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Abstract — Nowadays there are a great number of
universities and organizations working in e-learnimg
solutions. One of most well-known is the learning e
management system or LMS that allow displaying
theoretical content in an organized and controlledvay.  «
In some jobs and studies it is necessary that théusent

get a practical knowledge as well as a theoretical
knowledge. To obtain this practical knowledge, the
universities and organizations are developing virtal labs

and Web labs.

At these moments the LMS and Web labs are .
working independently. We are studying a new
architecture allowing the integration of the LMS with
different Web labs. This architecture must allow tke .
student, teachers and administrators to use the séces
of LMS and specifications of web as if he was workg
with the same software. R
Index Terms — e-learning, knowledge, Learning Management
System (LMS), on-line learning, Virtual Labs and Meabs.

INTRODUCTION

The improvement in the communication

Besides, it must offer a set of features and sesyisome of
them are:

Administration. It must be able to manage user
registrations, roles, assign tutors, user paymeits,
Content packing. It organizes the content in a
hierarchical structure and sets up a mechanismvép s
content between different learning management syste
To do it, it's usually used the specification IM8ntent
packaging or the specification SCORM (Shareable
Courseware Object Reference Model).

Communication. It must allow collaborative work. So
that they can share information, opinions and
experiences. There are two types of communications:
Asynchronous communication tools: e-mail, distribot
list, bulletin board.

Synchronous communication tools: chats, etc.
Knowledge evaluation. The tutors and teachers rest
able to evaluate the student’s progress. Also tildesits
can do test where they can see their progress.oTig d
it's possible to use the specification IMS QTI (Gtien
and Test Interoperability).

A great number of organizations and universitiegeha

networksimplemented some e-learning solution or Learning

(bandwidth, transfer rate, etc.) and the emergefdeternet Management Systems, as WebCT, Blackboard, Moodle,
have. induced important. changes in thg conception 0f RN “etc. In some cases, (for example .LRN and dlep
learning. E-learning has given an opportunity tedgtthose s allowed the organizations and universitiesaid new
people who cannot attend the traditional courses U  sepyices that they have created. These servicebearsed,
geographical problems (living far away from the @ational  ith a few changes, by other organizations. So tiley the
institutions) or schedule problems [1]. S code reusing. We are working with these kinds of &M
Actually a lot of organizations are working in sidms  \here we can create a middleware that allow intareoting

to manage and display theoretical content for bskers or  gjtferent remote web lab with a LMS without havitlgmake
students. This content is displayed in an organiaed many changes.

controlled way (content packets, modules, user ilpg)f o )

usually under a learning management system beink Specificationsor standardsusedinaLMS

implemented  under ~ solutions that have third-partyrnere are a lot of specifications and standardeldeed.
developed, as they are WebCT, Blackboard, MoolRN,  These allow exchanging content (information, test,
etc. In some cases, the theoretical knowledge tissnough courseware, etc.) among different learning manageme

and it is needed a practical knowledge. systems. Some of the most important are:
Virtual labs have been developed so that the staden

can obtain this practical knowledge without havioggo to
the real laboratory or in some cases to reducetithe
devoted to do real practices and to get the sameflia
capabilities.

IMS content packing Administration. It's developky

global learning consortium and it promotes the eeos

e-learning content. To get it, it's defined a stase to

pack the theoretical contents [1].

L EARNING MANAGEMENT SYSTEM (LMS) « ADL SCORM. It's a collection of standards and
specifications adapted from multiple sources (for

A LMS is a software program that allows displaying example IMS content packing) to provide a

theoretical content in an organized and controliealy.
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comprehensive suite of e-learning capabilities that
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enable interoperability, accessibility and reusgbibf
Web-based learning content [2].

Disadvantages:

e The teacher can't have information about the sttislen
progress (problems that student has founded, tarteak
spent, etc.)

e Version problems. The software programs are usée to
stored in a CD or DVD. In many cases is necessary t
update them in further distribution media.

e They didn't include collaborative tools.

e The students don’t work with real instruments dlsey
work with simulation programs.

I1. Virtual Web labs

They are programs that use web resources. The rétade
computer must have an Internet connection with dewi
bandwidth connection. The advantages and disadyasita
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BASIC ARCHITECTURE OF A LEARNING MANAGEMENT SYSTEM

« IMS QTIL It's developed by global learning consorti
and describes a data model for the representation &

question (assessmentltem) and test (assessmentTest)

data and their corresponding results reports.

It's very important that our LMS used this spedfions
and standards.

are further detailed.

