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Abstract — Current content-based elLearning solutions do education, an eLearning solution must not only provide acces
not meet the requirements of engineering education in that to content repositories but also act as a virtual extensitreof
they lack the necessary fundamentals of engineering classroom and laboratory environments, in terms of physical
pedagogy, namely iterative experimentation and resources and collaborative community. Consequently, a
contextual collaborative learning. An elLearning solution suitable framework for engineering eLearning must include
for engineering must bridge the gap between the physical the convergence of corporate eCollaboration and academic
and virtual worlds with a comprehensive framework based web-based content delivery, plus the means of accessing
on modular components that provide students with remote physical and conceptual resources in the context of classrooms
access to resources, and establishes a virtual collaborative and laboratories. This framework can be realized through the
community. This elLearning framework must be concept of a corporate intranet portal. In general, a pereal
generically reusable, and must be able to provide users web system that provides an intuitive and personalized
with a seamless user interface. This paper discusses the gateway to resources on a network [5]. In the past, portal
architecture of the engineering elLearning portal that were synonymous with search engines that provided links to
integrates traditional courseware with the virtual  websites on the internet. More recently, however, portals have
classroom, the virtual laboratory, and eCollaboration expanded to include both the aggregation of resources and the
tools. The specific implementation of this architecture for platform for building a collaborative user environmentisTh
Aerospace Undergraduate Studies at the University of new hybrid notion of a portal is therefore capable oftihgs
Toronto, namely the AeroLab Portal, is also discussed, the virtual extension of physical resources as well as the
including details of the specific software, hardware and foundations of a virtual collaborative community, making it
technologies used. proper solution for engineering eLearning.

Web-based education using synchronous and
Index Terms — Collaborative learning, Distance education,asynchronous learning network environments has been
elLearning, Engineering portal, Remote laboratory addressed in the literature extensively [e.x., 6]. While tamm
focus remains on the effective content delivery and
administration, few works have emphasized the need for the

The notion of eLearning as an evolution of Computer-Base pllaborative aspect O_f web-based Iearnin_g [e-x. 7.]' Alsg, ver
Training (CBT) was initially promoted by the corporate ldor ew papers have d|scusse_d the specific requirements for
[1]. The academia, however, quickly recognized the potentidindineering distance education [8-12]. Most notably, ir8]8,
of eLearning as a complementary means of content delive eb-pased _Iearnlng has been exjended to web-based
and hence began to integrate it into the traditional cuasicu xperimentation as a key fe_ature_ In th_e deployment of
heuristically [2] and systematically [3], whereas corporation Learning solutions for the engineering qurrlculum. Thosk .
have diverged from the original notion into eCollaboratisn as been furth_er extended n [10] to include collabqratlve
a tool for improving employee productivity. Despite theaSpeC_tS of engineering educatl_on. Yet, a comprehensyve and
growing popularity of web-based content delivery in academiJeneric framework for engineering eLearning has remained to
programs, the relevance of eLearning to engineering educatia‘? deyeloped. . .
is constantly challenged, due to the two key features of .Th's paper presents an architecture, pased on the hybrid
engineering pedagogy [4]: notion of a portgl, as a pllatform fo_r creating a cpllahmeat
and experiential learning environment, suitable for
1) engineering education heavily relies on experimentationgngineering education. The proposed architecture for the
students develop engineering intuition by continuouslyengineering eLearning portal extends the traditional pravisio
iterating between mental concepts and real hardware, angf courseware technology to a virtual classroom, laboratory,
2) avast portion of engineering knowledge is contextual angng collaborative community. The specific implementation of
can only be learned through the senses and soci@lis architecture for Aerospace Undergraduate Studies at the
Interactions. University of Toronto, namely the AeroLab Portal, is also
Therefore, the current academic usage of eLearningliscussed, including details of the specific software, hardware
based on a unicast topology through which students leagNd technologies used. Finally, further developments of the
individually from static content, does not adequately met theLearning Portal and its application to eEngineering are
requirements of engineering education. For engineeringiscussed.
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ENGINEERING E L EARNING FRAMEWORK eLearning

