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Abstract

Computer and multimedia technology play an
increasingly important role in education. However,
current educational multimedia systems suffer from a
major drawback that they don't support active
engagement from users. In this paper we present a system
that overcomes the hurdle. Our system offers rich user
interactivity; it naturaly supports and invites user
involvement in a multimedia presentation. In the paper we
first categorize the different levels of user interactivity
that we deem vital for an interactive multimedia system,
and then we describe a system design that enables active
engagement.

1. Introduction

Computers have become such an indispensable part in
our daily lives that they have gradually affected the very
way we teach and learn. During the past decades, the
basic model of education delivery has been dramatically
changed with the advancement of computing technology:
from the traditional learning model which includes direct
interaction between lecturers and audiences, passive
learning, private reading and introspection to computer-
aided distance teaching and learning. More often, the
human teachers are completely substituted with computer
systems. For example, any registered |IEEE member can
take the Web-based on-line courses provided by IEEE
that are totally instructed by computers.

Nowadays, a typical on-line course might just require
a student with basic computer operating skills to be seated
before a computer, and the Web-augmented or Web-
delivered electronic content is simply severa clicks away.
The whole learning process is different from the
traditional way in that it is asynchronous, more private

and self-paced. Moreover, the delivered electronic content
is moving quickly towards multimedia--text, graphics,
sound, animation, and even full-mation video. The pupil
can then access this richer content in his’her preferred
order, at any time that is appropriate. Access to course
material becomes individual; the student receives the
tutoring when one needs it most, in the sequence and
guantity for which one has prepared [1]. It is foreseen that
such an "any where any time" paradigm will replace the
traditional education model eventually, and we will
finally step into an "e-tutelage'[1] era.

However, despite al the benefits the "e-tutelage” has
brought to us, it aso raises new challenges to the
educators. Experiments show that the actual effect of
Web-based distance learning is still not satisfactory. "The
majority of prepackaged multimedia education products
are educationally poor" [2]. The reason is rather
straightforward: current "e-tutelage” techniques overlook
the very essential element of a successful learning
process--active engagement. While the great advantage of
the "e-tutelage” model itself is that the pupil is actively
engaged in the learning process, actua live engagement
using current technology is not yet available. We describe
below two teaching applications in which active
engagement would vastly enhance the service:

Teaching children with Attention Deficit
Hyperactivity Disorder (ADHD). Children diagnosed
with ADHD are very challenging to teach due to their
highly fluctuating energy levels. The ideal teaching tool
would be one that allows the parents/teachers to tailor the
lesson content to fit the child's specific learning styles and
abilities and also allows the child to interact with the
presented material. In other words, the child can
manipulate the different objects contained in the
presentation (jump forward, go back, enlarge, remove
etc.), enabling it to progress at its own pace. This requires



that the content be object based and accessible/changeable
in real-time by the user.

Foreign language learning. Learning a foreign
language can be a daunting experience for some of us.
The ideal learning environment would be one in which
the student could 1) listen to alesson in the new language
as well as the native language, aternating between them,
2) that each video/audio track be accompanied by
subtitles in the other language, 3) have the ability to FF or
rewind at any point in the lesson and 4) have an
accompanying text window that provides phonetics,
grammar rules, etc related to the material being covered.
Current distance learning technology does not support
high levels of user interactivity for remote access, i.e.
most of these interactive features are disabled.

These two examples show us that current "e-tutel age”
techniques simply deliver content with no recourse to
allowing students to actively engage in the learning
process [2]. The lecture content usually cannot be
reordered or segmented from its original state during the
delivery process. Given the fact that a successful learning
experience basically lies in interaction--the student must
actively participate in the learning, it isimperative that we
work to enhance the process with more interactivity
support.

2. Interactivity

In this paper we model e-tutelage as a process which
has 3 mgjor parts as depicted in figure 1. We will use a
distance language learning application as an example
throughout the rest of the paper to illustrate our system
design.
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Figure 1. A model of e-tutelage

Both the teacher(s) and the student(s) interact with the
supporting system, and they interact with each other via
the supporting system. Besides the expectations we have
identified above, it is also highly desirable that the
teaching content can be prepared using multiple
components. In other words, the teacher(s) can assemble a

lesson based on all the available pre-recorded components
for the targeted student(s) easily. Idedly, such a
composition process should mainly be associating the
components spatially and temporally, and the supporting
system only needs to store a description of this
presentation. Once the learning process, i.e. content
delivery process from the supporting system to the
student(s), is triggered by the student(s), the supporting
system starts pumping the final presentation content on
the fly. During the playback of the presentation, the
student(s) can interact with each component or a group of
components. For example, in a foreign language learning
process, the student(s) may want to slow down or skip
certain parts of the presentation, manipulate the volume of
different languages, or turn off one language completely.

