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1 Introduction

1.1 About Online Experiments

Online Experiments are remotely controlled experimental equipment or software simulations of
real experiments built for learning purposes. They enable students and professional learners to get
hands-on experience without the need to leave their workplace to go to a traditional local
laboratory. Measuring and manipulating real or virtual objects in experiments is common in many
disciplines, for example in science, engineering, technical education, medicine and economics.
Compared with local experiments, remote and virtual experiments open the potential for flexible
learning in time and place, access to a large number of experiments and cost savings through
experiment sharing.

Online Experiments are experiments performed on virtual experimentation instruments, remote
physical experimentation instruments, or both, built for learning purposes. Therefore, in the context
of Online Experiments and with respect to their “virtuality” characteristic, experimentation
instruments may range from physical instruments accessed locally, physical instruments accessed
remotely, software simulations of physical instruments, and virtual objects.

1.2 Deliverable 3.7 overview

In order to specify a technical framework for online experiments we plan to follow four phases. The
first one is to elaborate different and challenging use scenarios for online experiments. The
objective is to define the requirements of end users in different contexts (academic, industrial, and
institutional). The second one is a study of existing and deployed online experiments in order to
define the common services provided by online experiments and to devise generic and modular
software architecture for online experimentation environments. The third phase consists of
defining a technical framework for online experiments based on existing solution, namely eMersion
environment developed at EPFL. The last phase consists of using this technical framework to
couple and integrate various and heterogeneous experimentation resources and tools.

The deliverable D3.4 (M12) presented the results of first and second steps. It described the results
of our work on defining and analysing challenging use scenarios, and then, gave a description of
the generic software architecture we proposed to cover the requirements of end users (learners) in
term of online experimentation. This document is deliverable D3.7 and presents the results of
steps 3, which deals with the definition and the implementation of a Framework for Online
Experiments integration and deployment, and step 4, which deals with validation and evaluation
through common use, developments and extensions performed by WP partners.

2 Previous results presented in deliverable D3.4

2.1 Scenarios for online experiments

The idea behind defining use scenarios for online experiments is to discover current requirements
of end users, as well as their expectations for the next years in the contexts of future innovative
and challenging scenarios. Partners within WP3 had participated in order to elaborate different
challenging, but realistic, scenarios for using online experiments. The idea was to focus, for each
partner, on one or two situations, depending on its current research and current expertise. All the
scenarios proposed by WP3 partners are documented in the project’s server and can be resumed
as follows:

L3S - Hanover: The scenarios proposed by L3S illustrate the use of online experiments in
lifelong training and continuing education.

EPFL - Lausanne: The scenarios proposed by EPFL focus on the integration of online
experiments in e-Work, in particular within mobile work modalities.
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RWTH - Aachen: The scenarios proposed by RWTH describe the role of online experiments
within university engineering education.

UPM - Madrid: The scenarios proposed by UPM, like RWTH, demonstrate the important
role of online experiment in higher education.

ETHZ - Zurich: The scenarios proposed by ETHZ illustrate the benefits of online
experiments for researchers, in both academic and industrial contexts.

IESE - Kaiserslautern: The scenarios proposed by IESE focus on the integration of online
experiments in workplaces and the benefits of this integration for workers.

KTH - Stockholm: The scenarios proposed by KTH give some examples of the potential use
of online experiments by universities in developing countries.

During this activity, Niniek Angkasaputra (FH IESE) has been responsible for tracking the scenario
contributions and editing the joint document. This document is accessible on the project server at:
https://agws.dit.upm.es/key/82853

2.2 Software architecture for Online Experiments En  vironment

In order to propose software architecture for online experiments environment, we conducted two
analysis works. The first consists of analysing the results of our previous work on innovative use
scenarios. The second consists of studying and analysing a set of European deployed online
experiments, in particular experiments described by WP3 partners in the EducaNext portal, within
the framework of Task D3.2.

The result of this study and analysis work shows that the main services within an online
experiment environment can be grouped into 5 major modules (see figurel):

Manipulation and operation module: this module involves all the components required to
access the experimentation resources and to manipulate and operate them.
Experimentation resources can be real physical devices, virtual devices, and/or simulation
tools.

Tutoring and supervision module: This module involves all components that help tutors to
supervise and control the students’ work. This includes, for example, visualization of
students’ work progress, results evaluation, examination, and so on.

Collaboration and teamwork support module: This module involves all the components
required to sustain a collaborative work during hands-on activities such as communication
tools, awareness tools, and planning tools.