—— ey

The features of the engineering eLearning framework hav
already been established by the requirements of engineeri

education [10]. However, for the framework to be generid, an L —
thus applicable to a multitude of academic programs
additional requisites are imposed. The key requisites taensy
a generic framework are reusable components that ca
function independently, and yet be highly integrated in serm
of both functionality and the overall user experience. In
addition, the components should be platform indepengent
terms of hardware) and individually upgradeable, withou
affecting the continuity of the system. To meet these
requirements an elLearning portal must have, in addition to
modular architecture and topology, a means of integratin
diverse content into a seamless user interface.

Laboratory

EL EARNING PORTAL ARCHITECTURE

The engineering elLearning portal must have a modular FIGURE 1
SCHEMATIC REPRESENTATION OF THE EEARNING PORTAL ARCHITECTURE

architecture to ensure generic reusability of the engineering
eLearning framework that it is realized from. The portal iSExternal Content

therefore functionalized by the four key social interactiongContent outside of the portal, such as file shares, ettern
experienced in the classroom and laboratory environmentgatabases, websites and internet content, can also be integrated
namely student-content, student-instructor, student-resourcigo the portal. Each piece of external content is displayed
and student-student interactions. Each of these interactiogging content integration to ensure a seamless interface with
corresponds to one of the four modular componentsién t internal content. In the case of external websites the content

architecture, i.e., traditional courseware, the virtual ab8er  can be indexed to a present link depth, and then resultsewil
the virtual laboratory, and eCollaboration, respectively. Inncluded in the portal search engine.

addition to the four key components, the portal alsatains
an integrated Learning Management System (LMS). AearchTools _ o
schematic of the entire engineering elLearning portal i§ontent within the portal is stored within a central eant

presented in Figure 1. database, and is aggregated using a database level content
- index. Although external content is not stored in thetraén
1. Traditional Courseware database, it is still included in the content index. Eaebepof

Traditional courseware is used to provide students withssc content is treated as an object with an associated set of
to content. Several courseware packages have been deve|o|§garchable metadata. Integrgted filters allow full text search of
in both academia and the corporate sector to meet tHL.ocuments and files. Each piece _of the portal system, such as
requirements of content delivery. The modular architecture cHites. pages, lists, document libraries, and users areedsed
the portal allows the traditional courseware component to b@s objects. This allows the search engine to crawl eveegiobj
implemented using any available courseware technolog;}"."th'n the_portal. Sgarch resu!ts 'therefore mclude_ not only
Third-party courseware is seamlessly integrated intodnalp ~ content objects, but lists, repositories, and useraddition, a
environment by content integration. This content integnatio IOPIC assistant can be trained to suggest useful topice base
mechanism also allows for a dynamic range of content thé User's search.

can be delivered trough the courseware component. 2 Virtual Classroom

Internal Content o _ The virtual classroom is used to provide students with access
List and document content can be stored within the por@l  to instructors, and is the primary means of contextual
content database. A list is a set of data columns thatéeli  education. To replicate the classroom environment in a digital
to a menu-driven user interface. Document content iscstore  medium the instructor must, in addition to broadcastingch

a library, which is a list of documents with associatedmools  media presentations, simultaneously interact collectively with
of metadata. Columns in both lists and document libraries cagtudents. To do so, a variety of synchronous communicatio
be populated with static data, dynamically-calculated data, qhodes are required to connect students to instructaefigtiral
metadata. Metadata contains information about a specific ligéctures, tutorials, and assignment workflows. Hence, the
entry or document, such as the last time it was editetieor t primary components of the virtual classroom are the lecture

user that created it. Lists can also be linked to each other p@oadcast, tutorial meeting, and assignment workflow.
that the entries in one list can be used to populate columns in