Advantages:

The students could carry out their experimentsmgt a
time from their house. He has only to switch on his
computer and has available an Internet network
connection.

In contrast to the software labs a Web lab allohss t
student to download the updates of the programs fro
Internet.

The web server allows the student to work with
collaborative tools.

Disadvantages:

VIRTUAL LABS o
A virtual lab is a program that allows to a studemtcarry
out his experiments from a PC at any time and aeyeh
without going out from home or from his study placéere
are different types of virtual labs, some summatiire [3]-

[8]:

Software labs.
*  Virtual Web labs.
« Remote Web labs.

In some cases and scenarios these labs can haed mix
functionalities. For example, a teacher want thatwuadent
could carries out operations that could damage the
instrument being in these cases a good solutioruse
simulation programs besides a remote lab [10]-[14].

|. software Labs

They are based on software programs that are being
executing in the student’s computer. The studertimputer
must have the hardware and software requirememtstas
not required an Internet connection. The advanteyes
disadvantages are further detailed.
Advantages:
e The students could carry out their experimentsrgt a
time from their house. He has only to switch on his,
computer.
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The students don’t work with real instruments dige
works with simulation programs.
The students must have a good Internet connection.

111. Remote Web labs

A remote lab allows the student to carry bist experiments
with real instruments. It is necessary a drivemsmage the
instrument. The advantages and disadvantagesranerfu
detailed.

Advantages:

The students can carry out their experiments wetd r
instruments. So that it allows the students to wiookn
their houses although the physical instrumentsirar
real laboratory whose door is closed.

The teacher can have information about the stuslent’
progress (problems that the student has found, tivae
he has spent, etc.).

The web server allows the student to work with
collaborative tools.

Disadvantages:

Every educational organization develops its own
solution so it is very difficult to reuse programmgi
code.

It is necessary to use a good Internet connection,
because data, audio and video are usually goingeto
transmitted.
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STRUCTURE OF REMOTE WEB LABS

It was mentioned what a Remote lab is in the abov
paragraphs. In this section we are going to exmadossible
structure of a Remote lab being formed by [3]-[6]:

Client or user interface.

Web server.

Audio and video server.

Database server.

Controller.

Database
Server
Instrurnent
Controller oF
i AudiofVideo nsHAments
Server
FIGURE 2

BASIC ARCHITECTURE OF A LEARNING MANAGEMENT SYSTEM

|. Client or user Interface

The user interface is what the user or studenbiisggto see
in the screen of his PC. The user or the studest prrceive
as if he was in the physical laboratory. It is vemportant do
not overload neither the interface nor the Intenmetnection
with unnecessary information [4]. The user mustabke to
decide what he want to watch or do, of course, iwigome
limits.

In order to create a user interface it is possibleise
programming or mark up languages, for example JAVA
JavaScript, VRML, HTML, XML, etc. [7]-[9]

1. Web server

The web server contains web pages with the expatsiibat
the students must carry out with the laboratoryrimsents.
Also it must send commands to the controller aceixe the
results of the operation from the controller omfrdatabase
server.

Normally the web server must attend only an use
laboratory request at a certain moment, but it &ath must
attend another types of request while a user labgra
request is been served. Before the students canthese
laboratory they must be authenticated.

I11. Audio and video server

The audio and video servers send video and audiotdahe
user interface. The client could manipulate the weins, of
course within some limits, to see and do not lase detalil
of the experiments.

The user’s Internet connection must be good entaigh
receive the audio and video data in a quick angblsiiway.
For example, if the video data is displayed reslibwly the
user could leave the experiment after boring.
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V. Database server

This server will store all the information of théudent's

%xperiments so the web server can write user dasatable

of the database, for example (the hour in whatstielent
accesses to the instrument, his name, etc.).

V. Controller

The controller is going to send commands to insémts and
receive the results of the executed commands. Nhyrrfee

Controller is communicated with the instrument gsia

GPIB or an USB or Firewire bus, a hardware dataigépn

or a digital signal processor. When the contraeeives the
results of the executed commands then they aretsehie

web server or to the database server.

INTEGRATION OF A REMOTE WEB LABS AND A LMS

Nowadays the LMS and remote web labs are working
independently. We are working in the creation of a
middleware that allow different remote web labsute the
LMS services as user registration, security options
communications tools, etc.

E-learning Software or LMS
(using e-learning standards)

(.LRN or moodle)

| Services of LMS
(administration, |
security...)

