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Abstract—Remote laboratories are software and hardware
tools that allow students to remotely access real equipment
located in universities. The integration of remote laboratories in
Learning Tools (Learning Management Systems, Content
Management Systems or Personal Learning Environments) has
been achieved to integrate remote laboratories as part of the
learning curricula. A cross-institutional initiative called
gateway4labs has been created to perform this integration
extensible to multiple remote laboratories in multiple learning
tools. This contribution focuses on describing this initiative and,
in particular, how opening it to public systems (where users do
not need to be registered) produces new technical and
organizational challenges due to the public availability of labs.
Additionally, this contribution shows integrations of systems that
were not previously addressed in this initiative, such as PhET or
ViSH, as well as a new approach for integrating supported
laboratories in external specifications such as the Smart Device
one through OpenSocial.
Index Terms— Learning Technologies Interoperability, Virtual
and Remote Laboratories, Remote Laboratory Federation,
Remote Laboratory Management Systems

I. INTRODUCTION

A

N Educational Remote Laboratory is a software and
hardware solution that enables students to access real
equipment located in their institution, as if they were in a

P. Orduña, L. Rodriguez-Gil, D. López-de-Ipiña and J. García-Zubia are
with DeustoTech, University of Deusto, Bilbao, Spain (e-mail:
{pablo.orduna,luis.rodriguezgil,dipina,zubia}@deusto.es)
D. G. Zutin is with the Carinthian University of Applied Sciences, Villach,
Austria (e-mail: D.GarbiZutin@fh-kaernten.at)
S. Govaerts, C. Salzmann, D. Gillet are with École Polytechnique Fédérale
de
Lausanne
(EPFL),
Lausanne,
Switzerland
(e-mail:
{sten.govaerts,christophe.salzmann,denis.gillet}@epfl.ch)
I. Lequerica, E. Sancristobal, M.Castro are with Spanish University for
Distance
Education
(UNED),
Madrid,
Spain
(e-mail:
{ilequerica,elio,mcastro}@ieec.uned.es)
P.H.Bailey, K. DeLong are with the Massachusetts Institute of Technology
(MIT), Cambridge, MA, USA (e-mail: {pbailey,kirky}@mit.edu)
DOI (Digital Object Identifier) Pendiente