Authoring and deployment module: this module involves all the components that a tutor
needs to, first, define and manage the pedagogical scenario around an online experiment
(authoring), and second, to deploy the environment for the student end users (deployment).
Authoring tools allow tutors to define links to theory and lecture notes, tasks and
deliverables, deadlines, and all support resources. Deployment tools focus on rendering,
configuration, and personalization of the resources. It also involves integration components
such as import/export APIs and communication APIs.

Management module: this module involves all the classical management functions such as
resources access management, user and group management, document management,
and so on.

In fact, only the first module (Manipulation and Operation Module) is specific to online
experiments. The other modules are important in online hands-on activities, but are also basic
modules in any elLearning solutions.
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Figure 1. Principal modules in an online experimentation environment

2.2.1 Manipulation & Operation Services

The manipulation and operation components are very important for an online experimentation
environment, as they allow the student to carry on the major experimentation activities such as
design, tuning, command, observation, and analysis of results. As there are many types of
experiments, each with a somewhat different manipulation interface, the following list reflects the
most common services found in the majority of experiments (see figure 2).

Experimentation
Brokerage Resources Data Logging,

Security & Preprocessing
Access & Archiving

10 Interfaces

Access & GUI for Control Analysis &
Settings & Perception Design Tools

Figure 2. Principal services within Manipulation and Operation Module
Experimentation resources

Several categories exist in this case. The first category contains algorithms and applications
developed using specialized tools like Mathematica, Matlab, and LabView. The second one
involves applications developed from scratch using general purpose programming languages such
as Java, C, C++ and Fortran. When moving to manipulation of real devices, experimentation
resources become real equipment connected and controlled by dedicated server applications.

IO Interfaces

In the case of real device manipulation, we need, in addition to classical software interfaces (GUI
for command and visualization), some hardware to be able to interact with real devices. In general,
this interface is transparent to the end user.

Control and perception services

The control and perception services are usually developed as GUI components. They allow to
control, manipulate and observe the experiment devices. Depending on the experiment, they can
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utilize standard widgets known from typical window-oriented applications, or more sophisticated
interfaces designed to mimic control panels of real physical devices.

Setting and configuration services

Generally, experiments are developed to support many settings and configurations. Thus, in many
experiments, the user has to define the setting of the experiments before starting the work
session. The teaching staff can also perform this setting and configuration phase in advance.

Security and safety services

In many cases, the manipulation of real devices must be controlled and limited by security and
safety policies in order to avoid illegal uses or accidents (destructions, explosions, etc.).

Results Visualization services

The principal objective of many experiments is to observe experimental phenomena and collect
experimental results. The visualization component makes these measurement data accessible to
the human observer by providing numerical results in textual form, graphical results (curves, 2D
graphics), and also multimedia results (WebCam videos, sounds, 3D graphics).

Design tools

Design tools support conceptual and preparation work done before accessing the core
experimental components. They allow users to define mathematical models and to carry out
simulations and calculations. In the engineering field, examples of such tools are Mathematica,
MATLAB, SysQuake, and LabView.

Analysis tools

In many experimental activities, students have to analyse the collected data in order to obtain
physical parameters, check predictions from theory or to improve the design. Generally, the same
tools used for design can also be used for data analysis.

2.2.2 Collaboration & Teamwork Services

Generally, as for example in engineering education, hands-on activities are performed
collaboratively. Students realize these activities in small groups and in continuous interaction with
the teaching staff. Thus, it is necessary for an experimentation environment to offer dedicated
services to sustain the collaboration between students and between students and teachers. As
shown in figure 3, the most important services required to sustain collaboration are data sharing,
communication, work planning, and awareness (see figure 3).

File Sharing Services

The first requirement for collaborative online experiments is to offer file sharing facilities. This
allows students to store, retrieve, share and exchange files representing the knowledge obtained
during their experimentation work. These services offer to a group of users, which collaborate
together, a kind of repository for several kinds of data and information such as experimental
motivation, experimental details, the process of scientific discovery, the procedures followed, the
raw data collected, the resulting data and its analysis, any ideas or observations as they occur, as
well as thoughts on future directions.

Figure 3: Collaboration and Teamwork Module
Synchronous Communication

Synchronous communication tools enable real-time communication and collaboration in a "same
time, different place” mode. These tools allow people to communicate at the same time. They
possess the advantage of being able to engage people instantly and to have rich and immediate
dialogue and feedback. The primary drawback of synchronous tools is that, by definition, they
require same-time participation which is not always easy to ensure (availability of tutors, time zone
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differences, etc.). In addition, they tend to be costly and may require significant bandwidth to be
efficient.