Site

e

Remote Lab

Databases
(Oracle or
PostgreSQL)

FIGURE 3
LOGICAL ARCHITECTURE OF ALMS AND A REMOTE LAB.

Remote lab must be an integrated module or seteice
be used from e-learning solution. This module nmahage
the laboratory instruments and the results thatstneents
obtain to do their practices, in the above sectias been
explained the physical architecture of a remote [Bhis
module can be designed and developed with simulatio
software allowing the students to carry out operetithat
could damage the physical instruments.

Some of the problems that we have to resolve are:
Remote lab interface.

LMS and remote lab data base.

Communication between LMS services and remote lab.

I. Remote lab interface

When the user wants to do a practical exercise with
remote lab, he should access through the LMS. @adeas
accessed the LMS display the interface of remote Mis
interface is divided in a set of portlets. Soméhein are:

A Portlet with documentation to carry out the
experiment.
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e A portlet that receive the video and audio fromiaud E-leaming Software or LMS
and video server and displays these to the user. (using edearring standards)
e A set of portlets that allow the user to write coamus Remote Lab (LRN or moodie)
and to receive the result of them. R
e A portlet that contains link to the different Middehare . access | Usemame
communications tool from LMS. LMS Services > Pagedf ‘&ﬁom E
It is very important do not overload neither theeiface o / =
nor the Internet connection with unnecessary infdom. Databases g User
:[Ar\]lzong. irtteer;]:gg_ should keep the same graphsigaethat LMécéﬁglfe?n ;gslggbressc%)nas
Il. LMSand remote lab database FIGURE 4
The main idea is that the remote lab used a ldheftables The user access to LMS.
of LMS data base. However the remote lab will alse its
own tables. 3. LMS displays a new web page where there is a porlet
It's necessary to create storage proceeds to gepan with a link to the remote lab.
information from LMS and remote lab tables. We am]g 4. The user click on the link. LMS calls to the remtb
postgres because .LRN is a LMS that works with grest or service (middleware) where the user will be cauys
Oracle. experiments. This call must contain some optiomal a

necessary parameters for the remote lab runs tigtrec

I11. Communication between LMS services and remote lab

middleware should integrate the remote lab modulthé e-  Services and vice versa.
learning solution and manage the communication éetw

them, independently of the remote lab used. EIearnnngSoftwareorLMS

The remote lab will use some of the services LM$ so
isn't necessary to create again. Some of the LMSices Remote Lab
that remote lab uses:

e User administration (roles, user registration,)etc.
« Synchronous and asynchronous communication tools. Middlewarel | 1o senvices

The remote lab must allow the students can

communicate with another partners to exchange | | | ey

information about his experiences to carry out the

(using e-learning standards)

(.LRN or moodle)

experiment. So we needn’t create new communications Dafabases

) ! (Qracle or PostgreSQL)
tools else _the remote lab can _use the LMS_s | LU knd et e Schemas
communications tools (chats, bulleting board, email
etc.).

« Knowledge evaluation. We have to create documents
that the students read to carry out his experimants
also we have to create test to evaluate to theestad
The idea using LMS’s knowledge evaluation services
and the e-learning standards.

FIGURE 5

SCORM, IMS QTlI, etc. so that,

Now, we are going to show an example of this. When

student wants to access to remote lab:

1. The student is displayed the LMS access page.

2. The student writes his username and password. LM
checks the username and the password and display so
that the remote lab uses LMS service of adminisimat
users.

remote lab could continue using

'§1 another LMS that uses e-learnin
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Remote
Lab
Interface

e

The LMS call to the remote lab (using the middlesyar

It's very important that the remote lab uses statslas

although we change th

oldest instruments from remote lab by new instrusmer he

the information aest

without having to create again. Also we can retsecbntent

g standards.
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?eﬁteﬁbi E-learning Software or LMS

(.LRN or moodle)

(using e-learning standards)
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FIGURE 6
The remote lab must use e-learning standards.

.LRN is an open code e-learning solution that adidiae
organizations and universities to add new servibas they
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have created. These services can be used, withwa fe

changes, by other organizations. So they allow dbde
reusing. Having in mind those advantages we areldping
this middleware on .LRN and later we will implemant
Moddle.

CONCLUSION

This paper describes the idea of designing a progec
learning where different virtual labs can use thgamtages
of a learning management system (user administratio
content packing, etc.) and vice versa. The LMS #ral
virtual labs must carry out with the e-learningnstards like
SCORM, IMS or QTI. Besides it is necessary to buld
middleware that allow interconnecting different e web
lab with a LMS without having to make many changes.
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