another, such as a list of tasks being used to populate Lgcture Broadcasting o
calendar. The virtual classroom uses a combination of broadcast
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publishing and collective communication tools to implement. Virtual Laboratory
the core lecture component. Broadcast publishing is used e virtual laboratory is used to provide students with acces
stream audio/video and textual content to remote students, i coftware and har d)\//vare resourges and is the primary mean
an interleaved format that facilitates the integration of live : L S the primary means
video and textual eDocuments, such as lecture slidesaintoOf delivery experiential educatlor_m E)_(perlmentatpn IS_a
single content stream. For specialized demonstrations %Hgdamental_ comhponent. of eng|n$er|nghedu%at|on.h. Ehe
instructor can utilize some of the eCollaboration sub-> oratory is  the pr)]nma_ry faci ity tf Loug whic
components to share applications and even the entire desk@ﬁnerlmentathn IS taught using a variety of hardware setup
session with students, for demonstrating an experintent f e lab provides a means 10 contextualize and reinforce

the virtual lab, or explaining a particular feature of a itebs concepts t_augh? mn. the classroom. However, a physical
gboratory is limited in the access to software and hardware

A combination of group chat rooms and instant messagin sources that it can provide. Remotely-accessible hardware

is used as a collective communication medium during thsetu s. and oublished software applications. remove the
lecture. It allows students to communicate with each other, o, PS, P PD ’

with the instructor, without having to interrupt the leetu physical constraints limiting access to lab resources, allowing

broadcast. In the case of student-instructor communicatiorrf}Sources 0 be_ accessed at anytime from_ any_where. .
The experimental process is iterative in that data is

this is ideally suited as means for students to pose quossti
The instructor can either answer the question on the shargalleCted' analyzed and then new d_ata collected basgd on the
results of the analysis. In a teaching laboratory, thisnoft

chat room, or address the issue in the live broadcast, requires a student to perform an experiment multiple times

Lecture broadcasting uses a broadcast publishing pométﬁdents should erfc?rm the initialpex eriment ti)sin the.

usually restricted to students in a particular, to phldisntent hvsical hard pt . : P ki ith hg ical

for the virtual classroom. However, publishing points ban physical hardware to gain experience working with physica

made public or even posted on the internet, allowing specig mponents. E_xp_erllmenyng with .a‘%‘“?' hardware.also allows
dents to gain insight into the limitations of thelipment.

events and presentations to be broadcast to students at ot ; .
institutions. In addition, students can be given broaduasti ubsequent experiments can then be performed remote]y using
access to publish their own content to a wider audience. the virtual laboratory. l_.Jsmg remote access .expenm.ents

ensures that students gain the necessary experience with the
Tutorials physical hardware, while also removing the physical access
Tutorials are important supplements to any lecture series. THimitations.

virtual classroom allows students to remotely interact with lication Publishin
teaching assistants (TAs) through a variety of communicatio PP d : .
ccess to software resources on a remote server is provided

means. For an informative tutorial, the TA can use the lectu t%rough an Application Publishing Layer (APL) that, in

broadcast component to give a tutorial session. For discdss ﬁgddition to hosting the full Graphical User Interface (GUI) o

based tutorials, a group instant messaging chat room wi g . .
shared whiteboard allows for collective and collaborative™ Y application, also provides virtual channels that allow the

learning. The tutorial sessions can also be run using etyari Lirx}otjte?pp_:_l;]c:tg)n “tgat%rr']m St;":r"]"i\rl]e fgrz(;tlﬁt”ticz)e;hz :,3;;“_

of peer-to-peer communication tools for direct communicatio%asepd terminal seF:\F/)er client ?o channgl a)(/jeskto session fro

between a TA and student. Instructors can also use these s he remote server to the local computer P

tools to communicate directly with students. The virtual puter.

tutorial builds on the fundamentals of the virtual claser  Experiments

with more personalized and direct communication modes.  Access to physical hardware resources is provided through a

Ass published application GUI, running on a target PC that

gnments ; ; . .
classroom are handed Ouf:ommunlcates with the physical hardware components using

