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A DYNAMIC MODEL FOR DELIVERING DISTANCE LEARNING MATERIAL VIA
INTERACTIVE TELEVISION
A. ANGELOPOULOU, S.THOMAS, P. GALLAHAN AND A. PSARROU
Department of Artificial Intelligence & Interactive Multimedia, Harrow School of Computer Science, University of
Westminster, UK, E-mail: agelopa@westminster.ac.uk
As Distance Education grows in popularity and importance, new formats such as Interactive Television offer the advantage
of real-time visual and audio interaction between instructors and students. In the early years, the development of
interactive television systems as a medium for distance learning provided the users only with the ability to react to a given
linear programme, rather than directly control the programme contents. Research however has shown the emphasis on
creating a compelling interactive programme for TV delivery to allow the users to control the content. Unfortunately, while
millions of dollars have been spent and a lot of research has been undertaken, the most people have access to, is something
akin to a searchable teletext system. According to this discovery, we have been conducting research on interactive
educational material production by applying interaction technology to traditional distance learning methods. As an initial
step in creating a new type of delivering distance learning material, we have produced a prototype system. This paper
describes the prototype system, and outlines its problem areas and required improvements. For our experiments, the NEAB
GCSE English Syllabus.1111 provided by the National Curriculum 2000 has been chosen as the content source for
delivering distance learning material via iTV.

1

Introduction

Over the past several years, radical changes have occurred in the underlying technology of computing and
communication systems. The increasing capacity of wide-area communications and the advances in data
compression technology has enabled a variety of new technologies [4]. These new emerging digital
technologies such as e-mail and the World Wide Web (WWW) have opened up new directions for
experimentation in the field of learning. One recent development is Digital Television. Of most interest is
that digital television can support Interactive Television (iTV), which is the convergence of television and
the Internet [3], where the end user is involved in the programme content. The development of
complementary digital technologies video-on-demand (VOD) and personal video recording (PVR)
facilitates the delivery of distance learning material permitting the user to choose when they view the
material, the level, for how long and allowing them to store the material on hard disk for subsequent
viewings. While existing distance learning programmes are offered on the Internet, learning and knowledge
provision is a highly underdeveloped area on iTV, and it could benefit considerably from including facilities
other than the predominately leisure and entertainment services such as the sport industry [2] currently
available.
Both corporate and academic agendas in UK and worldwide have recognized the potential advantages
of distance learning and therefore proceed in the investment towards the implementation of Information
Communications Technology (ICT), which has become a legal requirement within schools in UK. The use
of iTV as a technological learning aid could then assist both ICT use and general study. Thus, the
emergence of iTV and distance learning ‘iTV-dL’ will mean that aspects of learning will become available
to a wealth of people without PCs. The development of iTV as a medium for distance learning has already
been undertaken in some specific areas, but predominantly in a purely visual sense, by using only video. For
example, in schools, the use of webcams linked to computers at the users home, and then connected to a
television screen in the classroom have been already developed in the USA, but this is not iTV as such, it is
simply broadcasting over the Internet. New methods must be adopted for interaction technology to make it
possible for students to interact with learning materials and control the interactive television pages in the
same way that the television itself is controlled. According to this discovery, this paper argues that iTV can
facilitate distance learning and add values to this practice.
In the work presented below, we examine the results from our research using the NEAB GCSE English
Syllabus.1111 provided by the National Curriculum 2000 as a case study to measure the accessibility and
the effectiveness of our system. We discuss results on navigation, organization, design interface and level of
user interaction.

2

iTV and distance Learning: ‘iTV–dL’

