experimentationt
Inr our view, the social inrvolvemenrt of at least onre
player highly motivated to anld deeply inlvolved inl
remote experimenltation,l is a key aspect for guaranrteeinrg
the success of such a peer-to-peer network, It is precisely
the humanl (or social) factor that ultimately makes the
differenlce - if users know that the system is openl to a
large communlity where the chanLce of inLteracting with
people from other countries (anLd cultures) is high, while
also knlowinlg that there is a commona basis for
unlderstanrding, nramely the subjects addressed by the
practical work associated with a givenl remote
experiment, thenr motivation inLcreases anLd the level of
scepticism towards a remote approach (inl direct
comparisonl to usinrg a real lab) decreases. The
combinLationr of these two factors (higher motivation,7
lower scepticism) unrdoubtedly inrcreases the educationLal
value of remote experimenltation,7 nlamely if users are
able to practice their social skills while cooperatinlg to
achieve a certainL leaminLg objective. The passage to such
a scenrario comes from the underlyinrg social relationLs already established through the RexNet project - amonlg
the providers of remote experimenlts anld the conltact
personls of the potenltial client institutionls, who are
responLsible for mediatinLg the all process, i.e. seekinLg for
potenatial users withina their ow1n inastitutionls, explainainlg
the benlefits of remote experimenrtation,L inritiatingL the
dialogue between clienlt anrd provider anrd then carefully
followinLg the established connmection for anLy possible

FlasbCm>htCompins )>p<t-lfre

As illustrated by figure 1, possible inlter-inrstitutionlal
matches betweenl course(s) and remote experimenrt(s) are
to be explored by each partnler inL the followinLg mannlrer:
* the conrtact personL (lecturer) of onLe inLstitutionr seeks
for remote experimenlts useful for his/her course. If a
match is founld thenl conltact the partnler responlsible
for that remote experiment.
* the conLtact personL of onre inrstitutionL seeks for courses
- offered by his/her inlstitutionl - that could benlefit
from a remote experimenlt made available by the
conrtact personL of a partnLer institutionL. If a match is
founLd then contact the colleague responLsible for that
course anad if he/she evidenlces inlterest thena mediate
the establishmenlt of a linlk.
* the conLtact personr of onre inLstitutionL seeks for remote
experimenLts - supported by his/her inrstitutionL - that
could serve a course lectured by the conltact personl of
a partnler inlstitution,L If a match is founld thenl conltact
the colleague responrsible for that remote experimenrt
anLd if he/she shows inLterest to make it available then
mediate the establishmenlt of a linak.

Acenrltral point inr this approach is that anyl interinrstitutionlal linrk must be established through the social
inrvolvemenlt of at least onle project partnrer. This is a key
aspect inr our visionl of a peer-to-peer nletwork, i.e. we
empower each partner that must act as a social linrlker
betweenl provider(s) anld clienrt(s), while he/she canl also

troublesh1ooting. Besidces thits socila inrtervenltion,L al
partnlers are enrcouraged to promote the developmenlt of
nLew remote experimenrts addressinLg real nleeds identified
withinr the conLsortium - a conrcerted effort that brinLgs inL

accumulate one of these two roles (client / provider).

adiioa benefits:
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*
*

the initial quantity of potential users is multiplied by
the number of institutions belonging to the network.
reduces the effort to set up remote experiments,
especially if using free and/or open-source tools
already in use within the consortium (e.g. CMS,
synchronous communication tools, among others).

Besides the benefits pointed out, there are several
challenges associated with a peer-to-peer network of
remote labs, namely:
* The effort required to harmonize the interface to
each remote experiment (or lab), namely of those
already available [34, 35, 36, 37, and 38].
Considering the additional requirement of multilingual support, such effort considerably increases.
* Increasing the number of potential users also
increases the potential demand for tutor assistance.
Even if the number and availability of tutors is
reinforced by setting-up an intemational tutors' pool
- taking advantage of the different time zones, e.g.
time distance between Germany and Mexico is 7
hours - pertinent questions like the language and the
level of demand will always arise.
* Additional costs associated with the short-term
bilateral visit between the remote experiment
provider and the institutional client, which should
precede every newly established link. Although one
could argue that 'breaking-the-ice' is also possible
through video or audio-conference, the advantages
of presential, face-to-face first acquaintances are
generally well understood and accepted by all.

This last aspect - use of free and/or open-source tools
- is well illustrated in figure 2, which shows an audio
conference with five RexNet partners, using Skype [30]
- a free, peer-to-peer, web-based audio conference tool.
Some partners of the RexNet consortium have been
using and evaluating many different synchronous
communications tools4 for the past years [e.g. 31, 32],
and to their best knowledge the present solution provides
a good quality level, recently verified through an
intercontinental audio conference session with three EU
partners (from Portugal and Germany) and two LA
partners (from Brazil and Mexico).

Figure 2. An EU-LA audio conference session
with a moderator plus four participants.

6. Conclusion
To conclude, we believe that in addition to the listed
benefits and challenges associated with a peer-to-peer
network of remote labs, it is possible others to exist or
arise, depending on the type of remote lab in question or
on the natural technological advances that often solve
old problems and always create new ones.
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