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Abstract 1, Recent developments in streaming video and 
informatian technology have made il possibie to design video-dn- 
demand (VnD) based learning systems that allow on-campus and 
off-campus access to learning material available in rideo format. 
The wide-spread approach to computer based and distance 
education is to present mainly text based material as web pages 
or as other graphics enriched text presentation forms through the 
World Wide Web or CD-ROMs enriched with video clips. An 
alternalive but a? yet not widely explored approach is possible 
where video presentations can be made the central media for the 
coverage of the concepts but this time, the additional material in 
the form of text, graphics, visualization models, presentation 
slides and other document forms may be inserted in the 
presentation project in support of the video presentation. This 
paper describm the design of a Pedagogically Enhanced Video- 
on-Demand (PeVoD) system for the implementation of a 
complete Computer Assisted Learning (CAL) or Asynchronous 
Distance Education (ADE) system. The main objective is the 
provision of a pedagogically enhanced learning environment that 
will allow the traditional VoD systems to include synchronized 
“html” based pages for additional clarifications on the subject 
material. Furthermore, all the other features of a dynamic web 
page such as, animation, flashing objects, color, forms, special 
icons, dynamic links, graphics, sound can be used in conjunction 
with the VoD based video material presentation. The system 
incorporates a number of novel features including the facility for 
student interaction with the learning. material. Other features 
include communications facility between the learnen, learners 
and lhe instructor, threaded discussions, chat and discussion 
forums. These help create an environment for active and student 
centered learning system. . 

1. INTRODUCT~ON 

Fast developments in streaming video and information 
technology have resulted in the development of many local or 
remote applications in education. Computer based education 
systems have been developed to meet the needs of both the on- 
and off-campus learners. Many universities have both the 
course web pages as well as extended programs for distance 
education. A number of different techniques are being 
,employed at universities and organizations providing 
computer based and distance education. These include the use 
of the web technology, interactive TV, digital video, 
videoconferencing and a hybrid approach u!ilizing a number 
of these technologies. In recent years increase in the 
bandwidth of distribution and access networks, as well as 

0-7603-8596-9/04/$20.00 0 2 0 0 4  IEEE 41 5 

. .  
availability of mass storage devices have made the use of real- 
time and stored digital video possible [4, 61. The wide-spread 
approach to ‘computer based and distance education is to 
present mainly text based material as web pages or as other 
graphics enriched text presentation forms through the World 
Wide Web or CD-ROMs enriched with video clips. An 
alternative hut as yet not widely explored approach is possible 
where digital video presentations can he made the central 
media for the coverage of the concepts. In this case, additional 
material in the form of text, graphics, visualization models, 
presentation slides, sound and other documentlobject forms 
may be inserted in the presentation project in support of the 
video presentation [I-21. 

can be classified as Synchronous DE (SDE) and 
Asynchronous DE (ADE) [ 5 ] .  SDE must be handled in a way 
that all the learners and the instructor must be online and a 
“meeting time” must.be arranged. If the SDE is supported with 
the online video streaming technology or the interactive TV 
(ITV) [7], it becomes nearly class education quality with many 
advantages. On the other hand, SDE sessions must be 
announced in advance and a given session must be presented 
during the period allocated to that session. The quality and the 
efficiency of the online course depend on the instructor’s 
performance capabi!itics. Since each learner has different 
capabilities, computerized SDE may not be the best choice at 
all [SI. ADE is the alternative choice-for computerized DE and 
could he applied at any time on the request of the learner [31. 
Video sessions supplied for the ADE course could be more 
effective than the SDE online courses since it may be built up 
on a scenario to fit its requirements. Furthermore, a learner 
could pass over difficult topics several times for revision. The 
disadvantage of the ADE is that. since it is served on the 
request of the learner and on a peer-to-peer basis [XI, there 
will not be any online instructor to answer the learner’s 
questions. This may be remedied by the use of discussion 
forms and announced chat times with the instructor. 