Currently, the most used synchronous communication tool, for collaborative online experiments
(and e-learning in general) are:

Audio conferencing: generally used for discussions and dialogue. They are very efficient
but can have a high cost, especially when international participation is involved

Web conferencing: usually used for sharing presentations and information. They are also
very efficient but like audio conferencing, they have a high cost and require high
bandwidth. They may also require audio conferencing to be useful.

Video conferencing: used for in-depth discussions on a mostly abstract level. They have a
high cost, and are limited by the reduced number of video conferencing systems

Text chat: used for information sharing of low-complexity issues. They usually require good
typing skills. They are simple to use and easy to integrate or develop.

Instant messaging: usually used for ad hoc quick communications. It requires that all users
use compatible system. It is usually best for 1:1 interactions.

White boarding: usually used for co-development of ideas and designs. It has a high cost,
requires high bandwidth, and may also require audio conferencing to be useful.

Application sharing: usually used for co-development of documents. It has a high cost,
requires high bandwidth, and may also require audio conferencing to be useful.

Asynchronous Communication

Asynchronous communication tools enable communication and collaboration over a period of time
through a "different time, different place" mode. These tools allow people to collaborate at each
person's own time schedule. Asynchronous tools are useful for sustaining dialogue and
collaboration over a period of time and providing people with resources and information that are
instantly accessible, day or night. Asynchronous tools possess the advantage of being able to
involve people from multiple time zones. In addition, asynchronous tools are helpful in capturing
the history of the interactions of a group, allowing for collective knowledge to be more easily
shared and distributed. The primary drawback of asynchronous technologies is that they require
some discipline when used for ongoing communities of practice and they may feel "impersonal” to
those who prefer higher-touch synchronous technologies.

Currently, the most used asynchronous communication tools, for collaborative online experiments
(and e-learning in general) are:

Discussion boards: they are used for dialogues that take place over a period of time. When
using such tools, it may take longer to arrive at decisions or conclusions.

Web logs (Blogs) and forums: generally used for sharing ideas and comments. Also in this
case, it may take longer to arrive at decisions or conclusions.

Messaging (e-mail): used for one-to-one or one-to-many communications. The problem is
that email is not well suited as a "group collaboration tool" and can become overwhelming.

Shared Calendars: generally used for coordinating activities and planning work and task
decomposition. However, it generally requires system compatibility.

Planning and Workflow Management Services

In collaborative work, coordination of activities is a key point in order to reach common objectives.
Coordination of activities involves, in particular, three aspects, which are work decomposition,
scheduling, and workflow management. When performing online experiments, and in particular in
project-based laboratories, students within the same group have to coordinate their activities by:

Adopting a decomposition of work in order to attribute separate and clear tasks to each
group member. In some cases, the teaching staff can predefine a decomposition of the
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laboratory work into subtasks. Then, only association of subtasks to the group members
has to be decided by the students.

Defining a global schedule for the realization of all tasks. Depending on the adopted
learning modality, the students can follow more or less flexible scheduling. In fact, if strict
deadlines and intermediate deliverables are defined by the teachers, students have to
adjust their schedule to satisfy the requirements of the teachers. In more flexible context,
students can define and follow personalized schedules.

Managing the workflow and the sequencing of tasks. Management of workflow can be
more or less complex depending on the number of tasks, the number of collaborators, and
the dependency between the different tasks.

An experimentation environment needs to provide students with services to sustain the
coordination of their work, in particular, in the cases of experiments with multiple tasks and
deliverables (for example, project-based laboratories).

Awareness

Knowing the activities of other co-workers is a basic requirement for group interaction. In a face-
to-face condition, users find it naturally easy to maintain a sense of awareness about the activities
of others. However, in other conditions, supporting spontaneous interaction is evidently much
more difficult.

To support effective collaboration, systems should provide to each member of a group an
understanding of the activities and progresses of others, which provides a context for his own
activities. In learning, awareness plays a very important role in facilitating the learning process,
especially in e-learning context. Students need awareness to have a view about their progress
compared to other groups. Awareness is also necessary for students to find potential collaborators
for exchanging documents and ideas, and to ask for help.

The concept of awareness plays an important role in collaborative Web-based experiments. In its
basic form, progress of groups can be displayed and compared numerically and with simple
statistical figures. To visualize the activities and location of other persons and groups in a virtual
cooperation space several mechanisms have been used:

Tele-pointers
Radar-views
Distortion-oriented lenses

Icons

2.2.3 Tutoring and Supervision Components

In face-to-face learning, it is easy for teachers to communicate and interact with students and to
provide them with explications, helps, hints, comments, and answers, which are required tasks to
be performed by a teacher. These tasks form what we call the tutoring process. It is also easy for
teachers within face-to-face learning to evaluate the work progress of students and their outcomes
quality, and to regulate the learning process in order to maintain a coherency within classes and
groups in term of progress and quality. This is the second category of tasks a teacher has to
ensure. This category forms what we call the supervision process.

