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Preface

The fifth edition of the European Conference on Interactive Television (Eu-
roITV) was organized by CWI (Centrum Voor Wiskunde en Informatica), Ams-
terdam. Previously, EuroITV was organized by Athens University of Economics
and Business (2006), Aalborg University (2005), and Brighton University (2004
and 2003). EuroITV07 was held in cooperation with the Association for Com-
puting Machinery (ACM) and co-sponsored by the International Federation for
Information Processing (IFIP).

The aim of the conference is to bring together researchers from different re-
gions and diverse disciplines. This volume includes contributions from Europe,
America, Asia, and Oceania, with researchers representing disciplines such as
media studies, audiovisual design, multimedia, human – computer interaction,
and management. This way, the conference tries to develop a common frame-
work for this multi-disciplinary (usability, multimedia, narrative) and new field,
interactive television. Because of the multi-disciplinary nature of the field, the
conference was held in cooperation with the ACM Special Interest Group on Mul-
timedia (ACM SIGMM), ACM Special Interest Group on Computer – Human
Interaction (ACM SIGCHI), and ACM Special Interest Group on Hypertext,
Hypermedia and Web (ACM SIGWEB).

Interactive television is a new field born from the digitalization of the trans-
mission medium. This field is still in its infancy and, we hope, the EuroITV con-
ference series will promote the field and helps to identify the scientific challenges,
while presenting the current innovations from both industry and academia. This
volume is divided into five sections: Social TV Systems, User Studies, The Fu-
ture of TV, Social TV Evaluation, Personalization, and Mobile TV. The reader
will find relevant and current research that deals with:

– Applications and systems: infrastructure and applications that provide an
enhanced experience to television viewers.

– Usability evaluation: user-centered research regarding innovative applica-
tions.

– Social interactive television: since watching television is a shared experience,
research is needed in order to accommodate new technologies for sharing
interactive media at home

– Content personalization: the amount of digital content available for users is
constantly increasing, hence research on content personalization is manda-
tory.

– Mobility: Hand-held devices already provide audio-visual support. What is
the expected user interaction for such devices?

In addition to academia, industry played an important role in this conference.
For this reason, this volume combines papers from academia and industry. Just
to mention a few, Motorola, Microsoft, Philips, Nokia, Alcatel-Lucent, and BT



VI Preface

presented their work during the conference. This way, innovative ideas from
industry were combined with theoretical studies from academia, providing the
reader a complete overview of the current state of the art in the field.

Special thanks are due to Aalborg University (on behalf of EuroITV or-
ganization) for investing so much time and effort in providing a reliable and
easy-to-use submission system. This year, without such a system, it would have
been impossible to handle the 80 submissions for the conference.

Out of the 80 submissions, 24 articles (30% acceptance rate) were selected
for this volume. Each of the papers was reviewed by at least three members
of the Program Committee. In addition to this volume, the interested reader
can consult the adjunct proceedings of the conference, in which work in progess
papers, workshops, demos, tutorials, and doctoral consortium papers can be
found.

Organizing a conference requires help from many people. In Amsterdam,
much of the work was done by CWI’s various support departments. Special
thanks go to Dick Broekhuis (Treasurer), Wilmy van Ojik and Susanne van
Dam (Local Arrangements Chairs), Tobias Baanders (Designer), Jan Kok (Web
Support), Aad van de Klauw, and Henk Roose

Finally, thanks are due to all members of the Program Committee and ex-
ternal reviewers for their efforts in reviewing the contributions. The remain-
ing pieces of the conference program were made possible by the efforts of Lyn
Pemberton (Work in Progress Session Chair), Mark Howell and Ben Gammon
(Demonstrations Chairs), Brunhild Bushoff and Chengyuan Peng (Tutorials
Chairs), Liliana Ardissono and Artur Lugmayr (Workshops Chairs), and Judith
Masthoff (Doctoral Consortium Chair).

We would like to express our gratitude to all the institutions that sponsored
this conference. Special thanks go for UITV.INFO for acting as the communi-
cations sponsor and EuroITV organization for their effort in providing the sub-
mission system. Special thanks are due to the European Research Consortium
for Informatics and Mathematics (ERCIM), the Royal Netherlands Academy of
Arts and Sciences (KNAW), the Centre for Mathematics and Computer Science
(CWI), and the New AMbient MUltimedia research group (Tampere) for their
financial support.