In this paper, the use of the Video on Demand (VoD) 
technology [S-IO] for computer based and distance education 
is studied. In order to provide an active learning environment 
as well as a learner centered approach, a number of 
enhancements are proposed for the delivery of the course 
material and the general learning environment. This results in 
a system that is labeled as Pedagogically Enhanced VoD 

Distance Education (DE) made through computer systems . 



System .(PeVoD). The main idea is that a learner usually 
relates new material to  hisher existing knowledge. This. (s)he 
does in two ways: first, by reminding him(her)self of the pre- 
requisite topics for the concepts presented and second, by note 
taking or jotting down information. It is envisaged that if the 
topic and concept related learning material can be made 
available to the learner, (s)he will use them to establish the 
necessary foundation in the pre-requisite concepts. For this, 
the instructor ,can decide with the help of students the 
additional learning material necessary for understanding the 
concepts to be .learned during that session. Further, other 
relate$ inaterial may be linked and synchronized to the video 
clip. These materials may include relevant notes. information 
sheets, sample solutions. simulations, graphs, sound, and other 
multimedia objects for helping the learner in hidher task. The 
issue of note taking can be provided by allowing the learner to 
be able to have a similar facility.with which (s)he may add 
notes, links and documents in addition .to those of the 
instructor to the video clip. The PeVGD system is proposed to 
provide all these fejmres. ; . 

This .paper is organized as follows: in section 2. 
architectural design of the VoD system, the general system 
configuration and components are described. In section 3, 
pedagogical . enhancements to  the system are described. 

-. ~. ' : . 
1. - '  seciion 4, while. section 5 investigates .the-practicalities. The 

: 

Implementat,i?n of pedagogical enhancements are described in 
3 .  

. .  final section includes the conclusions.' . 
e .  

. .  . .  
11. ARCHITECTURE OFTHE VOD SYSTEM 

A Video-on-Demand (VoD) system necessarily comprises 
one or more VoD servers and a~number of clients operating in 
the client-server mode. As the name implies, a VoD system 
provides Bither a facility to  download or stream and play 
requested video files from a server. The latter is referred to as 
streaming ;ideo: It is the preferred method due to its 
advantage of allowing starting of the playing of the video after 

. ' buffering the minimum number of necessary video frames 

- 
. .  

. .  

played on the client terminals. The distributed nature of the 
design allows the installation and mai.ntenance of VoD 

-\ 

learning material for different, faculties or even individual 
depanments. Another advantage of this 'system is, load and 
content distribution. This allows speedier access since only the 
relevant content is' accessed, on any server; this resul$s in 
minimization of irrelevant traffic.load on the VoD system. It 
also alleviates the mass storage problem encountered in many 
VoD systems. 

A VoD Ployer client and a VoD Design Studio client are 
shown in the diagram. The player client is typically the 
computer of a learner. The number.of clients simultaneously 
acccssing'the VoD'system is a design parameter and is based 
on thc server configuration and capabilities. The design.studio 
client is a VoD Editor client,. typically. accessed by faculty 
members who are expected to  create multiniedia lecture 
sessions for their online-courses. An additional client would 
be a management client, who would maintain the VoD system. 

while downloading the remainder of the video file. In VoD 
' . systems a method of organizing and announcing the- list of 

availablf video files is necessarv..A user at the client machine 
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can then access. the. video seiver.for available titles and 
-download and play the selected video clip on the client 
computer. 

Different architectures may be used in order to  provide this 
service. The technique proposed by Rousseau and Duda [ I ]  
has been adopted and extended in this work. The proposed 
technique necessitates the use of amediation server for service 
access and a content server for .multimedia content delivery. 
The general scheme which includes these servers and the 
different types of clients are depicted in Fig. I. Here, one 
mediation server and three content servers are depicted. The 
mediation server allows the registration, request, negotiation 
and authentiiation for services from the VoD system. In short, 
it 'mediates 6e:ween the content servers and client applications. 
The content server provides storage and streaming for the 
video clips and. files which can be selected, downloaded and 

. . .  