Due to time and place distribution of the learning actors in flexible eLearning scenarios, the
tutoring and supervision processes can no longer be based on direct observation and
communication, but must be based on services provided by the learning environment. Thus, online
experiments, as one kind of learning environment, must provide such services in order to sustain
teachers in their activities. In those specific environments, the main services are awareness, work
progress supervision, and synchronous and asynchronous tutoring and support.

Awareness and Work Progress

Page 8 of 19



To supervise their students, teachers need to be aware of student interactions, work progress and
quality of deliverables. Thus, online experiments shall provide visualizations of high-level indicators
of these factors. The indicator variables significant to build an effective awareness for teachers
depend on the experiment, the learning modality adopted, and organizational factors.

Synchronous and asynchronous Tutoring and Support

Tutoring and support are mostly based on communication. Thus, the communication channels,
described in section 2.5, are useful to sustain tutoring and support services. However, in addition
to these communication channels, others communication media are frequently used when
implementing tutoring and support services. The most important are:

Streaming audio

Streaming video

Narrated slideshows

Document libraries, survey and polls
Web site links

2.2.4 Authoring, Deployment, and Management Service s

Despite all the advantages of the existing WBCMT (Web-Based Content Management Systems),
their major drawback is that they are restricted to the deployment of static multimedia pedagogical
resources such as texts, images, and videos. The term ‘static’ is used here in contrast to active
components, which can perform internal calculations and/or adaptations and can communicate
with other components. Thus, current WBCMT are not suited for the authoring and the deployment
of online experiment resources to strengthen hands-on practice.

In the majority of cases, current online experiments are developed from scratch and deployed
using non generic and non reusable architecture. Only few efforts have been done to design and
develop authoring and deployment environments for online experiments. This is due to the
difficulty to define a common architecture for online experiments, and then the difficulty to define
the functions of such an environment. It is also due to the technical difficulty to integrate several
heterogonous components and tools during the authoring and deployment process. In fact, online
experiments are not only juxtaposition of documents and multimedia elements, but are built from
an integration of program development environments, applets, tools, services, and other active
components.

In term of management services, nothing is special for online experiments. As any other learning
support system, an experimentation environment must offer services in order to manage Students,
Teachers, Resources, Access rights, and Documents.

3 Common Framework for Online Experiments based
on eMersion environment

In order to validate the software architecture proposed in the deliverable D3.4 we investigated two
alternatives: developing a framework for online experiments from scratch or adapting an existing
environment. After studying the two alternatives, the WP partners have decided to consider the
second one, which consists of adapting and extending an existing environment, namely eMersion,
developed at EPFL during the period 2000-2005. This choice has been motivated by three
reasons:

The idea of a NOE is to capitalize existing results and to build on top of them. Thus,
adapting and extending existing results seems to fit better the framework of this
research.

Developing a new framework from scratch is a very resource-consuming task. For
example, developing the eMersion environment required approximately 2 Person
Years. These resources are not available in the framwork of ProLearn NoE.

Page 9 of 19



Finally, the eMersion environment has been designed in such a way that it fit very well
the software architecture proposed in D3.4.

In the next paragraphs, we present the last version of eMersion environment, namely eMersion
2.1. This version has been designed as an implementation of the software architecture proposed
in D3.4. The objective was not to cover all the modules and services mentioned before, but to offer
an extensible platform for deploying online experiments, where developers can easily add new
services and tools. All partners of WP3 and other partners from WP2 and WP4 contributed also in
this design. The EPFL team has performed its implementation.

3.1 Use scenarios

eMersion 2.1 is a framework for deploying Web-based experimentation resources. In order to start
understanding the main concepts and ideas behind this framework, we present an example
scenario showing the main actors of this framework, their role, and the main functions offered by
the framework. We assume that our community is made of:

A general administrator

A space administrator (Julie)

A professor (Denis)

2 assistants (Anh Vu and Karim)
30 students

We are in the context of the EPFL, the professor Denis has a hands-on course in a laboratory and
wants to make it available to his students via eMersion 2.1. Denis asks the general administrator
to take care of his needs. The general administrator creates a new space which he calls “EPFL-
Automatic Control” and assigns Julie as the space administrator. An email is automatically sent to
Julie with her login and password.