The convergence of Digital Television and Interactivity leads to interactive digital Television [3]. iTV
combines the appeal and mass audience of traditional TV with the interactive features of multimedia
technologies such as the Web. It is a combination of push and pull technology [1], a technology for
delivering television programming on demand to households, and provides a wide range of new services
that combine video and data. In the near future, a variety of interactive services are going to be included
which will give far greater control to the user.
Distance Learning (DL) on the other hand, is a process whereby the student and the teacher do not have
to be present physically on the same location in order to complete a course of study. The advantage of this
being that less physical able students, those who live in inaccessible areas or those who are not as
financially able, can learn at their own pace and in their own time. DL is, however, for anyone who wants to
learn in their own pace, and systems such as the Open University have been incredibly successful at
providing ordinary people with degree courses to take at home. One of the most important issues in DL, no
matter what the medium, is that the student and the tutor are physically separate.
Television is a technology that everyone can feel at home with, if this can be used as to deliver learning
material, aspects of learning will become available to a wealth of people without PCs. This realization is the
key to the potential success of iTV. People are guaranteed to use iTV, because they will gain from it, and it
is much less complicated than using a PC. According to research conducted by the Athens University of
Economics and Business [8, 3], iTV can enhance learning due to the high penetration and acceptance of TV
already and considering the fact that iTV will not be more complex to use in comparison to TV. Home users
do not need a PC, or any expert knowledge, or a “Computer’s Don’t Bite” course to undertake first, all they
need is a TV, a set-top box (the set-top box decompresses the video and sends it to the TV, and manages the
interaction with the viewer via a remote control) [6] and a remote control. The need for distance learning on
iTV is still strong, despite the fact that e-learning on the web is already available. In April 2001, David
Blunkett the then Minister for Education in UK, announced a new £42 million project to produce digital
course materials in six GCSE subjects, giving teachers and pupils instant access to sound, video, interactive
and 3-D educational materials [5]. This offering by the government highlights the need to prolong the “elearning revolution” as much as possible, until as many solutions as can be have been investigated to aid
distance learning, and learning in general.
In UK, existing providers of digital television and interactive services are the Sky Digital which
provides the interactive service ‘Open’ which offers ‘Telewest Digital’, ntl which offers ‘ntl Interactive’ and
ITV Digital which provides a selection of interactive services. Mainly the services provided by the above
providers are leisure and entertainment based, and only BBC2 provides educational programmes on UK
terrestrial television. Those programmes related to distance learning material are the DynaMo, the GCSE
Bitesize, 16+Years (AS Guru), The Learning Zone and the Open University.
!"DynaMo: is a programme on the BBC for children aged between five and nine which is supported
by website material. All the activities contained within the programmes and the websites, have
been created in line with curriculum needs and are designed to complement children’s school work
in Math’s, English, Science and History.
!"GSCE Bitesize: The BBC has recently introduced GCSE Bitesize to customers subscribing to the
Telewest interactive service. The service offers help with learning, revision and exams, but little
content is attempt from the GCSE syllabus.
!"The Learning Zone: consists of a variety of educational programmes all of which are aimed at
adult learners. The Learning Zone programmes do not currently have iTV site support, but they do
have website information to back up the programmes.
!"16+ Years (AS Guru): also does not currently have an iTV support site, but has a section on the
BBC education website devoted it to as programme support. Subjects include English, Math’s,
Biology and Study Skills in general.
!"Open University (OU): The Open2.net website currently does not have an iTV support but, offers
links to relevant BBC websites about specific course programmes, as well as providing OU
programme listings for upcoming shows related to specific degree courses. The Open2.net website
is a good example of the sort of content which could be found on a prospective OU iTV site. For

example, in our system the ‘What’s on TV’ section, which provides GCSE English programme
information for the next two weeks and can be accessed and updated easily from the database, is
directly related to the medium on which it is placed. Users could simply press the Interactive
button on their remote controls, and find a complete list of upcoming programmes relevant to their
course.
Of all the main satellite and cable television providers in UK, ntl and Telewest are two of the few major
digital TV providers in the UK to offer any kind of learning facility on their interactive service. Focusing on
Telewest in particular, there is an entire learning channel accessible from the main interactive menu, which
comprises a series of learning sites, one of which is the Key Stage 3 Bitesize site produced by BBC. The
main problem with this service is the poor state of the existing interface with basic interactivity and
navigation, issues thoroughly researched and analysed in our system. Below we present the results from our
iTV system and examine the viability of learning and engagement in the environment of iTV.
3
3.1

The NEAB GCSE English Syllabus.111 Case Study
Equipment and HCI considerations

A prototype iTV system was developed using a Pentium III at 700 MHz built with, an MPEG
encoder/decoder for video compression and decompression. The DTV navigator Set-top Emulator (Emmy)
Version 1.1.54 was used for the design and the development of the user interface. The interactive pages
were designed by using DHTML and JavaScript while the Personal Web Server (PWS) and Microsoft
server-side scripting technology Active Server Pages (ASP) were used for the updating of the programme
listings. The emulator enables the site to be viewed, as it would be seen on television, but on the web. It
uses only the input and navigation tools available to the home television user, and makes no use of the
mouse and traditional methods of accessing information on websites. As Television is fundamentally
different from the computer as a medium for presenting information the iTV system has been designed
taking into consideration the Human Computer Interaction Issues (HCI) for designing for iTV. The interface
can be accessed in terms of usability and functionality, as well as how transparent and intuitive it is to
navigate. For this, the use of chunking of certain specific menu choices has proved effective in making the
site easier to navigate. In addition to this, knowledge of the primacy and recency effect [8] has enabled the
menu lists to be constructed with meaning and relevance.
3.2

Subjects

10 subjects, age range 20-59 with 8 female and 12 male taking part in the study.
3.3

Procedure

Each person participated with a person felt familiar with. The testing audience for the system was comprised
of five pairs with different levels of experience with both iTV and distance learning websites. This enabled
a fair assessment of the application by a variety of potential users, thus giving more realistic results than if
the application has been tested on a user group with the same or similar levels of knowledge and experience
in this area. The subjects were given minimal operating instructions and asked to explore the service so that
they could report on it after the testing by completing a questionnaire. Lastly, the subjects were interviewed.
Trials lasted for about 40 minutes, including 15 minutes interviews with each pair of subjects. A Dictaphone
was used to record the interviews and the majority of the questions were open-ended, to allow for as much
feedback as possible from the interviewees. The subjects were situated in a home environment at the time of
the test and were able to ask questions at any time. The noise levels were similar in the room, compared to
where the television was situated, as well as the lighting being quite similar in strength. The keyboard was
also positioned further from the screen than is usual for computer use. This enabled the students to have an
experience as similar as possible to their digital TV experience.