Standard video-on-demand systems offer nothing but the 
plain streaming video to-the clients. Everything related to  the 
course is assumed to he within the video session. Lectures are 
recorded on video tapes, digitized, (or are alternatively 
recorded in digital format), compressed and stored on video 
servers. Sessions of lectures are indexed and users are 
expected to download and play the video clips. This system is 
n'fully asynchronous learning environment. It can be used as 
local (e.g. campus based) and distance learning platforms. 

The proposal i n  this project is that. a number of pedagogical 
improvements can be added to this static learning environment 
to make it a much mo!e powerful learning environment. These 
include the followin'g: 
1. The use of additi&i ' leaming-'~~aterial which can he 

synchronized to the video session, 

, .  . -  
.. . 
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2. . Allowing the learners to interact with the video session material, hyperlinks, ActiveX" components s u c h  as 
Microsoft" Office" components, Macromedia Flash" and 
Adobe Acrobat", music; sound, etc. These can be 
used to annotate the video based course material in order to 
bring the related content to the attention of the learner. In this 
way, the learner gains two impotiant advantages: 

reference to additional ,material .on the topic; hence, gaining 
an insight to the pre-requisite or more advanced topics 

and the learning environment. 
Allowing the learners to communicate in real-time and in 

. ' non-rea! time foniiats with'their Peers a% well as the 
' . instructor, 

4. Provision of a threaded discuss'idn forum for creation of a 
class-environment. 

a 

learning envifonment &rise learning for the 0.  access to additional content for visualization and learning. 
students. This . extended.. VoD system is . called the 
pedagog,cally Enhanced video .bn Demand ( p e v o ~ )  system 2. Learner inreracrion with the learning environmem 
i n  the paper. in short, the p e v o ~  system is an An extension of the idea of adding synchronized learning 
asynchronous distance leaining ( . , % . D L ) ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  that offers material is that' each learner could also make notes and add 
multimedia, i.e. text, sound, video, further links to the video material in addition to those-that are 
enriched courses to be presented over intranets or the Internet created by the instructor or the author. This allows 
with its own client-server applications. personalization of the video clip. Implementation of this idea 

necessitates the use of indexing and relating additional content 
material based on user profiles. PeVoD allows user content 
additions to a VoD based project. The uskr additions are added 

A. Desired Feature.s 
1. U.xe <faddiriotial /e&ning material 

Stored +ideo or v o ~  iystems are useful but are rarely used to the project by blending synchronization cycle of the current 
on their own for distance learning (DL). There is a need to Project with the user contributed materials: 
provide video as part of a complete DL environment. This 
environment may have different p,,: one approach is to 3. Learner communication in real and non-real rime 
'provide video ,.lips when 'and', ,,,here necessary for In a class environment. usualiy the instructor-student 
demonstration a based learning communication is ' encouraged. . Student-student 

is the approach in of the communication is allowed in special sessions, in tuiorials or 
based DL sj,stems. in the p e v o ~  group meetings. By allowing both the instructor-student and 
covers the main event or a prese~tat,on on. the topic, student-student communication: at the same time, additional 
Additional learning be added ;as text or synergies can he activated; -hence increasing learning. The 
multimedia the "ideo session. The problem is PeVoD system aims to provide both through a real-time chat 

this Inaterial be synchronized the facility. Instructor "presence" during learning sessions may he 
in order to be displayed at ihe time du& the achieved by advanced scheduling of instructor contributed 
,,ideo presentation, necessitates the provision of two main sessions. However, the most useful feature is that the students 
windows for presentation: first, the video screen and second, a Can use the asynchronous learning' e n v i ~ o ~ m e n t  af their 
multimedia presentation space for the' addiiionil learning Convenience, while having the capability of  
material. It is proposed that the most suitable window for the a. setting up chat sessions about the video lecture topics with 
additional learning material'is a browser .window attached to other students who are on-line at the same time, 
the video window. In this way, the instructor responsible from b, sending the,r enquiries by e7mail to ;he inStrUCtor or their ' 

delivery of the DL package may utilize the browser window peers i n  an manner, 
space for placing additional learning materials. Each 
additional learning.materia1 will be'synchronized to the video 
at the time of its addition. These materials may include: A discussion forum is proposed to be included ,in the 
- prerequisite material necessary for understanding the PeVoD system in order to allow threaded discussions to be 

concepts discussed in the video session, made on the presented material. This is expected to increase 
~ related supplementary material that may help consolidate the class interaction. 