March 2007 Pablo Cesar
Konstantinos Chorianopoulos

Jens F. Jensen
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Awareness and Conversational Context Sharing
to Enrich TV Based Communication

Bart Hemmeryckx-Deleersnijder1 and Jeremy M. Thorne2

1 ReNA, Alcatel-Lucent, Antwerpen, Belgium
bart.hemmeryckx-deleersnijder@alcatel-lucent.be

2 BT Group CTO, Adastral Park, Ipswich, UK
jeremy.thorne@bt.com

Abstract. This paper discusses domestic video calling over the TV and
how such an experience might be enhanced through Awareness and Con-
text Sharing. Video based Awareness will provide a sense of visually be-
ing together outside the call, such that users feel more connected and the
perceived barrier to entry into the call is lowered. Rich Context Sharing
within the call allows conversations to flow more freely as callers throw
items from each others’ lives onto the ‘table’ for discussion. We also dis-
cuss some mechanisms for transition between awareness and a context
enriched call and structure the paper around a family scenario.

1 Introduction

The failure of video conferencing to become a mainstream application since
its introduction 50 years ago, has been much documented [1][2]. However the
ubiquity of cheap broadband, the maturity of video codecs and the availability
of webcams has heralded a resurgence of use over the internet. Where financial
cost is no longer an issue, video based conversation is an attractive proposition
for some consumers. Broadband enabled set-top boxes and games consoles also
permit the transition of video communication off the PC and onto the TV. In
many instances, however the current manifestation of video chat applications
are engineering solutions whose key aim is the transmission of moving images
across a network, with little account of the human issues [3][4][5].

Of particular interest to this paper are the digital on/off nature of current
call based metaphors and the narrow fixed view point that a video call provides.
Firstly, when people share a physical space such as a home or open plan office,
they have a continual sense of visual awareness of each other. This provides the
impression of shared activity that helps foster connectedness [6]. In contrast,
communication is completely shut off when a video call comes to an end.

The second issue concerns activity within the explicit foreground parts of the
conversation. A video call typically provides one fixed, narrow viewpoint onto the
other. The eye is unable to wander and any clutter that is visible just detracts [7]
from the conversation, this is in marked contrast to face to face conversations,
where items in the environment can stimulate and shape the conversation.

P. Cesar et al. (Eds.): EuroITV 2007, LNCS 4471, pp. 1–10, 2007.
c© Springer-Verlag Berlin Heidelberg 2007
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We will discuss solutions to these two areas later. A challenge remains as to
how to bridge these two endpoints. How might users transition seamlessly from
a state of background visual awareness to active context sharing and foreground
communication on the TV?

Rather than attempt to solve this issue for all potential users and situations,
we concentrate on a single domestic scenario.

2 Scenario

Our scenario concerns a family situation where one member works away from
home during the week; in this case the father, Gary who works in Brussels
(NATO employee), Belgium during the week and then returns to his family in
Ipswich, UK at weekends. He has a wife Sue and three children Bart 5, Jez 9
and Rebecca 11. In the home in Ipswich all four share close awareness of each
other, but Gary only joins them briefly and quite tired for a short couple of days
each week 1.

How can Gary keep in touch with his family? How can he maintain his rela-
tionship with his wife and participate properly as a parent. Bart, the youngest
is starting school soon and life is changing rapidly for him, how can Gary keep
up with all these changes and provide the support that Bart needs?

Normally Gary tries to phone home one or two evenings a week, but catching
up with everyone is hard; Bart is often on his way to bed and finds it difficult
both to relate to this voice on the phone and remember coherently what he’s
done that day. Sue laments the difficulties of keeping the rabble under control,
the lack of a father figure and the need for a hug at the end of a long day.

3 Related Work and Background

3.1 Awareness

Traditionally it has been thought that the goal of electronic communication is
to provide very rich media - sight, stereo, sound, touch. However, as Nardi [6]
notes, the single bit of information on an instant messenger client, that a friend
is online, is sufficient to provoke feelings of warmth and closeness.