hands-on-lab session. There are many kinds of remote
laboratories, even in fields such as Physics, Electronics,
Robotics or Chemistry.
Once these laboratories are available through the Internet, it
becomes possible to share them with other universities. Given
that both traditional and remote laboratories spend a long time
unused (nights, weekends, weeks with no practical lessons...),
if University A shares two laboratories with University B and
vice versa, then both have 4 labs with similar maintenance
costs. For this reason, remote laboratory federations have been
explored and used in production for years.
Integrations of remote laboratories in Learning Tools –in
the rest of the document, LT–, such as Content Management
Systems (CMSs) or Learning Management Systems (LMSs)
have been addressed in the literature. The focus is to integrate
remote laboratories (which are educational resources after all)
into LTs (which is where the students and teachers meet and
where students find other educational resources). While this
integration has always been a relevant topic in the area of
remote laboratories, most solutions in the literature have been
ad-hoc: a remote laboratory developed in University A is
integrated in the LMS used in University A and will not work
with other LTs.
The usage of remote laboratory federations for the
integration of remote laboratories in LTs through a centralized
Open Source component called gateway4labs was proposed
and evaluated in [1]. In that contribution, that component
made it possible to support different LMSs through the use of
IMS LTI, as well as other systems (such as LMSs not
supporting LTI, or CMSs) with plug-ins. This component also
supported a set of plug-ins for integrating new remote
laboratory management systems, so it was extensible in both
sides. It was evaluated by testing it in Moodle LMS (through
IMS LTI), the .LRN LMS (without IMS LTI) and the Joomla
CMS.
Additionally, the Go-Lab project1 aims to provide remote
and virtual labs [2] for the large-scale use in education [3], [4].
In the scope of this project, existing laboratories will be
1
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provided to schools free of charge, saving teachers the bother
of registration processes, and through a technical solution
based on OpenSocial.
The focus of this contribution, which is an extended version
of [5], is that gateway4labs is a valid tool for supporting
different LTs, including Personal Learning Environments
based on OpenSocial in those remote laboratories that have
been integrated for their support in other LTs. This provides
organizational and technical challenges. Originally,
gateway4labs was designed for supporting remote laboratories
under the assumption that these remote laboratories were
closed, requiring certain authentication mechanisms. So, they
had to be registered in gateway4labs one by one, and it was
important to provide them feedback on who was using the
system. However, the context of Go-Lab –where all
laboratories must be publicly available– is an important
challenge for this design:
• It requires that certain systems managing multiple
laboratories export only a subset of these laboratories.
• It requires that open systems with hundreds of public
laboratories such as PhET or ViSH are exported automatically,
with no administrator selecting a subset.
• It requires that systems, which are traditionally closed,
can still be used under this approach transparently, wrapping
the authentication and authorization procedure.
• It requires that those remote laboratory providers who are
not entirely convinced of sharing the laboratory can still feel
comfortable by being able to use the OpenSocial protocol and
still control that it is only used in certain spaces. While this is
discouraged by the authors, it could help laboratory owners to
join the initiative and in a second phase agree on opening the
laboratory.
The paper is structured as follows: Section II introduces the
concepts of remote laboratory, remote laboratory management
system and remote laboratory federation. Then, Section III
shows what integrations of remote laboratories in LTs are
available in the literature. Section IV explains the integration
on OpenSocial and the challenges that arise when dealing with
public or private laboratories. Section V shows the integration
of particular laboratories in this environment. Finally, Section
VII describes the conclusions and the future work.
II. REMOTE LABORATORIES FEDERATIONS
This section introduces the concepts of remote laboratories,
Remote Laboratory Management Systems (RLMS) and remote
laboratory federations.
A. Remote Laboratories
A remote laboratory is a software and hardware tool that
allows students to remotely access real equipment located in
the university. Users access this equipment as if they were in a
traditional hands-on-lab session, but through the Internet. To
show a clear example, Figure 1 shows a mobile low-cost robot
laboratory described in [6]. Students learn to program a
Microchip PIC microcontroller, and they write the code at
home, compile it with the proper tools, and then submit the

2

Fig. 1. Robot laboratory [6]. At the left, the mobile robot itself. At the right,
the user interface once the program has been submitted.

binary file to a real robot through the Internet. Then, students
can see how the robot performs with their program through the
Internet (e.g., if it follows the black line according to the
submitted program, etc.) in a real environment.
In this line, there are many examples and classifications in
the literature [7], [8]. Indeed, remote laboratories were born
nearly two decades ago [9], [10], [11], and since then they
have been adopted in multiple fields: Chemistry [12], [13],
Physics [14], [15], Electronics [16], [17], Robotics [18], [19]
and even in nuclear reactors [20].
B. Remote Laboratory Management Systems
Every remote laboratory manages at least a subset of the
following features: authentication, authorization, scheduling
users to ensure exclusive accesses –typically through a queue
or calendar-based booking–, user tracking and administration
tools. These features are common to most remote laboratories,
and are actually independent of the particular remote
laboratory settings. For example, an authentication and
queuing system is valid both for an electronics laboratory and
for a chemistry laboratory.
For this reason, Remote Laboratory Management Systems
(RLMSs) arose. These systems (e.g., MIT iLabs2, WebLabDeusto3 or Labshare Sahara4) provide development toolkits for
developing new remote laboratories, as well as management
tools and common services (authentication, authorization,
scheduling mechanisms). The main idea is that by adding a
new feature to one of them (e.g., supporting LDAP, or LMSs),
all the laboratories which are developed on top of them will
support this feature automatically.
C. Federating Remote Laboratories
One of the features that RLMSs started supporting was
federating their remote laboratories. For example, if two
universities (University A and University B) install a particular
RLMS, they support federation protocols so University A
shares a laboratory with students of University B without
knowing these students. The key here is that the provider
university does not need to register particular students, but
2
3
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rather groups or simply universities. It is the consumer system
that defines that a set of local users can access a particular
laboratory of the provider system.
Therefore, the relationship between two federated entities is
the following:
• The consumer system manages the authentication and
authorization of its students.
• The provider system manages the scheduling and the
access to the laboratories, storing what the users did.
• The consumer system will later ask for results to the
provider system.
• At every moment, the provider system does not need to
know anything related to the particular students.
These federation protocols have been used for fostering
interoperability between RLMS [21]. These interoperable
bridges between different systems can be enhanced if
properties such as transitivity or federated load balance are
provided [22].