Julie is now responsible for managing this new created space. This involves mainly the
management of courses and users. Julie creates a new course for the professor Denis. She calls it
“Automatic Control Lab Course”. Then she creates all the users: the professor Denis, the
assistants Anh Vu and Karim, and the 60 students who will attend the course. Eventually, she
creates the 32 groups: 1 group with the professor, 1 group containing the two assistants and 30
other groups with two students in each one of them. All the users are notified by an email
containing their login and password.

As a professor, responsible for this new course, Denis can deploy new experiments and make
them accessible for the list of students involved in his course. To do this, he first creates an
experimentation protocol. He defines all the tasks the students have to perform and the
deliverables they have to submit: in the first task, the students must compute two values from the
servo vein, copy paste them in a text file and submit this file (the submitted file will directly be sent
to Anh Vu). In the second task, they have to take a snapshot of a graph and keep it for themselves
(no need to submit the graph). Denis continues to describe the 5 different tasks. After defining the
protocol, he then creates a new module. A module is an association of an experimentation
resource (a simulation tool, a remote control applet, etc.) with an experimentation protocol and
additional resources such as documents, links, and tools. Once Denis is sure that the module is
complete, he acknowledges the creation of this module, which results in creating a new
experimentation environment that we call a cockpit. Finally, Denis assigns some (maybe all) of the
students groups to the module in order to give them access to the cockpit. To help the students
prepare their lab experiment, he broadcasts a PreLab document containing some initiating
exercises.

The students can log in the cockpit and work with the servo vein from any location via the Internet.
They use an applet to remotely control the physical system (the vein). They create data and files,
which can be automatically added to their storage and collaboration space, namely the eJournal.
Students can also use external tools such as “Sysquake Remote” in order to compute some
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results and perform some analysis. They finally submit their results where it is required and
specified within the protocol.

Anh Vu, as an assistant, accesses to the portal of the assistants and realizes that some groups of
students sent him deliverables. He downloads them, check the results of the students and validate
them, if they are correct. The students are notified by an email. After having talked with the
professor, they agree that a part of the Prelab document Denis broadcasted one week ago should
be slightly modified. Anh Vu updates the Prelab on his computer and broadcasts the file to all the
groups. He also broadcasts a News to all groups to inform them that a new Prelab can be found in
the inbox of their eJournal and the reason of the update.

Basing on this scenario, the table 1 enumerates the main actors that interact with eMersion 2.1
framework and the list of services provided for each of these actors.

User Environment Actions

General admin |Administration |« Create spaces

+ Create space administrators

Assign space administrators to spaces
Inform (email) space administrators

Create courses

Create users

Create groups

Assign users to groups (group role = Professor | Assistant | Student)
Assign groups to courses

Space admin  |Administration
(Users)

Professor Administration |- Create protocols
« Create modules

Assign groups of students to modules

Assistant Administration |- Visualize deliverables

Validate deliverables

Visualize statistics

Broadcast news (with exp. date) to groups of students
Broadcast files to groups of students (edournal/inbox)

Student Experiment « Use cockpit

Table 1. Roles and services in eMersion

The next section presents the main concepts adopted when designing the eMersion framework.

3.2 Main concepts in eMersion
The main concepts that we have adopted to design the eMersion 2.1 framework are the following:

An experiment: an environment through which students can use and interact with an
experimentation resource.

Experimentation resource: an interface allowing student to interact and manipulate real
devices or simulation tools. In the case of eMersion 2.1, only Web-based experimentation
resources are considered. Thus, an experimentation resource is always accessible through
a URL.

Space: a context made of a list of courses where a set of users are active (a university, a
laboratory, etc.).

User: one of the following five actors: general admin, space admin, professor, assistandest
Group: a set of users. Only the primary actors can be set in a group

Role: a role is set to a group to define the services it can access and the privileges it has in
an environment. There are 3 kinds of roles: professor, assistant, and student

Course: a set of modules managed by a group of professors and involving a set of
students.
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Module: a laboratory work assigned to groups of students. It is based on a set of tools,
documentation and a protocol to be followed by the students. It is characterized also by a
title and a pedagogical objective.

Protocol: a protocol is composed of a set of tasks to accomplish. It is described by a title
and a specific objective.

Task: defines a piece of work to accomplish.

Deliverable: the result of a task (can be a set of values, a text, a graphic, etc) which must
be validated.

Quiz: a type of deliverable. It is the equivalent to a question-answer sheet.
Form: a type of deliverable. Used to input specific values.

Fragment: a type of deliverable. It is a file which can be of n different types (Graphics,
results, Script, parameters, etc.).

Cockpit: a visual instance of a module.

News: information that a professor or an assistant wants to share with the students. A
news has a deadline.