Apparently, different kinds of interactions are
involved in such an e-tutelage process from both sides. To
fully enable these interactions, we further classify them
into three categories, namely, presentation level
interactivity, session level interactivity and local level
interactivity [11]. The definitions are detailed as follows:

e Presentation level interactivity: in  which a
teacher/student makes changes to the scene by
changing the characteristics of a presentation
component (on/off status, size, resolution, sound,
language track, etc.).

 Session level interactivity: in which a student
controls the playback process of the presentation (i.e.,
VCR-like control for the whole session and for
components (or group of components if temporally
linked).

e Loca level interactivity: in which a student only
makes changes that can be taken care of localy, e.g.,
changing the position of a component on the screen,
volume control, etc.

In this paper we present a client-server based
supporting system that encompasses the above 3 levels of
user interactivities to improve e-tutelage. Our design is
motivated but not limited by MPEG-4, a new |SO/IEC
standard [3][4][5]. With MPEG-4 technique, the final
multimedia presentation is treated as a superset of media
objects, which can be natural/synthetic audio or video,
text and graphics. Each object is carried by one or severa
elementary data streams, and delivered to the end user via
different transport channels. By doing this, the end users
can interact with the multimedia presentation and
manipulate the different media objects. For example, end
users can change the spatia-temporal relationships for
different objects, turn on or shut down media objects,
specify different perceptual quality requirements for



different media objects, and have VCR-like control over
the session or object groups. It then becomes possible to
enforce the active involvement of end users. The system
design is presented in the following parts.

3. Authoring Tool and iPlayer

The three levels of user interactivities are embedded

in two application-level components in our system:
authoring tool and interactive player (iPlayer).
Our authoring tool enables a user to compose a
presentation tailored to one’'s interests or preferences,
therefore the authoring tool itself reflects presentation
level user interactivity. In contrast with most existing
authoring tools which are typically coupled with encoder
to produce a file storing all the contents of a presentation
[6]1[71[8][9], our authoring tool is completely independent
of encoding process, and simply generate a SMIL-based
[10] presentation description (PD) without any real media
data in it. Rather, the media contents can reside at
different places from a user's site, for example on a
remote server's data repository; they are retrieved and
streamed to the user when the presentation is requested.
The PD contains a scene description (SD) that indicates
the temporal and spatial relationships among objects; it
also includes an object descriptor for each media object
(OD) that specifies various attributes of the object.

As an example, suppose we author a distance
language learning presentation as presented in figure 2.
The presentation consists of a group of objects. a 3D
room, a background picture, some furniture items, and a
person that is composed of three parts: a video, an audio
and a subtitle revealing what the person is saying (this
could be further enhanced by the addition of a power
point slide presentation with relevant content, for example
the pronunciation or usage of a word, a picture related to
the speech, etc.). The PD for this presentation is
illustrated in Figure 3.

This 1s Lecture One

Figure 2. A sample presentation of distance
learning.

The scene description of a PD has a tree structure
describing how a presentation can be decomposed into
individual objects. The inner nodes (dotted circle) of the
tree structure represent virtual objects and the leaf nodes
(solid circle) denote real media objects. The scene
description here shows that the person's video, audio, and
the text subtitle are synchronized with each other. The
scene description specifies temporal information for each
object such as its starting time and duration. The scene
description also contains spatial information for each
object that indicates where on the computer screen the
object should be shown. The gpatial information is not
shown in figure 3 but is included in the resulting PD.
Associated with each real media object is an object
descriptor (rectangle) that lists possible values for the
object's various attributes (bit rate, resolution etc.), the
currently selected ones are underscored.

Talking per: icnlbues

$69‘5@

Language: English, LitRate: 128kbps Wirtual Object
Freach 256kbps
BitRate: 64kbps 2Mbps O Media Object
128kbns Resolution: 176 * 144 . T REBHER
192kbps 352 % 238
640 * 430 l:l Object Attributes

Figure 3. Presentation description of the
distance learning example.

Our authoring tool features a web-based interface that
allows remote (or local) access to media objects stored in
the server's database. A user can browse the content, pick
desired objects and drop them into the authoring window,
choose the preferred quality (bit rate, resolution etc.) of
each object, and specify the temporal and spatia
relationship between objects. For the above example of
distant language learning, the audio of the talking person
and the subtitle text are recorded in multiple languages
such as English, French, Spanish, Chinese, etc. The video
is layer compressed into multiple video objects, one for
the base layer and others for different enhancement
layers. All the audio, video, subtitle text, and other related
objects (furniture and background images) are stored in
the server's media database. An instructor can then author
a presentation with a particular video quality and a
preferred language for the lecture. When avideo object is
right clicked, a window appears that lists al possible
qualities (combinations of attributes such as bit rate and
resolution) of the video and related language tracks and
subtitles. For an English-speaking student who wants to



learn French, it is desirable to have the voice speak in
French and the subtitle text in English for trandation.
Also if the student has a high-speed (broadband) network
connection, a high bit rate (or high resolution) video can
be chosen. Authoring such a presentation with our tool is
shown in Figure 4.