From her study of the ability of existing electronic media to support relation-
ships, Nardi goes further to posit three underlying dimensions to connectedness -
affinity, commitment and attention. The first dimension, Affinity, is not so much
concerned with explicit information exchange as the implicit background trickle
of non verbal behaviour that occurs when people spend time together or engage
in shared activities. It is here that the instant messenger example above falls,
the status icon providing information that the friend is online at the same time.
We can term this background exchange as Awareness.

1 As a reference, of the 300 thousand employees in Brussels, 1400 work abroad. Re-
garding our scenario, 91 of those work in the UK [8].
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It is worth noting briefly that awareness can also affect the other dimensions
- users might perform deliberate actions (expressing commitment) so that the
other gains good awareness of them, it may also indicate that now is a good time
to contact the other (capturing attention).

There has been a relatively long history of the provision of awareness in re-
search institutions. Xerox PARC’s original ‘Media Space’ (1986) allowed the flex-
ible connection of always on audio-video connections between offices and common
spaces [9]. It was not unusual to find that users had connected the monitor in
their office to one of the common spaces. As people walked across this space or
doors banged, the office dweller became aware of the shared activity. Portholes
(1997) [10] formalised this usage by creating an awareness only medium. A vir-
tual common space was created as a grid of images. Each image represented a
user and was taken at regular intervals from a webcam in the user’s office.

More recently there has been a focus on awareness systems in the home. De-
signing for the home is different to the workplace, and awareness systems have
been developed to specifically address the differences. For example privacy in the
home is highly valued and to respect this need some home awareness systems
have sought to use only abstract measures of presence [13][11][12]. Howard [14]
provides a good overview of a range of recent systems, and draws a distinction
between systems that enable contact and those that allow the exchange of con-
tent. Howard notes that some designers feel exchanging content can actually be
limiting to our ability to affectively communicate. Dey [13] suggests that ab-
stract measures of contact such as instant messenger status can be sufficient to
support connectedness.

3.2 Conversational Context Sharing

Consider visiting the home of a friend. As they disappear into the kitchen to fetch
you a coffee, your eye wanders round their living room. You take in the books
they have left artfully scattered on the table, the new items in their CD rack
and the pictures on the walls. The trust and vulnerability they have displayed
by leaving you alone amongst their private possessions allows you to build a
greater understanding of them, provides topics of conversation, and strengthens
the relationship. As CD and photo collections become digital, it becomes possible
to restore this activity of sharing context, in a virtual sense, within a video call.

Bente Evjemo et al. reported in their paper, ‘Supporting the distributed
family: The need for a conversational context.’ [15]: that in grandparent to
grandchildren conversations the face-to-face conversation was tied to the concur-
rent activity and that phones do not have this type of communication support.
Through focus group research they offered their target group a solution where
the context of the children and grandparents was shared through introduced
screens. Their conclusion was that context sharing in addition to the phone call
conversation was perceived appealing, where if context was highlights of activi-
ties (like videos and picture snapshots), the appeal was at its highest.

On context and or content sharing in a remote collaboration environments,
there has been a significant body of research. Most, however, within the field of
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Computer Supported Collaborative Work (CSCW). Within this field videocon-
ferencing is increasingly used as the communication layer. But more important
for our scenario is the use of the virtual table (and desktop) metaphor in both
two and three dimensional collaborative work spaces (collaborative virtual envi-
ronments) e.g.: cAR/PE!, a 3D teleconferencing application [16] and others.

3.3 Negotiation

In face to face situations a negotiation occurs in which it is possible for a party to
decline or postpone the conversation without seeming rude, and without shifting
all their attention away from their current task. Is it possible to replicate this
functionality for video communications? If a caller believes making a call will
cause the recipient discomfort, they may be reluctant to call at all.

Negotiation and acceptance of video calls is currently done very badly. A
recent domestic TV based video calling trial required three remote controls to
answer a call (one to pause the satellite TV, one to switch channels, and one
to accept the call). In contrast, Instant Message conversations often begin with
a short query (e.g. ‘Hello?’) allowing the recipient to see who is interested in
communicating without committing them to reply.