3.3 Main components of eMersion

3.3.1 Administration tool

The administration tool is a user management component. We distinguish between 4 kinds of
users which have access to the administration tool: the general administrator, the space
administrator, the professors and the assistants.

The general administrator is responsible for creating spaces and space administrators. He/she will
assign one (and only one) space administrator to each space. A space can represent a university,
a laboratory, etc; it depends on the wanted granularity.

gggggg

gggggggggggg

Figure 3. GUI of the Global Administration Tool

The space administrator is responsible for creating the other users, i.e. the professors, the
assistants and the students. He/she will also create the courses, which will be available to the
students. Eventually, he/she assigns the users to groups, and the groups to courses.
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Figure 4. GUI of the Space Administration Tool

The groups are sets of users. Each group has a role corresponding to the kind of users it contains.
For each role, specific services are made available. A service corresponds to an action such as
the creation of groups, the validation of documents delivered by the students, etc. If desired, the
space administrator can assign some plug-ins to the courses.

In the administration tool, a professor is responsible for creating protocols and modules. A protocol
is a list of optional tasks to accomplish for a module; a module is a practical assignment, which
illustrates a theoretical course. The professor also assigns groups of students to some modules.
Once a professor creates a module, a cockpit is automatically created.

Figure 5. GUI of Course administration tool dedicated to professors

An assistant has access to the visualization of the documents submitted by the students (called
hereafter deliverable$. He/she has the possibility to validate those deliverables, and visualize some
statistics related to them. He/she is responsible for broadcasting news and files to groups of
students. Of course, a professor has access to the same services as the assistants of his/her
course.

3.3.2 Experimentation environment

The experimentation environment, called the cockpit is made up of 3 different parts. The first part
is a supervision window from which a student can launch the experimentation console, check the
theoretical courses related to the current module, and so forth. The second part is the
experimentation console, which can take the form of a java applet, or any other interface or
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program able to communicate with the eJournal. The third part is the eJournal, the electronic
version of a laboratory journal associated to a group of students.

Although a cockpit is mainly used by the students, the professor and the assistants have also
access to their own cockpit because the role of their respective group grants them the same
services as the students.

Figure 6. Experimentation Environment dedicated to learners : the cockpit

3.3.2.1 The supervision window

This window is made up of 4 parts. The first part, called objective explain in a few words what the
student will achieve in this module. The second part is called navigation. The services made
available are (from left to right):

the experimentation console

the eJournal

the external tools (e.g. Sysquake, ...)

the theoretical courses (a list of html and/or pdf documents)
the possibility to refresh this window

the possibility to quit the whole environment

The next part is labeled current task It shows to the student the number of the last task, which has
been (sequentially) at least finalized. A link to the protocol is also made available. The last part is a
space where a set of plugins can be set. At the EPFL, we implemented 5 different plug-ins which
can help the student know, for example, how well he/she performs compared to the whole class,
check whether his/her colleague is online or not and get the latest news broadcasted by the
assistants or the professor. As said previously, those are plugins and thus can be replaced by
whatever seems fit.

3.3.2.2 Experimentation console

The figure shown above is only an example of what could be an experimentation console. For
example, at the EPFL, we implemented an applet, which can control various mechanisms such as
a servo vein or an inverted pendulum.

The experimentation console is in fact a web-based window where the URL of the experimentation
resources will be loaded. Depending on the context, this console can be a java applet, a html page
with javascript inside, a PHP page, or any king of Web pages.

One of the important feature in eMersion 2.1 framework is that all components are well coupled.
The point is that any experimentation resources deployed using eMersion 2.1 can communicate
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easily with the other components, mainly with the eJournal, in order to import or export specific
data. This communication is possible thanks to a dedicated API, which will be explained later in the
architecture section.

3.3.2.3 The eJournal

The eJournal is the storage and collaboration part within the cockpit environment. It has been
developed as a pivotal tool for mediation and collaboration within eMersion 2.1. It is integrated into
eMersion experimentation environment but can also be used as a stand-alone Web application. It
has been designed as an extended electronic version of the traditional laboratory journal.

Figure 7. GUI of the eJournal Component

The Laboratory Journal metaphor was chosen since engineering students are familiar with this
concept, and it is easy for them to use and conceptualize. The eJournal plays an important role in
both social level (users activities and interactions) and system level (interaction and
communication between components). At the social level, the eJournal provides two main
categories of services:

Group Activities: Basically, the eJournal provides a shared workspace, where students can
store, share and exchange data such as pre-labs reports, experimental results,
experimentation parameters, etc. when performing the experiments. All pieces of data
stored in the eJournal are called fragments. All fragments are typed and categorized based
on their sources and their content. The eJournal provides various services for data
collection, organization, and sharing.