III. EXISTING INTEGRATION OF REMOTE LABORATORIES IN
LEARNING TOOLS
The relevance of this field is that, as detailed in [23], [24],
there are several services duplicated between remote
laboratories and learning management systems. The
administration and user experience would increase if they were
merged. Both systems usually support user authentication,
authorization, group management, administrative tools, user
tracking, and even scheduling. Some integration approaches
suggest to delegate all these services to the LMS, but some of
these services will still be at least shared, such as scheduling
(especially when federation systems arise) or user tracking
(since some interactions with the remote laboratory might
occur outside the scope of the web browser).
There are two types of solutions in the literature for using
remote laboratories in LTs: ad-hoc, or based on federation
protocols.
A. Ad-hoc Solutions
In order to integrate remote laboratories and LMSs, [7]
discusses the usage of SCORM and [25] implements an
architecture around it. This technology is designed to be
supported by different LMSs and indeed multiple LMSs have
implemented different versions. However, since it is a clientside technology and therefore it cannot contain any server
code, it does not support a secure way to exchange credentials,
ensure reservations or return results to the LMS.
Another approach is to develop an ad-hoc plug-in to include
a particular remote laboratory on a LMS, applying the required
changes in the remote laboratory [26], [27]. This approach is
common in the literature, and sometimes it is implemented by
just copying or exchanging the users among both systems.
Within the field of integrating remote laboratories on
electronic tools appears the integration of remote laboratories

3

on CMSs.
In [28], the remote laboratory relies on Joomla to perform
all the administrative tasks. This approach is interesting since
it does not duplicate all the tasks mentioned in [23]. However,
it is an example of an ad-hoc integration that neither supports
the integration of other remote laboratories nor the integration
on other CMSs.
B. Federated Solutions
In [29], it was proposed another approach to integrate
remote laboratories in CMSs and LMSs (C/LMS), relying on
the existing federation protocols already existing in certain
RLMSs. Federation protocols have the same targets as the
integration protocols of remote laboratories in C/LMSs, where
the consumer system is the C/LMS. Indeed, if in the
description of federations presented in Section II-C the term
consumer system was replaced by C/LMS, the following
description would be presented, which applies very well to the
definition of integration of remote laboratories in C/LMSs:
• The C/LMS manages the authentication and authorization
of its students.
• The provider system manages the scheduling and the
access to the laboratories, storing what the users did.
• The C/LMS will later ask for results to the provider
system.
• At every moment, the provider system does not need to
know anything related to the particular students.
C. Gateway4labs
On top of this concept, [1] showed an implementation of an
Open Source middleware, called gateway4labs5, which
provides a centralized component for this type of integrations.
This component supports multiple laboratories through a plugin system, where the plug-in wraps the federation protocol or
the connection to the remote laboratory. Back then, it also had
two systems for being integrated in different CMSs and LMSs,
through two main systems: IMS LTI (so it works in Moodle
since 2.3, as well as other major LMSs) and a custom RESTful
interface (and a Joomla plug-in implementing it was
presented).
IV. OPENING REMOTE LABORATORIES
As previously stated, within the Go-Lab project, the target is
to provide laboratories at zero cost for school students. So as
to make the process as simple as possible for teachers, no
registration process will be required [30], and all the labs from
different institutions will be available at zero cost. Teachers
will not access the labs directly, but through the Go-Lab
portal6 [31] that provides a global registry of supported labs.
They will create environments that later students will use in
class, using Inquiry Learning Spaces [30] through a social
platform developed at the EPFL called Graasp7 [32]. This