Of note in early video communications systems that deliberately tried to in-
troduce a negotiation is Montage [17]. This was developed at SunSoft where a
researcher wishing to talk to someone would peer in the door to their office.
Montage attempted to replicate this system of glances at the office door on the
computer screen. Clicking the desktop icon of someone you wanted to talk to
caused a two way video window to fade in on both screens. No audio channel
was established at this point to protect privacy at the remote end. Both parties
could glance at each other and if the recipient was happy to talk she clicked on a
button and a persistent 2-way audio video call was started. If no click was made,
the windows would fade out again after a few seconds.

With the development of sensors that can detect eye contact, Queens Univer-
sity Canada [18] developed a system of negotiation that more closely mimics the
use of eye gaze in face to face situations. Because direct eye-contact cannot be
established, eye contact is made with a physical proxy that looks like a pair of
eyeballs. At the recipient’s end, a second proxy attempts to engage the recipient
in eye contact, which they can acknowledge or refuse with a quick glance. On
acceptance an audio channel is established.

4 Solution for Our Scenario

Returning to our scenario, awareness then might provide a continual sense of
being together and sharing context might help frame the conversations Gary
has with his family, but what specific forms might these take and how will he
transition between them?

After work, Gary has a few beers with his work colleagues (many of whom
face a lengthy commute) at a local bar, and then returns to his small rented flat
in central Brussels. As he flicks on the lights and throws his keys down on the
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table he glances at the photo frame on the shelf and smiles. Displayed on the
frame, are captured moments from the day of his family back in Ipswich. The
most recent shot is empty, but in the image from 1-2 hours ago he sees his wife
Sue, struggling in with shopping and kids from school. He feels reassured that
life is going on as normal, and remembers the near disasters on the few days
that he has been responsible for the school run. Gary turns to the kitchen and
begins to make himself some dinner.

Quarter of an hour later Sue glances at her photo frame, she sees Gary has
returned and keeps looking. After a few seconds of prolonged gazing, the photo
frame recognises the explicit action and displays an icon to indicate this. Mean-
while Gary’s frame begins to flash and an alert sounds. Gary however is having
a crisis with his cooking and the pasta is boiling over. He glances hurriedly at
his frame, and then returns to the stove. His frame spots this glance, silences
the alert, and displays an icon on Sue’s frame to indicate the call was declined.
Sue is not worried, she knows Gary will call back when he’s free.

Young Bart though is less easily placated and doesn’t fully comprehend the
subtleties of polite communication. He takes his teddy and places it deliberately
down on the coffee table in front of the TV. In Brussels Gary’s cooking is now
finished. While watching TV Gary is notified of an incoming call. Gary and Bart
engage in an animated discussion. Bart’s teddy is no ordinary bear. It is used to
capture images and as a trigger for a conversation.

As Bart carries his teddy around during the day he used it to capture the
things he is doing through images, knowing that if teddy saw them then his
dad will too. With this in mind young Bart took snapshots of his giant castle,
he constructed that day. And later that day he and mum captured some of his
drawings. During the call Gary picks out some of these images and throws them
one at a time onto the ‘table’. With each one he asks Bart to describe what is
happening and Bart happily recalls the story of his day.

Later in the evening, after Bart has been put to bed, Sue gazes at the frame
again. This time Gary returns her gaze and a video call is setup over the TV
automatically. Sue immediately tells about her latest encounter with an old
schoolfriend and the good times they had together. Sue remembers an old school
picture, quickly she throws it on the ‘table’ and they both have a laugh at the
nostalgic dressing code of the eighties. As usual the parents end up talking about
the kids, a hard job for both. Bart misses Johnny, his pet yellow bird that died
two weeks ago. Gary recalls his talk with Bart, and the reoccurring birds in his
drawings. As he rethrows on the table they both talk on how they can make the
loss a bit easier for the whole family.

5 Discussion

5.1 Awareness Aspects

In contrast to previous awareness systems, in the intimate situation of a family,
it could be argued that participants will be sufficiently trusting of each other
to allow the use of captured images to present awareness. This might have the
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following advantages: first, users would not need to learn a new skill to inter-
pret the awareness information as we are all familiar with natural imagery and
looking at photos. Second, because the users are already visually aware of each
other, it should be easier to transition into a full rate video call over the TV. A
common situation in existing video calling systems is that an audio call is made
first to establish whether visual communications would be appropriate. If the
participants already have sight of each other this might not be necessary.