Assignments for the virtual A . )
submitted and marked all in the context of the portal. Andata acquisition boards. Streaming video allows the studen

instructor can either post an assignment to a shared lecw?egssj:\s/eartgedigrcl)zgrgzsthorinihﬁ fhxef’%rmegrt] glr\i;:rtilgf I\(I)ijmk;;cal
chart room, or to the traditional courseware componen{. pay 9 y P

Students can then complete the assignments using the softw. Ped numerical displays. In addition, the virtual lab repasat

resources available through the virtual laboratory, incIudingnfeom'ggg?]Ct'?grs ﬁ;th inzsitrulzt%?;at?;y e:\r/];flraubclfr. frgr;esi?:e

simulation, design, and office suite applications. Studeats xperiment interface, allowing students to easily contact lab
store their incomplete assignments in the portal conterit:" . ' 9 . y ;
staff. An instructor can also remotely interact with a user’'s

database while they work on them, ensuring that their veork i . X X
accessible from any location. Completed assignments a%(pt_anment Session to help answer questions or demonstrate a
' articular technique.

submitted electronically, and then marked online by thé

instructor or TA, and returned as digitally commentedSmulations

documents. Hence, the entire assignment workflow ighe virtual laboratory includes simulated experiments based

maintained within the context of the portal, and can ben industry standard engineering simulation and virtuatinati

completed in an entire web-based format. software, published through the APL. This providessiséth
access to both software and hardware (computing) resources.
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Since multiple simulations can be run in parallel, access teach of which builds on the foundations of IM with ince
each virtual experiment is not limited to a single student. levels of interaction.
addition to full simulations, the virtual laboratory is ahfe of Pr e

performing Hardware-in-the-Loop (HIL) simulations than .
physical hardware as part of a simulated system, with l%resence represents the_ current.state of_a S.tl.Jdem’ ardiamclu
student’s local computer acting as the target PC interface. the username, contact information, .a\{allabmty and a list of

supported communication modes. Within the portal aesitsl
Lab Reports presence is generated by each communication tool and is
The complete lab report workflow occurs within the contdx  broadcast through any instance of their username. Students
the portal, from initial data collection to final submissmmd  can therefore tell if another user is available by simply logki
marking. Data collected during the course of an experiment &t their username. In addition, a student’'s presence can be
automatically saved to a student’'s personal document libratinked to an external calendar to automatically change with
(see eCollaboration), along with a report template thatheir schedule.
automatically imports and plots the data using a standard . .

pplication Sharing

form. With engineering simulation and analysis softwar licati hari I f students t llatso
available through the virtual laboratory, students analyze thei"\p.p Icalion sharing allows a group of students to colateor
using the same software application. Sharing can be dirtote

results and populate the report template. Completed regrerts . A ; , :
submitted electronically to a TA or instructor who then reark a smgle application or can include a stqdents ent|r¢ deskto
ggvironment. Control of the application can either be

and returns the report as a commented document. Sin gviron . L
: Walntalned by the student hosting the application, or can be

report workflow is completely self contained, automated, anélmultaneously o!elegated to any number of other studemés. T
paperless. second mode is generally used by a team of students

collaborating on a document, such as a report or experiment
4. eCollaboration write-up.

eCollaboration is used to provide students with access to eagfer Directory

other, and is fundamental to contextual-based engineeringhe portal contains a directory of all registered students,
education. A combination of communication and resourcénstructors, and teaching assistants (TAs) that is seaechabl
sharing tools are used to allow students to interact on |gased on user profile entries. The ability to search byem
collective and collaborative basis. However, eCollaboratiomhan just username ensures that students can easily find each
must not only provide a basis for collaborative learnind, buother, even if they aren’t sure who exactly they are looking
must also provide a collective community that facilitates theor. A group of students can use the directory to fincheac
self organization of students into teams, and provide®sts  other and self-organize into a team for completing a specific
with the means to publish their own content. assignment or project.