Monitoring and awareness: The eJournal provides different ways to construct and sustain
awareness, which play a crucial role in collaboration. The main services provided are group
progress awareness, activity level awareness, learning and planning patterns awareness,
and inter-groups awareness.

As a mediation artifact in the system level, the eJournal has been designed as a pivotal
component allowing import and export of fragments between different Web components. This
pivotal role of eJournal allows the eMersion environment to integrate new services and
components without major development and adaptation.

3.4 Architecture of eMersion : Integration and exte  nsibility

The objective of eMersion 2.1 is to offer a common framework for deploying online experiments.
The idea is to provide a generic environment, which first can provide added values compared to
classical deploying, and second, can be adapted to multiple use contexts. In order to answer these
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requirements, two main concepts have been targeted when designing eMersion 2.1: integration
and extensibility.

eMersion 2.1 offers some services and components, which can be augmented by other ones
depending on the requirements of users. In order to provide students with a comprehensive and
usable environment, all these components have to be well coupled: this is what we call integration.
For example, if the experimentation environment we want to create involves a simulation tool for
manipulation, an analysis tool for data analysis, and a graphical tool for data visualisation, these
three tools must be integrated so that each one can communicate with the others. These tools
have to be able to share and exchange data in order to help the student to move from one tool to
another without loosing the context and without additional work. The integration of components
within eMersion 2.1 is possible thanks to the pivotal role of the eJournal component, which plays
the role of bridge and communication channel between all the other components.

The second challenge when design eMersion 2.1 is the extensibility of the framework. In fact, it is
not realistic to develop an exhaustive set of services and tools required in any experimentation
work. The idea is to allow other developers to design and develop services and tools that fit their
requirements and their contexts and to allow them extending the framework with these additional
services, tools and components. This goal has been achieved thanks to the plugins mechanism.

3.4.1 The pivotal role of eJournal component

In order to facilitate the integration of external tools and services into the eMersion environment,
the eJournal has been designed as a pivotal component, which can communicate with other
components thanks to a data exchange mechanism, namely ‘data tunneling’. Technically, this
mechanism is based on a data homogenization and transformation process. This mechanism has
been integrated as a module within the eJournal. Figure 9 shows the architecture of the ‘data
tunneling’ mechanism. The eJournal supplies a set of interfaces that deals with different kinds of
requests from different components integrated into the Web-based experimentation environment.
Through these interfaces, the eJournal is able to process different kinds of serialized objects
generated from Java, PHP or PHP-like programs (e.g. SysQuake Remote).

The communication channel between the eJournal and a Web component is established either
directly or via a stub. The concept of stub has been inspired from the works in distributed systems
such as Java RMI, or CORBA. The goal of the stub is to create a representation of the main server
program in the machine from which an experimentation applet is loaded. This allows overcoming
the Java applet security limitations. When receiving a request, the eJournal detects the type of
data received, determines how to transform the request data and which target component should
be invoked (with data already transformed).

This new mechanism augments a lot the interaction process. Data is passed smoothly and
naturally from one component to another. The requirement to use external applications for data
sharing and exchanging is minimized. Users work with minimum discontinuity in all dimensions of
interaction. As a consequence, the quality of the hands-on and collaborative works is much more
improved.
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Figure 8. Architecture of the Data Tunneling mechanism proposed by the eJournal

3.4.2 The extension capabilities using the plug-in mechanism

Any additional service we want to add to eMersion 2.1 has to be developed as a plug-in. The GUI
of the cockpit has been designed to allow a set of plug-ins. These plug-ins can be of any nature
(information, call to external tools, etc). The space administrator has to select the plug-ins that he
wants to activate within a course, and he/she has to specify one URL per plug-in.

The URL will point to a web page (static or dynamic) which contains some features a developer
will have implemented. For example, at the EPFL we created some plug-ins which we called
awareness toolthat can help the student know about his/her state and the others’. But we can also
imagine a plug-in would show to the student’s grade for the current module, etc.

The only constraint when creating a plug-in is that the information the plug-in wants to make visible
to the student (e.g. an icon with a name, two different icons, etc) must be contained in a space of
50x50 pixels.

Figure 9. Examples of plug-ins developed at EPFL and used in Automatic Control Course

Based on the two features of eMersion, which are integration and extensibility, we can classify the
users of eMersion framework into three levels:

Simple deployment level: this level involves institutions or tutors that use eMersion just to
manage existing resources and to deploy them to learners. The use of eMersion, in this
case, just simplifies the deployment and the management tasks.