5
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platform uses an industry standard called OpenSocial8 for
registering and developing applications.
So as to integrate existing laboratories without
reimplementing them in OpenSocial, it was considered that
gateway4labs could act as a glue system by supporting
OpenSocial as a new protocol on its middle component. This
way, if a remote laboratory owner attempts to integrate its
laboratory in Go-Lab, it can be done by adding a new plug-in
to gateway4labs, and since gateway4labs already wraps it in
OpenSocial, the laboratory is available for Go-Lab. However,
more importantly, a key feature of this approach is that if
remote laboratory owners willing to support their laboratories
in other system (such as in Joomla or any LMS supporting
IMS LTI such as Moodle), they might still be willing to
develop the same plug-in, and if they later want to make the
laboratory available in Go-Lab, no technical work is required.
However, the fact that it had to provide public access to the
laboratories (and therefore, the gateway4labs administrator
must select which laboratories are public and which ones are
not) added some organizational and technical challenges. This
section describes them.
A. Architecture
The architecture of gateway4labs is described in Figure 2.
As described in [1], gateway4labs has two parts: the left part is
called Client side, which represents the final system used by
the user (e.g., a LMS, a CMS, or, as it is novel in this
contribution, the social platform compatible with OpenSocial).
The right side is called Lab side, which represents the
laboratory management system (whether it is a RLMS itself –
such as WebLab-Deusto or the iLab Shared Architecture– or a
laboratory itself –such as the UNR FCEIA one–). In the
middle, there is a central component called LabManager,
which provides the plug-in system and supports the protocols
used by the Learning Tools (e.g., the custom RESTful
interface, or IMS LTI or OpenSocial in this case).
It is important to remark that this process (user contacting
the Learning Tool which contacts the LabManager, which
contacts the RLMS which contacts the laboratory) is not taken
in one step and does not affect latency or network efficiency.
The whole process is only executed for the handshake when
performing the reservation, but once the reservation is
provided, the user is contacting the final laboratory through an
HTML iframe (a web component that opens a web page inside
a part of other web page). For example, if the user uses an
aquarium laboratory in WebLab-Deusto, the user will contact
the LabManager, which will contact WebLab-Deusto
providing the LabManager credentials. WebLab-Deusto will
provide a URL which includes a secure token and the student
will be redirected to that URL in the iframe. The student
cannot perform new reservations (a new call to the
LabManager would be required), and the connection to the
laboratory is direct during that reservation.

8

http://opensocial.org
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B. OpenSocial integration
OpenSocial is a wide and complete standard that includes
authorization, data storage or messaging mechanisms.
However, since the target laboratories in gateway4labs are
developed by third parties which might not have embraced the
OpenSocial standard, many of these mechanisms cannot be
used.
In this sense, the target was to develop an OpenSocial
application that could wrap any laboratory automatically and
still maintain the requirements of gateway4labs in terms of
maintaining a federation and security. This way, for any
registered laboratory in the LabManager, an OpenSocial app is
automatically generated. This app uses the authorization
mechanism to retrieve who the user is, provided he/she is
logged in. The LabManager obtains this information in a
secure way through a security token generated by the
OpenSocial platform, and this information is provided to the
final RLMS. Typically, this might be ignored by the particular
laboratory. However, in certain cases it is possible to develop
Learning Analytics customized for the remote laboratory
domain, as done in [33]. While the Go-Lab portal [31] already
provides Learning Analytics tools [34], and most lab owners
will rely on them to know what users were doing, it is still very
useful for remote laboratory owners to create its Learning
Analytics fully customized for the particular laboratory and
independently of external systems.
Additionally, the integration obtains the current space where
the student is (e.g., a robotics-dedicated space added and
customized by the teacher). Typically these spaces are public,
but the target OpenSocial platform (Graasp) enables users to
close or hide spaces so only certain users can access them.
Obtaining the current space and the parent spaces is useful to
provide the LabManager with more data in case a particular
remote lab owner wants to customize the access to a particular
school, as explained in the following subsection.
C. Tradeoff between publishing laboratories or keeping
them private
In the context of Go-Lab, remote laboratories are publicly
available, with no registration. This makes it easier to get
teachers and students involved, since no registration process is
required.
However, some initiatives consider that certain remote
laboratories might require some associated direct or indirect
costs for sustainability purposes. [35] provides a cost model
for remote laboratories, and Labicom [36] actually charges
small amounts of money for its use. Freemium models have
also been proposed (where the access is free but certain
features are provided for registered users), and in certain
circumstances the laboratories can be free but still require
detailed information about its use so as to find other external
funding mechanisms.
For this reason, gateway4labs also implemented an
OpenSocial integration that does not require a laboratory to be
completely public. In this sense, teachers can optionally
register their school, they can request access to laboratories,
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Fig. 2. Gateway4labs architecture