Asynchronous Communication Team Stes
Email is the most ubiquitous asynchronous form of wateld  Groups of students working on a common task or project can
communication. Software generated emails, called alerts, agelf organize into a team. These groups can then create team
used to track content changes on a specific site. Whesitthe sijtes in the portal on a self-serve basis using dynamic
content is updated, an alert can be sent out to students timplates and wizards. Each member of a team has their own
inform them that new material has been made availablgersonal view of the site, allowing them to customize the user
Discussion boards are used in the portal for collectiventerface and displayed content. Team sites are intended for
communication, usually in the form of a question and answegroup collaboration, and therefore contain a rich set of
board. However, discussion boards are limited in theitollaboration and project management tools. The main feature
usefulness since they are usually tied to a specific page oniga shared document library that allows students tatooihte
site. Web discussions, which are free-floating discussio@nd share documents. Team document libraries are optimized
boards, can be moved between pages and attached to a8y collaboration with a rich set of document management
content objects, such as a link or image, allowing disouss tools, such as version tracking and document. A singtkestu
threads to move with students as they make their way througan also check out a document from the library to prevent
the portal. other students from making changes to it. Simplifiedivass
Synchronous Communication of team sites, called Workspacgs, can als'o' be created by a
Instant Messaging (IM) is the most ubiquitous synobrs group qf students_ for performlng_ a specific t_a_sk such as
form of web-based communication. The multiplex Capab”ityconductmg_a meeting or collaborz_zltmg on a sp_ecmc docgment.
Presence is highly integrated into team sites, helping to

of IM provides an advantage over other real-timef cilitate  communication between students by allowin
communication tools since a single student can simultaneou?g y 9

communicate with several other users. Other synchrono ud_entts to access all tofbthe communlf_an?n tools without
communication tools utilized for eCollaboration includeugro aving 1o open a separate browser or application.
chat rooms, shared white boards, and audio/video chatting,
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TABLE |
AEROLAB PORTAL SERVERHARDWARE SPECIFICATIONS
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Personal sites are customizable websites that provide suden

with a private area for storing personal documents, and a plagé"ver cpu RAM HDD  NIC
to publish their own content. Students can select portddns RAAL Intel PIII 256 MB  10GB 100 M-bit
their personal site to publish to the portal, or posttioa o G00MHz .
internet. Child sites can be created under each personal sifgplication ngl 'Z”BQ'GX;O” 2GB 100 GB  Dual 1 G-bit
allowing students to create dedicated shared workspaces with (x64) 2. z _
ual Intel Xeon ua -0l
peers RTC Dual Intel X 2GB 100 GB  Dual 1 G-bit
) Lo x64) 2.8 GHz
Personal document libraries act as student-based contepnt (x64) .
o . . ortal Dual Intel Xeon 4 GB 1TB Dual 1 G-bit
repositories that can be accessed from a variety of mediums. (x64) 3.0 GHz
When a student qus on to a local Workgtatlon in the |tdae$ Dual Intel Pl 1.GB 50GB  Dual 100 M-bit
or laboratory, their personal document library is automdyical 1.1 GHz
mapped as a network drive. In addition, when a studeRfigeo Intel Pentum D 1 GB 250 GB 1 G-bit
accesses the virtual laboratory or published software 3.2 GHz
applications, their personal document library is also connected
to the session. TABLE 2

AEROLAB PORTAL SERVER SOFTWARE SPECIFICATIONS

5. Learning Management System Server

Software

Function

The LMS layer of the portal architecture includes all of theRAAL
features found in a traditional LMS, with specialized tdots o
monitoring software and hardware. The LMS layer monitorg*Pplication
each software module in portal, as well as the physical