The authoring tool generates the PD for the
presentation as illustrated in Figure 2. When a
student/user wants to playback a presentation, either it is
created by the student or user of the system and then the
PD is sent to the server or if apre-recorded presentation is
requested, the PD aready resides on the server and it just
simple retrieved. The server then parses the PD and
decides what media data to send and how to send them.
The client aso relies on the PD to synchronize media
contents and render them on computer screen.
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Figure 4. Authoring the presentation with our
tool

The Interactive Player (iPlayer) of our system enables
all three levels of user interactivity during the course of
the presentation playback. In Figure 5 we show the
iPlayer playing the distance learning language
presentation mentioned above.

iPlayer consists of several buttons and diders as shown,
that allow a user to apply VCR-like control to individual
media objects or to the presentation as a whole. A user
can also change a media object's quality attributes or
delete the object all together. For that a user right clicks
the object, then a pop up menu similar to the one in the
authoring tool opens up with possible options which are
extracted from the object descriptor in the PD. Objects
may also be added. When "Add" is selected, the authoring
tool is fired up and the user proceeds to pick the required
object, from the server's data repository, that is accessible
to the user (e.g., a selection of objects that the teacher has
made available as part of the course material such as the
powerpoint dides that give the meanings/usage of words,

a picture depicting the scene being voiced, etc.). The
changes to the presentation will be sent to the server in an
updated PD. The presentation proceeds with the new
object added unless the user decides to restart the session.
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Figure 5. iPlayer with the distance learning
presentation

4. System Architecture

Our system puts a strong emphasis on the object-
oriented structure to maximize the possibility of
interactivity to the end users. Our system design is
centered around this premise and built upon a
client/server model. Figure 6 depicts the architecture of
our system. It consists of 1) a server, which stores
encoded media objects and serves streaming, 2) a client,
which composes and/or playbacks the presentation, and 3)
an | P network.
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Figure 6. System architecture

The built-in functionality of the system can be
vertically grouped into two planes: data plane and control
plane. The data plane is responsible for all actions
associated with the retrieval, streaming, and playback of



the media data. The control plane is built for exchanging
and processing control messages triggered by user
interactivity.

Within the data plane, a repository stores all the
media data, which can be used to compose the multimedia
presentation, at the server side. State-of-the-art coding
techniques, such as layered coding, arbitrary shape
coding, etc. are used to prepare the data. This provides
more flexibility in meeting the different demands for
bandwidth needs and perceptual quality. For example,
with arbitrary shape coding, the end users can easily mix
and match foreground and background objects based on
presentation needs, and better overall quality can be
achieved compared with the conventional square frame
rendering. The server associates the media objects with
timing information on the fly according to the description
of the presentation submitted by the end users. Different
media objects are virtually "synchronized" after this. A
particular synchronization module functions to achieve
both the inter-object synchronization and intra-object
synchronization. The synchronization module works
tightly with the transport module and encapsulates the
media data into timestamped packet streams. The packet
streams are then delivered across the IP network to the
client side. At the client side, the received packet streams
are routed to the corresponding decoders. Finaly, the
decoded media objects are re-composed into a final
presentation and that is then rendered to the end user. In
our system, the transport modules at both sides work
cooperatively to accommodate the fluctuating network
bandwidth. The client-side transport module detects the
network status and feeds it back to the server, and the
transport module at the server side proactively schedules
the delivery process, making the appropriate adaptations
if necessary.

The control plane in our system interacts and
cooperates with the data plane to support the three levels
of user interactivity. Three distinct functional modules:
presentation control, signaling and session control are
built a both the server and the client side. The
presentation description messages are conveyed between
the presentation modules. These messages describe the
composition of the presentation as tailored by the end
user. The signaling modules are responsible for the
delivery of the configuration information essential to
session establishment, which includes media data type,
encapsulation format, and transport channel identification
(IP port number) etc. The session control module at the
client side forwards to the server the control messages
that result from session level user interactivities, i.e.
VCR-like control. The server side session control module
interprets the messages and maintains the state of the
session.

5. Summary

In this paper we presented the design of a supporting
system that enables active engagement for e-tutelage
applications. This approach will result in a richer and
more gratifying experience for the end user. The system
gives control to the teacher on how best to compose a
lecture presentation using a wide variety of tools and
objects. The student/end user is given some freedom on
how to learn the material, adding, changing or removing
obj ects as necessary.
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