and if granted, they can select in which closed spaces they
want to use these laboratories. This mechanism, which is far
more complex for the teacher, maintains this degree of security
and supports remote laboratory owners who want to provide
access to certain features to particular schools. A tradeoff
between complexity for the user and sustainability must be
decided by the remote laboratory owner, while gateway4labs
provides mechanisms for either decision. While this feature is
outside the scope of the Go-Lab project, it is implemented to
foster more remote lab owners to integrate their labs in
gateway4labs and therefore potentially in Go-Lab in the future.
D. Public and private laboratory systems
In the Lab side of Figure 2, two types of systems are
presented:
• Remote laboratories requiring authentication, such as
WebLab-Deusto, UNR FCEIA or iLabs.

• Public systems, such as PhET9 or ViSH10, where no
authentication is required. PhET provides simulations (not
remote laboratories), and ViSH provides a set of educational
resources among which simulations and remote laboratories
are present.
For the first type, the plug-in supporting the laboratory will
act as a bridge for bypassing the authentication mechanism
used by the remote laboratory. Since these systems manage
more than one laboratory, gateway4labs retrieves the list of
provided laboratories with certain credentials, and within this
list, the gateway4labs administrator will select which
laboratories will be public and which ones will not. This way
all the laboratories are private by default. Certain operations,
such as searching among those laboratories in the list, are not
public.
However, this approach does not fit the second type. Both
9

https://phet.colorado.edu
http://vishub.org
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Fig. 3. Public systems: PhET scenario

6

Fig. 5. ViSH excursion displayed in Go-Lab

STU14, PUC Sao Paulo15 or BSU16 among others). However, it
had to be modified to support the new features for OpenSocial,
in particular, splitting the user interface in multiple widgets. In
Figure 6 an aquarium with the user interface splitted is shown.
The total code required for this integration was 925 lines of
Python code, out of which 693 were an existing library for
accessing WebLab-Deusto from Python. The remaining 232
lines of code are not relevant compared with the over 7000
lines of code provided by the LabManager.

Fig. 4. PhET laboratory running inside a Go-Lab environment

PhET and ViSH[37], [38] have hundreds of resources which
are already public. For this reason, gateway4labs11 supports
that a plug-in is marked as "public", and therefore all the
resources provided by it are automatically public and
operations such as searching for these resources are public too.
No contact with the administrator is required if PhET or ViSH
support new resources: these resources will automatically be
available through gateway4labs and therefore it will be
possible to use them in Go-Lab. Figure 3 shows the public
listing of PhET labs through gateway4labs, and Figure 4 shows
how a PhET laboratory is loaded in the Go-Lab context.
Figure 5 shows a ViSH excursion added to Go-Lab through
gateway4labs.
V. INTEGRATING REMOTE LABORATORIES IN GATEWAY4LABS
This section describes the laboratories integrated as part of
this contribution in gateway4labs.
A. WebLab-Deusto integration
A plug-in for WebLab-Deusto12 has been developed. This
means that any remote laboratory developed in WebLabDeusto can automatically be used from Graasp (including not
only the laboratories developed in the University of Deusto13
but also in other universities using WebLab-Deusto, such as

B. iLab Shared Architecture integration
The iLab Shared Architecture [39] was integrated in
gateway4labs17. This architecture is splitted in two different
architectures: the batch architecture and the interactive
architecture. The former is fully supported in gateway4labs.
The latter, which is typically used with a calendar-based
booking mechanism, is only supported if this mechanism is
removed. Figure 7 shows a laboratory running in the
Carinthian University of Applied Sciences (CUAS) in Austria
inside Graasp through gateway4labs.
Any other laboratory managed by iLab can be integrated.
For example, in the Go-Lab project, the radioactivity
laboratory from the University of Queensland [40] is used, as
seen on Figure 8. In this case, Go-Lab uses the gateway4labs
component to contact the iLab Service Broker located in
Austria, which uses the standard iLab federation system to
consume the laboratory deployed in the University of
Queensland. This way, gateway4labs acts as an actor of iLab,
which internally uses its own federation mechanism to reach
laboratories from other institutions. In any case, none of these
systems needed to register the particular Go-Lab user, since
this is transparent through gateway4labs.
The total code required for supporting iLab was 211 lines of
Python code. In addition, few changes were required in the
iLab architecture itself to support the creation of users
automatically for supporting this federation mechanism.