. understanding or provide additional samples for~discussion, The features described above are included in the PeVoD 
- summary of important topics, design in order to provide a learner centered educational 
-' additional solved examples, environment. ' 

- visualization, simulation and virtual reality, 
- graphics, plots, documents and tables with related B. The PeVoD System Componenrs ' . 

information on the discussion topic, The desired features of the PeVoD system. have been 
- links to other source materials on the subject, etc. enumerated ' above. In this section, the client-server 

The additional learning material that can be added and architecture of the PeVoD system is described in more detail. 
synchronized to a video session inay come in various formats The VoD system is shown io have the client-server 
including HTML, XML, DHTML based mark-up text, virtual architecture in Fig. I .  The PeVoD system is based on the 
reality modeling language (VRML) based visualization 

~. 3. 

. .  
. -  

lt is beiie.+hat the addition of the above features 
Standaid V ~ D  iYstem i s  adequate tp make it a interactive related to the issues discussed in the video clip.. 

of 

and 

. , 

. 

the ,,ideo 

. 

4, ~ ~ , ~ ~ i ~ i ~ ~  ofthreaded di,scussionforum 
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standard VoD system but additionally incorporates the courses, the PeVoD Player connects to the Mediation Server 
following features and components: 

TABLE I 
PBVOD CLIENT-SERVER APPLICATIONS AND COMPONENTS 

sonware ~ ~ m p ~ n m  Client-Server 
Applications 

StudeiiVLearner Client PeVoD P iay '  
Client Proieci Editodimtmccor PeVoD Project Editor 
Side Databare and Conrent ' Web acccss to server 

I 
TCP, UDP and tTPSewerr. . .  

VoD Cd&t Server Video Library. 
supponinp materials 

1. A distributed server architecture (see Fig. 1): allows 
multiple video servers to be present in the system, 

2.  multiple"^ c!ient types: includes access for the normal 
PeVoD Player. the PeVoD Projdct Editor, and the System 
Manager clients. ' . 

The different client and server types available in the PeVoD 
.system are listed in Table 1. Both the server side and the client 

, sid,e applications and their software components are given in 
the table. 

The details about the software components are described in 
~ . '  . thenext section. . .. ... . 

. 1  

/ I I / "W I 
Fig. 2.  The PeVoD Playei 

course, the PeVoD Player gathers the Content Server data 
about the server .on which the project is located. After this 
step, the PeVoD Player connects to the Content Server and 
downloads thc supporting "html" pages and their bounded 
objects by an FTP process and makes another connection to 
the Content Server with the preferred transport protocol to 
stream the selected course video. After that point the session 

Iv, OF ENHAljCEMENTS starts and the course video will be streamed. The learner has 
full control on the streaming video such as oausinz. stomine. 

Implementation of the suggested pedagogical enhancements 
is described in. this section with reference to the client and 
server side application software components. 

A. File Client Side 
The clienl side components include the PeVoD Player, and 

the Project Editor software units. These are depicted in Figs. 2 
and 4 respectively. 

i )  The PeVuD Player 
The list of requirements from pedagoiically enhanced VoD 

player (PeVoD-P) system has been described in earlier 
sections. These are shown in the figure below which depicts 
the different panes of the application display window. These 
include the video display,, discussion forum, and the chat 
panes as well as the "html" based display pane for displaying 
the additional learning materials. . 

The PeVoD Player is capable of authenticating the users on 
the Mediation Server, streaming the course video in its video 
screen and browsing the "html" pages in its embedded "html 
viewer" as shown in Fig. 2. The presentation of the ADE 
course is handled arter the processes of authentication and 
selection of the preferred video transmission protocol are 
carried, out. When the user requests the list of available 

. .  