MS Terminal Services

Experiment GUI

MS Terminal Services
Engineering Software

-remote desktop access
-interface to experiment hardware

-remote desktop access
-software resources

; C MS LCS 2005 -all RTC tools
Iliall\k/)lgratory h?rdwarﬁ and server resou;cehs. The_mterfage for'tﬁg MS Office CWA -web-based IM client
centralizes the management of the entire englneerlnlgortal MS SPS 2003 -user interface/collaborative sites

elLearning portal to a web-based control set that allows an

-backend database for portal

SQL Server 2005 x64

administrator to control the system at multiple levelemfr - MS Active Directory

individual hardware component interactions to global
configuration settings. The LMS layer also manages th@igeo
registration and authentication of users against a central
database that centralizes a user’s profile. Each component of
the portal authenticates users through the LMS layer, which The AeroLab Portal runs under a Microsoft Active
provides token-based credentials for Single Sing-On JSSirectory™ domain with each server (including virtual
throughout the portal. machines) running Microsoft Windows Server 2003™ R2.
Portal features are based on modular component of the
Windows Server System and include Live Communications
The AeroLab Portal at the University of Toronto is anServer™ (LCS) 2005, Office Communicator Web Access™
implementation of the engineering elLearning portal fo{CWA), SharePoint Portal Server™ (SPS) 2003, SQL™
Aerospace Undergraduate Studies. The network topology &ferver 2005, Internet Security & Acceleration (ISA) Server
the AeroLab Portal is modular in terms of software2004 and Windows Media Services™ (WMS) 9 Series. The
applications and server hardware to ensure generic reusabilf{leo server encodes analog video from cameras in the
of the engineering elLearning portal it is realized from. Eactphysical Laboratory using a GV-1240 DVR capture card,
component of the portal architecture is implemented usinyhich is then streamed to the virtual laboratory using
enterprise level sever applications, each run on a dedicaté&goVision Webcam Server. _ .
server. The five core servers that make up the AeroLab Portal Each physical server hosts one or more virtual machines
are the domain controller (DC), portal server, real timelsing Microsoft Virtual Server™ 2005 R2. The network is
communications (RTC) server, application server and videfosted on a 1 G-bit switch linked directly to the Unsigrof
server. An addition server is also dedicated to each experimeh@ronto network backbone via high bandwidth fiber optics
in the virtual laboratory, called the Remote Access Aerospad8ter-server communications is isolated on a dedicated VLAN
Lab (RAAL). segment of the switch. Hardware and software specifications
To ensure Comp|ete platform independence Of théor eaC-h server are summarized in Table 1 and Table 2,
implementation, all server applications are run on virtualespectively.
machines hosted on the physical server hardware. Virtual
machines use a combination of hardware pass-through and
virtualization technologies to run a guest operating system o Current courseware technology does not meet the
top of the host server. Applications on virtual machines caassential requirements for engineering education; it lacks
therefore be migrated between servers with little effort. effective means for interactive and collaborative learning, and
it does not allow learners to experiment with the physical
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-domain and user database
ISA Server 2004 -firewall and VPN connection

MS WMS 9 Series -video and textual broadcasting
GeoVision Web Server -live video from analog cameras

AEROLAB PORTAL IMPLEMENTATION

CONCLUSION
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hardware as they need to do in the real world. In response[4
comprehensive and generic architecture was proposed in this
paper for engineering elLearning with the emphasis on
experiential and collaborative learning. This architecture is, in
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M. Brereton,The Role of Hardware in Learning Engineering
Fundamentals: An Empirical Sudy of Engineering Design and
Product Analysis Activity, Ph.D. Dissertation, Stanford
University, Stanford, 1999.

essence, a rapprochement between the academic agvfd Collaboration Research and Education Network (CRER)6

corporation eLearning. It implements the portal technology to
establish a seamless integration of content-delivery an
collaboration tools, plus providing direct access to hardware
experiment setups, as well as software
applications. Modularity of the architecture constituents
enables one to readily implement various courseware a
eCollaboration technologies and also to easily apply th
architecture for various engineering courses. Of particular
interest is the application of the proposed elLearnin
framework for the hands-on, project-based engineering desig
courses. The AeroLab Portal developed based on the proposed

resources, i.e.,

http://www.cren.net/know/techtalk/events/portalsikitquestions

architecture was used for such a design course in the current 14715
year at the University of Toronto, and an analysis of the

results will be reported in the future works. Using Ao
Portal, it is also planned to develop inter-university
engineering courses and examine the pedagogical implications

of portal-based engineering education. 2003, pp. 389-397.
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