14
11

http://gateway.golabz.eu/public/
12
https://github.com/gateway4labs/rlms_weblabdeusto
13
https://weblab.deusto.es/weblab/

http://weblab.chtf.stuba.sk
http://weblabduino.pucsp.br/weblab/
16
http://weblab.bsu.ge
17
https://github.com/gateway4labs/rlms_ilabs
15
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Fig. 8. Radioactivity laboratory at UQ running in Go-Lab

Fig. 6. Aquarium laboratory at Deusto running in Graasp

Fig. 7. Elvis laboratory at CUAS running in Graasp

C. Other laboratories
The gateway4labs RLMS API is public18 and can be
adapted for other remote laboratories. So as to proof this
concept, in [1] the UNR FCEIA laboratory [41] was
integrated. This laboratory was selected since it does not use
any RLMS, so it represents an example of standalone
laboratory. The integration19 required a total of 141 lines of
Python code. The PhET integration20 explained in the previous
section required 142 lines of Python code, and the ViSH
integration21, 118 lines of Python code.
With this small amount of code, all these laboratories are
automatically supported by Go-Lab through Graasp, as well as
by the LMSs supported by gateway4labs.
VI. FULL INTEGRATION OF LABORATORIES IN THE SMART
GATEWAY
In the context of Go-Lab, new laboratories are using the
18

http://gateway4labs.readthedocs.org
https://github.com/gateway4labs/rlms_unr
20
https://github.com/gateway4labs/rlms_phet
21
https://github.com/gateway4labs/rlms_vish
19

Smart Device paradigm [42]. By adopting this paradigm,
remote laboratory developers would not develop remote
laboratories as a monolithic piece, where you have a client
(user interface) which is connected to a server software,
connected to a certain equipment. Instead, they would use a
modular approach, where devices focus on providing a set of
services using a set of specifications [43], and external, third
party clients can match and support those specifications. This
way, the reuse of components is encouraged. For example, two
different cameras could support the same specification by
providing the stream through a particular protocol and
different clients could support it. Additionally, a specification
defining a triggered action could be matched by different client
types (e.g., different types of buttons). Using Smart Devices,
teachers can literally play with all the components,
customizing the laboratory experience, showing only what they
want to show and with the components they want to show to
the students.
However, existing laboratories are not implemented using
this paradigm. So two levels of integration of remote
laboratories were defined in Go-Lab:
• Lightweight integration (gateway4labs), where users
could use external laboratories with their original user
interfaces, while not fully embracing the Smart Device
paradigm.
• Full integration, where laboratories are integrated as if
they were Smart Devices, using the same protocols.
The lightweight integration is developing a gateway4labs
plug-in, and it achieves that users use the laboratories as
designed by the laboratory owners. However, no
interoperability with components from other laboratories can
be achieved. And teachers are very limited in customizing the
user interface that will be presented to the students. On the
other hand, the full integration requires a considerable amount
of work, since it requires the developer to export all the
functionalities through certain services, and usually rewriting
the user interface. Therefore, the remote laboratory developer
must select one of the two approaches.
So as to demonstrate how a remote laboratory could support
the full integration, the concept of protocol translator was
defined. A protocol translator is a software component that
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acts as a proxy between the remote laboratory and the protocol
specified by the Smart Device paradigm. So essentially,
gateway4labs still manages the authentication, authorization
and scheduling, but once a reservation has been created, it
relies on a protocol translator to offer interoperability to the
rest of the Go-Lab ecosystem. In the future, other parts of GoLab will use the protocol translator to interact with the
laboratory in a standardized way. For example, other Go-Lab
applications and services could directly contact the laboratory,
obtain sensor information and store it somewhere else or make
operations on top of this information without the remote
laboratory developer being involved.
The main problem of the protocol translator is that it
requires a relevant amount of time, since it cannot be reused
among remote laboratories easily. For example, once you
develop a plug-in for WebLab-Deusto for gateway4labs, all
remote laboratories of WebLab-Deusto will work in Graasp
automatically. However, there cannot be a protocol translator
for WebLab-Deusto, but a protocol translator for each remote
laboratory. Therefore, if there are 15 remote laboratories
developed using WebLab-Deusto, 15 implementations would
be required.
At the time of this writing, two protocol translators are
available. Since other Go-Lab layers are missing, they are still
not functional, but they show how remote laboratory
developers aiming to have a full integration in the Go-Lab
ecosystem can implement it.
A. Archimedes laboratory protocol translator
A protocol translator for a WebLab-Deusto remote
laboratory has been developed22. Given an existing
reservation, it stores the reservation in a Redis server, and a
background task is continuously obtaining new values for that
reservation and storing them back to Redis. In a different
process, a WebSocket server is listening and if a client is
connected, it will start receiving a flow of the information
stored in Redis when stored, through a pubsub event. This
way, regardless the number of clients connected to the
protocol translator, a single request every few seconds will be
performed to the real laboratory. However, at the time of this
writing, the protocol translator only acts as a sensor data
provider, since it does not support clients to push information
to the laboratory. This protocol translator is implemented in
420 lines of Python code, and it does not cover the new client
that should be implemented (since certain parts could be
reused from other laboratory) or the reservation process (since
it relies on gateway4labs).
B. Radioactivity lab protocol translator
A protocol translator for a radioactivity laboratory has been
developed23. This protocol translator has been developed in
PHP, and it supports bidirectional communication using
WebSockets with an MIT iLabs batched laboratory. The
protocol translator hides the complexities of the web services
22
23