. .  . '. 

- .. - 
forwarding or reversing. Details of the PeVoD Player are 
shown in Fig. 2. The browser window is used to  display the 
supporting material. 

Fig. 3 depicts a number of enhancements implemented on 
the PeVoD Player software. These include the buffering 
progress bar (4). the scroll bar (3). and the symbols (1) and (2) 
for the synchronization points on the video bar. The progress 
bar (4) shows the amount of video buffered so far and the 
video scroll (slider) bar (3) shows the amount of piayed video. 

The instructor placed and student placed additional learning 
material are distinguished as descried above. This is also true 
for the way in which these are added. While the instmctor 
plices additional learning material using the PeVoD Project 

Fig. 3. PeVoD Player enhancementi: video slider 
and "Pause and Dnp" windows 
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Editor, students can use the Pause & Drag window (5) 
provided with the PeVoD Player as shown i n  Fig. 3. Any 
document or  display object c.:. he dragged and dropped into 
this window to append it to  It.: ii-lro diipldy lisi and 
synchronize i t  with the video at the time of the frame 
displayed at that moment. The additions made by the student 
with the PeVoD Player will only be seen by this student and 
stored in the students' local compu1er:Synchronization points 
on the scroll bar are indicated with symbols. The symbols "o" 
and "m" indicate the- instructor and student placed additional 
learning materials respectively. 

i iJ The PeVoD Project Editor 
' . The PeVoD Project Editor (PE) application, window screen 

shot is shown in Fig. 4. The.four main panes'of the system are 
the video preview screen ( I ) ,  project display pane (2). 
synchronization and timing ruler pane; also known as the 
content material additionledition bar (3). as well as the "html" 
viewerleditorlcode editoridisplay pane for the additional 
learning material. The PeVoD-PE is a handy tool for the 
design of multimedia based courses by instructors. Its main 
feature is the capability to include additional course m+terials 
as "html" pages synchronized to the course video. This editor 
is capable of DHTML editing and course previewing facilities. 
After the development of the course, the ADE project which 
includes video, html pages and their bounded objects such as 
images, animations or ActiveX" objects and the 
synchronization dam is sent to the prefened Content Server 
and is registered on the Mediation Server on its appropriate 
branch of course. The "html" pages added to the course 
project will be identified as "tics" (2) in the PeVoD players' 
scroll bar and will be shown in the PeVoD Player's "html" 
browser pane when the scroll bar passes through these tics as 
shown in Fig. 2. 

iii) The PeVqD Web Services 
The PeVoD Web Services (WS) can be used either by'the 

administrators to manipulate the projects and take statistics or 
by the students to view the discussions made on a topic. Both 
the students and the administrators must be authenticated 
before logging into the PeVoD web services. 

E .  The Sewer Side 
iJ Content Servers 

Content Servers are supported with the designed 
applications to give the learners the selectivity of network 
appliestionitransport protocols including FTP, TCP, UDP and 
Reliable UDP (RUDP) where RUDP is designed for the 
streaming purposes of videos on low bit error rate networks. 
The protocols mentioned above have different overheads and 
reliabilities. 

i iJ Mediation Server 
The Mediation Server is supponed with an SQL relational 

database management system (RDBMS) and a web server in 
order lo facilitate web based discussion forums and storing 
important system related data. 

, .  . . .  

I->- -- m x  

1 = =~ ~ ~~~ ~ ____i~__i,-_~ _ _  1~ ___;; 

8.b r-7Giiir.r 

~ i i .  4. mc PCVOD Project ai ror  

V. PRACTICALITIES 

Video centered CAL and ADE implementations. necessitate 
the availability of a powerful design tool to serve the needs of 
instructors in designing their coursc projects. A course project 
involves the creation and storage of a multimedia prescntation 
project with video as th; main component and additional 
learning materials added and synchronized with the video. To  
meet these requirements. the PeVoD system includes a Project 
Editor (PE) tool that can handle all the.project related tasks, 
such as editing, creating, designing and posting the projects 
with their bounded content materials to the servers and 
registering these projects with the Mediation Server. In the 
absence of this kind of a tool, the project design process will 
be a tremendous work for the course'instructors. The steps for 
creating a project are as follows: 
i) PeVoD presentation project video must be convened in to 

a digital form by external tools in a variety of popular 
compression algorithms. After this step, instructors can 
use PeVoD Project Editor to publish their videos. 