3.4

Results from the Case Study

The completion of the questionnaire lasted about 15 minutes for each pair of subjects and the testing
questions have focused on three dimensions that we found concrete and meaningfully to compare and on a
fourth dimension, which was used to measure the possibility of correlation between the three dimensions
which leads to high user interaction. The test findings have illustrated that the majority of pages are
intuitive, and can be navigated relatively easily. The responses from the survey are shown in table 1:
Table 1. Questionnaire responses from the study with respect to navigation, content organization and design interface.

Subjects = 10
subjects, 2
subjects per pair
Navigation = N
Content
organization = CO
Interface = I
Variance

3.5

5 Pairs

Pair1

Pair2

Pair3

Pair4

Pair5

4
4

4
3

5
4

4
3

4
2

5
4
5
5
4
Very functional Vf=5, Quite functional Qf=4, Functional Ff=3, Poor function
Pf=2 Not functional Nf=1

The NCI Model

Our approach is to investigate the ability of a three-dimensional model to expand the traditional
considerations for technology-based learning and to examine how the correlation of the 3-D dimensions of
the model can affect the user interaction. In our approach the variance describes the spread of the
functionality of the iTV system and is given by the equation:

σ Ι2 = Var ( I ) = E[( I − µ )( I − µ )]
where σ describes the spread of functionality within the given data set, and μ is the mean of the data set. In
order to check if there is any correlation between the 3-D data set we calculate the covariance matrix, which
is given by the equation:

σ NCI = ∑
n

∑∑
c

( n − µ n )(c − µ c )(i − µi )]

i

From our experiments we found that the N,C,I are dependent according to the equation:

Cov ( N , C , I ) = σ NCI = σ N σ Cσ I
and the level of dependency is measured by calculating the correlation coefficient ρ, where –1<=ρ<=1,
given by the equation:

ρ=

σ NCI
σ N σ Cσ I

The covariance matrix in our case is defined as:

 σ N2

Κ = "
σ
 IN

! σ NI   0.1600 ! 0.0800 
 

# " =
"
#
"
$





σ I2   0.0800 $ 0.2400 

Figure 1 depicts the 3-D dimensional model and its relevant components.

Figure 1. The NCI Model

Figure 1 shows that there is high correlation between the three dimensions with percentages σ NC = 53.45% ,

σ NI = 40.82% and σ CI = 76.38% respectively. According to the results, we have high user interaction with
the iTV- dL system when all dimensions have a degree of correlation with the highest one between the
Content organization and the Interface.
4

Future Work

In this paper, we explained the concept of interactive distance learning material, the lack of content
interaction with the existing technologies, and the structure of our iTV-dL system based on the The NEAB
GCSE English Syllabus.111 Case Study. We have then used the NCI Model to identify correlations between
Navigation, Content organization and Interface, and analyse how their correlation can affect the user
interaction. However, the results have been derived from a small data set. For better classification of the
data set and possibility of finding similar characteristics that form clusters between our data set, a higher
dimensional feature space should be considered with greater range of data.
References
1. A. Angelopoulou, A. Psarrou, D. Parapadakis: An Extensible Movie System Interface for InformationRich Television, proceedings of the international conference on internet computing IC’2001, vol. 1, pp.
299-305, 2001.
2. C. Lougos, K. Vassilopoulou, A. Vrechopoulos: Interactive Digital TV Services – Viewers’
Perceptions, eBusiness and eWork Conference, Prague, Czech Republic, 2002.
3. M. Lytras, C. Lougos, P. Chozos, A. Pouloudi: Interactive Television and e-Learning Convergence:
Examining the Potential of t-Learning, ECEL 2002, The European Conference on eLEARNING,
Brunel University.
4. A. Angelopoulou, S.Thomas, V. Konstantinou, A. Psarrou: Delivering Distance Learning Material via
Interactive Television in UK: A Dynamic content-based Interface, proceedings of the international 21st
ICDE World Conference on Open Learning & Distance Education, Hong Kong, 2003.
5. Office of the e-Envoy, Monthly Report: Report to Prime Minister from the e-Minister and e-Envoy, 7
May 2001, UK.
6. R. L Haskin, F. L. Stein: A System for the Delivery of Interactive Television Programming,
Proceedings of IEEE 1995 Spring COMPCON, San Francisco, CA, pp. 209-216, Mar. 1995.
7. C. Faulkner: The Essence of Human-Computer Interaction, Prentice Hall, pp.41, ISBN: 0137519753,
1998.
8. C. Lougos: Motives for using Digital Television: the implications for the future of interactive
television, Master Thesis, 2002.