https://github.com/gateway4labs/protocol_translator_weblabdeusto
https://github.com/gateway4labs/protocol_translator_radioactivityLab
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used by the iLab Shared Architecture, and whenever the client
requests the protocol translator to start pushing information
through a WebSocket, it will start a loop where it submits new
tasks to the batched laboratory and, whenever there is a
response, it is converted to the JSON format required by the
Smart Device specification. The client perspective does not
see any difference from a regular Smart Device, since it is
obtaining real information from the remote laboratory in a loop
pushed by the protocol translator. This protocol translator is
implemented in 1060 lines of PHP code and, as in the previous
case, it does not cover the new client if necessary or the
reservation process since it relies on gateway4labs for that
task.
VII. CONCLUSIONS AND FUTURE WORK
This contribution is based on the assumptions that it is
possible to integrate remote laboratories in Learning Tools
using federation protocols [29], and that a middle component
can help decoupling Learning Tools from particular remote
laboratories [1].
On top of these assumptions and on the existing Open
Source implementation (gateway4labs), this contribution
shows that this implementation can be extended to the generic
integration of remote laboratories in Personal Learning
Environments such as Graasp, supporting a wide variety of
scenarios. Given that it is a central component, remote
laboratory owners willing to be supported in any of the
Learning Tools (e.g., Graasp, or a particular LMS such as
Moodle, or a particular CMS such as Joomla) will
automatically be supported by the rest. This way, if a remote
laboratory owner wants to make his or her laboratory available
in Moodle using gateway4labs and develops a plug-in for
gateway4labs aiming that, its inclusion in Graasp is an
organizational issue (whether the institution wants to share the
laboratory in Graasp or not), rather than a technical issue (no
new code is needed).
Furthermore, this central component has been modified to
support public laboratories to foster wider user communities.
There is an organizational tradeoff between making the
laboratory completely public with no registration required (and
easy to use) and requiring a registration (for whatever purpose:
charging costs, auditing, fostering Learning Analytics, or
providing more features to a particular educational institution).
Gateway4labs solves this by providing by default an easy way
to establish that a laboratory is public but at the same time
providing the chance to lab owners to establish that a
laboratory can only be accessed from a particular space of
Graasp (which, if it is closed, only certain people will be able
to enter, and this is decided by the teacher).
So as to demonstrate it, these changes have been applied, as
well as the support of the iLab Shared Architecture (in its
batch form and in its interactive form without scheduling) has
been added. This way, two RLMS (WebLab-Deusto and iLab
Shared Architecture) are supported, as well as a remote
laboratory (UNR FCEIA) and two public systems (PhET and
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ViSH). Examples in Graasp have been presented, and their
addresses and source code are public.
Regarding future work, ongoing efforts are focused on
including more remote laboratories, both using the lightweight
approach and supporting the full Smart Device specification.
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