Integrated deployment level: this level involves institutions and/or tutors that use eMersion
as a deployment environment but adapt their resources in order to communicate with the
eJournal pivotal component and the other provided services. This level allows to deploy
comprehensive experimentation environment for learners but requires adaptation of
existing resources in order to communicate with the eJournal.

Extension level: this level involves users that use eMersion as a deployment environment
but also add new services and plug-ins within eMersion.
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3.5 Integration and common developments

The idea behind working on a common framework for online experiments is to enhance integration
of resources and tools from different European institutions. In this context, and based on the
eMersion framework, several collaborations and joint works have been carried out between the
partners of WP3 in order to capitalize existing resources, tools, and services. The collaborations
performed can be classified into two categories. The first one involves deployment of online
experiments resources using eMersion. The second one involves integration of additional plug-ins
within eMersion.

3.5.1 Deployment of experimentation resources

The eMersion framework has been adopted by some partners in WP3 to deploy experimentation
resources. The most significant deployments are the following:

- EPFL automatic control experiments: In this context the eMersion framework has been
used to deploy a set of experimentation resources in the domain of automatic control. The
deployed resources are mainly Java Applets allowing real time remote manipulation of
physical equipments (electrical drive, inverted pendulum).

- EPFL fluid mechanics simulations: In this context the eMersion environment has been used
to deploy experimentation resources in the domain of fluid mechanics. These resources
are mainly three complex simulations developed in Fortran 77 and Matlab.

- L3S Laser display: In this context, the L3S in Hanover has adopted the eMersion
framework to deploy an existing experiment dealing with Java programming of a laser
display.

- UNED Java simulations: In this context, the UNED in Madrid has adopted the eMersion
framework to deploy a set of Java simulations developed using an authoring tool, namely
the Easy Java Simulation, developed jointly by UNED and University of Murcia in Spain.

- HE-Arc Ingénierie Java programming tools: In this context, the eMersion framewok has
been adopted by the school of engineering in the University of Applied Sciences, Western
Switzerland to deploy a remote Java Programming tool.

3.5.2 Development of additional services and plug-i  ns

Some partners of WP3 have contributed to extending the eMersion framework by adding new
services and tools. Using the plug-ins mechanism, these partners have managed to integrate
existing services and tools within the eMersion framewok. The main significant contributions are
the following:

- Easy Java Simulation: The easy Java simulation is an authoring tool allowing graphical
development of Java simulations. This authoring tool has been integrated into eMersion as
a plug-in. In addition, this tool has been adapted in order to produce simulations that can
automatically communicate with the eJournal. In other words, the authoring tool has been
adapted to produce “eMersion Compliant” simulations.

- L3S Reservation Tool: In many cases, when manipulation real equipment, reservation of
resources is necessary. In this context, a reservation tool developed by L3S in Hanover
has been integrated into eMersion framework. This tool allows restricting and managing the
access to experimentation resources.

- Flashmeeting and Hexagon: These two video communication tools have been developed
by the Open University in the UK. In order to enhance collaboration and communication
between actors involved in experimentation tasks, these two tools have been integrated to
eMersion.

- EPFL Awareness Services: In distance learning, awareness is a key issue in sustaining
group work and collaboration. In order to enhance collaboration in experimentation work,
the EPFL have developed a set of tools that provides different kinds of awareness: work

Page 18 of 19



progress, work activeness, learning patterns, social patterns, and so on. All these tools
have been integrated into eMersion as plug-ins.

4 Conclusions and perspectives

One objective of WP3 is to promote international usage of laboratories in education and training
and to enhance collaboration and integration of tools and resources at the European level. In this
context, WP3 aims at defining a common technical framework and a modular toolbox for
developing and deploying online experiments. The idea behind this objective is to capitalize
existing resources, tools and services within European institutions.

Partners of WP3 have worked jointly on defining a technical framework for online experiments.
First, they worked on defining the requirements of such a technical framework. Then, they worked
on proposing software architecture for this technical framework. Finally, they contributed at the
implementation of the framework and the integration of tools and resources within it.

The result of this work is a framework for managing and deploying online experiment called
eMersion. This framework has been adopted by WP3 partners to deploy existing experimentation
resources and to integrate existing tools and services allowing sustaining experimentation work.
Several integration and deployment cases have already been achieved. Other collaborations and
joint works are currently in progress.

The main added value of working on a common technical framework for online experiments, in
addition to the reached results, is the creation of a network of institutions sharing resources, tools,
and services and working together in order to answer the requirements of academic and industrial
institutions in the field of laboratories and experimentation work.
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