The obvious method to display this visual awareness for Gary and Sue in the
home is as a photo frame. Photo frames are typically hung or stood on a surface
so that they are visible from some distance at all times (See Figure 1).

Fig. 1. Visual Awareness prototype photo frame and (Inset) Visual Awareness display
with history of images and self view

A single camera in the home cannot give a good indication that the occupant
is or isn’t in the house. This is because homes have several rooms and occupants
move between them frequently. So in walking past a frame and glancing at it,
the chances are that the current image will be empty. This creates a need for
either several cameras around the house or some sense of history.

To avoid introducing too many devices our solution is to provide history. The
display shows three images arranged in a comic like layout (See Figure 1). The
main image is the current ‘best’ image 2 from the camera updated every 10
seconds. The two smaller images show the ‘best’ image of the scene in the last
10-20 minutes and in the last 1-2 hours ago. The simple fixed layout should allow
quick learning of what each image represents. The chances are, that even if the
current image is empty, there will have been someone passing the remote camera
at some point in the in the earlier periods.

Bart’s teddy forms our second awareness device. Bart will also be captured
on the awareness frame, but as Bart is small, taking the teddy around with him
allows his father to join in his unique viewpoint. The teddy is very tangible giving
Bart some of the emotional connection of physical touch. Photos are only taken
by the teddy when explicitly requested; this allows Sue to help Bart deliberately
capture useful items such as the drawings that can form a structure in their later
conversation.
2 As chosen by the system - images with something large and moving score highly.
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5.2 Conversational Context Sharing Aspects

As introduced, in our every day conversations our line of sight is never limited
to the face of our counterpart. If we are in another living room for example our
view does not rest, it can also wonder around. Video communication as deployed
on the telephone and TV does not comply with this freeflow of conversation.

The introduction of cheap webcams enabled a lot of communication applica-
tions on the PC to use this feed to communicate. Inspired by this new trend,
video feeds are increasingly being introduced on interactive television (iTV) plat-
forms. [19] [20]

Another, well studied aspect is ‘multitaksing’, which is a trend where young
people are able to do multiple things at the same time (surfing, IM, TV watching,
newspaper reading), but without going too deep or being able to concentrate for
too long 3.

Both trends and the thought that during a conversation our line of sight is
seldom that of our counterparty brought us to a ‘context enriched communica-
tion’ application. An application where video communication is enriched with
the possibility to share each-others context via explicit and implicit actions (user
initiated and generated actions).

The application as such is an iTV application with a viewing/conversational
client on TV/STB combination and an authoring part on PC. TV/STB implies
that the conversational part of the application is completely controlled via a
classical iTV remote control. In our case a user can handle the application by
using the ‘arrow’ and ‘ok’ keys (menu browsing and confirmation button).

How then is context shared? In our scenario two types of context evidence
are collected. In the first twist of the story, you have Bart who is collecting
both pictures of the drawings he made for his dad and his giant castle he build
that day. As these pictures are automatically uploaded to the context vault, our
application can introduce this as context into the application. The same is true
for the pictures taken by the photoframe of both Gary and Sue.

Now if Bart contacts his dad with the application Gary can browse through
(via the photo menu, see Figure 2) Bart’s drawings and throw them on the table.
Bart on his side sees the same drawing. This mental image of throwing a drawing
on the table is literally translated into the iTV application. As a consequence
when Gary decides to (presses the OK button) select a certain drawing it is
graphically thrown onto the table (a table represented in the application). Both
Gary and Bart can now talk about their common context. This ‘throwing on the
table’ is done via an explicit context action. The context enriched conversation
tool not only shows a table which displays actual conversational context, it also
has some additional contextual window. That offers both users, Bart and Gary
in our case with some more context on the current context topic (one of Bart’s
drawings). This context is activated through an implicit context action, which
3 Today’s youth are efficient multi-taskers - cramming 8 hours of media exposure

into only 6 hours. The amount of time kids spend media multi-tasking rose from
16 percent in 1999 to 26 percent today, with one in four young people saying they
‘often’ or ‘sometimes’ multi-task [21].
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can come from the shared context meta-data (meta-data on Bart’s drawing:
when it was created, an annotation by mum Sue, an actual or recorded webcam
feed of the kids playroom where the drawing was made, etc.).