ii) After authenticating hidher-self with the login facility of 
the PeVoD Project Editor, the instr!xtor may select a 
category for the.projec1 in the range of courses displayed 
by the editor. If necessary, a new project title will be 
added to  the appropriate category. 

iii) With the addition of the new project. to a category, the 
editor will Stan to  play the video, at this point-new "html" 
pages could be added to the project and they can be edited 
by the DHTML editing facilities of the editor. The editor 
also synchronizes the "html" pages to the video with 
respect to their "addition time". Addition time is the video 
playing time of {he corresponding video frame. . 

iv) To complete the PeVoD project publishing operation, the 
instructor must use the "build" facility of.the qditor. This 
build facility sends the project and its bound objects to the 
desired. Content Server by an FTP process and registers 

~ . 
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. .  
this project on the Mediation Server after successful 
completion of the FTP process. Once the projects are 
registered, the learners should be a t i k t o  see them in 
the PeVoD Player project selection screen. 

place the prerequisite, frequently asked or more advanced 
niaterial related to the topic of the video presentation. The 
learner on the other hand, not only finds the video.presentation 
that is repeatable an infinite number of times, but also can 

The learners using the PeVoD Player must also be browse additional material related to the concepts presented 
authenticated through the Mediation Server by a login process. almost at each video frame. In addition, the learner is allowed 
After the login operation, the users will be able to see the to "jot-down" any ideas, comments, additional links or 
current projects registered on the Mediation Server. After the material as additional content material in a similar manner to 
seliction of the desired projedr from the list, the PeVoD Player that of the instructor. This facility provides a unique way of 
gets the relevant ."project informa!ion" :froin ,the Mediation interaction by the learner with the course material. 
Server. :This information includes the Internet Protocol (IP) Furthermore, the learners and the instructor can meet over any 
number of the Content Server where the project.relaied data video presentation usin& the incorporated discussion forum, 
are located. After this step, the PeVoD Player connects to the per-project threaded discussion list and the chat facility. These 
related  content^ Server by an. FTP 'process to download -fat es allow a multitude of interaction possibilities between 
additional course related content data such as "html" pages, the learner-learning material, as well as the learner-learner and 
images and other objects. Further, i t  makes another coniiection the learner-instructor pairs, hence creating an active learning 
using thc preferred transport protocoifor streaming the course environment. It is believed, that the use of these twls and 
video. After a little buffering, depending on the connection concepts in distance education or in computer assisted learning 
type or bandwidth: the course video starts to play back and the applications will enhance student learning in ways not 
synchronized "html" pages. are shown in the embedded,html envisaged before. 
browser with their appropriate timings. 

The learner at that point can also add hislher content 
material to the DE project by dragging the materials to the 
"Dra&gin& Pane" Of the Player as show! in the Fig. 3(5). The 

.user additions are stored in the user's 1ocal.computer and are 
.synchronized to the course video. In the subsequent 

openings of the same project, the peVoD Player kill search 
for these addition? and .show theni. with their appropriate 131 c.B. Margi , .e t  An onli,je Web coune and 
timings also. ' . 

., 
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'used. The proposed system has been implemented as a piloi 
within the Depaitment. What distinguishes this proposal from 
standard ' VoD. type applications is the availability of 

. ~ $dagogical. tools and the creation of an active learning 
enviibnment for the learner. It is envisaged that.the powerful 
environment of a, video presentation can. still be enriched 
pedagogically, by associating the ~concepis presented in the 
video with additional learning materials. The PeVoD design ' 

incorporates a powerful Project Editor for the instructor to 
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