Fig. 2. Rich Context Sharing

5.3 Transition and Negotiation Aspects

In the solution to our scenario two probes, Bart’s teddy and the photoframe,
are introduced that have a double role. Bart’s teddy at first a collection tool
for his daily activities. Secondly that same teddy senses Bart’s activity with it,
which is translated and communicated towards Gary (at Gary’s those are again
translated in a awareness device).

In daily life we are aware of each-other and multiple verbal and non verbal
actions can engage our awareness towards an actual conversation. The former two
discussed topics, awareness and conversational context enriched communication,
have their assets in our scenario. But what of the transition from one to the
other? In the case of Bart’s awareness teddy, the captured evidence can be stored
into a context vault. So when Bart engages with Gary in conversation, Gary can
access Bart’s evidence (e.g. Bart’s drawings). Here a context transition is made.

In addition the Teddy is Bart’s connection with his dad. This is a result of
Bart, Gary and Sue tagging the bear with an extra layer of intelligence. In the
world of Tangible Interfaces real life objects often represent people. In our case
we see the use of RFID enabled sticker which can be attached a physical object,
giving it extra meaning (functionality). In our scenario Bart and his parents could
easily have decided to attach the sticker onto Barts favourite toy car. When Bart
feels like talking to his dad he places the labeled object (his teddy or the toy car)
on to the smart area where the presence of the teddy is translated in a call setup
to his dad. Here the bear functions as a token representing the call setup to his
dad. Similar scenarios are described within the Smarttouch project [22], where
VTT describes a RFID enriched business card, when read by a NFC (Near Field
Commmunication) enabled mobile a call setup is made to the cards owner.

Similar aspects are true for the second probe, the awareness photoframe. Here
the frame shoots continuous or at regular intervals pictures. Those are analysed
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for aware specific activities, again these pictures can be imported into the context
vault. And they are again used as context in the conversation Sue and Gary
have. This way the probe is used as an awareness device, a context collector and
conversation engager (via the eye contact sensor).

6 Future Work

To build (cyclicly develop towards) our solution, we plan to test aspects of it
through home trials, focus groups and simple experiments.

Planning for a small home trial of visual awareness is in progress. Pairs of
households from geographically separated families will be given a picture frame
like device with a camera. The frame will display images captured by the device
in the paired household. They will be interviewed at monthly intervals to deter-
mine their attitudes to the affective benefits and costs [23] of visual awareness
and how these change with time.

To further test the father son communication, we will perform a friendly
environment test by selecting various families, with father and son present. The
test will be set up as follows: First the son (5 year old) will be asked to draw
some stuff that he wants to tell his father of what he did the day(s) before. After
this stage, mother and son will be invited to photograph these drawings. These
pictures will be introduced into the system. Later, the communication session
between father and son will be set up, where both the interface and concept will
be tested.

7 Conclusions/Summary

We have presented some extensions that turn video calling on the TV into a rich,
extended and free flowing image based conversation. By introducing awareness,
conversations can become both foreground and background activities, helping
families feel more connected. Through the introduction of context sharing, callers
have the ability to give their conversations focus, structure and a reason to be
visual. By suggesting mechanisms for transition between awareness and active
conversation, we hope to make the negotiation of intimate conversation more
natural and also allow awareness to influence the context available for sharing.
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Abstract. This paper presents an architecture for non-intrusive user in-
terfaces in the interactive digital TV domain. The architecture is based
on two concepts. First, the deployment of non-monolithic rendering for
content consumption, which allows micro-level personalization of content
delivery by utilizing different rendering components (e.g., sending video
to the TV screen and extra information to a handheld device). Second,
the definition of actions descriptions for user interaction, so that high-
level user interaction intentions can be partitioned across a personalized
collection of control components (e.g., handheld device). This paper in-
troduces an over-all architecture to support micro-personalization and
describes an implementation scenario developed to validate the architec-
ture.

1 Introduction

Watching television is usually a shared experience: a family (or group of friends)
watch a shared output device (the screen) and interact with that device using a
single shared control object (the remote control). A social protocol exists that
determines the content displayed on the output device. This protocol is required
because there is no differentiation between common content for the group and
optional information that may be of interest to only a sub-set of the group. In
this paper, we propose a model in which personal devices and sensory enhanced
everyday objects can be used to render and interact with television content. We
refer to this model as a non-intrusive user interface because the selection and in-
teraction with personal content streams do not disturb the television experience
of other viewers.

Our research considers the last stage of the media distribution chain, when
the user is actually consuming and interacting with TV content. In order to
limit the scope of this paper, we constrain our interest to the interactions with
an active content stream that is stored on a local home media server such as a
Personal Digital Recorder (PDR).
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2 Related Work

The main motivation of our research is to provide a user, or group of users, with
advanced control over the content they are viewing. We share the view presented
by Baker [1] that current intrusive interfaces are not the solution. We feel that
a value-added experience must rely on non-intrusive user interfaces for content
selection, navigation, rendering, and interaction.

Much of the research on content selection within a digital television environ-
ment has focused on the macro-level concerns of selecting an entire program
among a wide range of content available to a user. This is often done by some
form of recommender system [2]. While we agree that recommender systems will
play an important role in the future, they provide little or no assistance in nav-
igating through content once it arrives in the home. To add personal value to
the viewing experience, we feel that micro-level content personalization is also
required.

Macro-level content selection is supported by the TV-Anytime Forum1. In-
teresting research in this area includes the UP-TV project. The UP-TV project
[3] presents a program guide that can be controlled and managed (e.g., delete
programs) from personal handheld devices. Our work also studies navigation us-
ing personal devices, but focuses on a finer level of granularity: how fragments
within a program can be managed and personalized, and then controlled using
a variety of light-weight end-user devices.

In order for micro-level personalization to be effective, a structured content
model is useful. Several approaches to content structuring have been proposed
world-wide: Digital Video Broadcasting - HyperText Markup Language (DVB-
HTML)2 (Europe); Advanced Common Application Platform - X (ACAP-X)3

USA; and Broadcast Markup Language (BML)4 (Japan). These solutions are
based on a number of World Wide Web Consortium (W3C) technologies, such
as eXtensible Markup Language (XML), Cascading Style Sheets (CSS) and the
Document Object Model (DOM).

Unfortunately, they also rely on a non-declarative framework for modeling
the temporal relationship between media elements in the document, such as EC-
MAScript or Java. Because declarative data is easily converted to other formats,
is more likely to be device-independent and tends to live longer than programs
[4]; we use a complete declarative solution, SMIL.

Regarding content rendering and interaction, Jensen [5] defines three ba-
sic types of interactive television: enhanced (e.g., teletext) personalized (e.g.,
pause/play content stream using a PDR), and complete interactive (i.e., return
channel). In this paper, we extend Jensen’s categorization with a new televi-
sion paradigm: viewer-side content enrichment. In this paradigm, the viewer is
transformed into an active agent, exercising more direct control over content

1 http://www.tv-anytime.org
2 http://www.mhp.org/
3 http://www.atsc.org/
4 http://www.arib.or.jp/english/index.html
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consumption, creation and sharing. A key element of our paradigm is that the
television viewer remains essentially a content consumer who participates in an
ambient process of incremental content editing. Similar results, but intended to
broadcasters, has been presented by Costa [6].

Finally, Chorianopoulos argues that traditional metaphors cannot be applied
to digital television [7]. He proposes a metaphor called the Virtual Channel:
dynamic synthesis of discrete video, graphics, and data control at the consumer’s
digital set-top box. In this paper we extend that notion by providing a system
that can retrieve enriched content from external web services.

3 Contribution

The main contribution of this paper is a model and an architecture that sup-
port an enhanced experience of the user in comparition to traditional interactive
television services such as the red button or SMS voting solutions. We can di-
vide this contribution into three different categories: content modeling, content
consumption, and user interaction.

First, we propose modeling the content using rich-description standards such
as SMIL in combination with TV-Anytime metadata descriptions [8]. The major
benefit of this approach is that the content can be enriched by different parties
at different times. For example, content creators can include enriched material
at the creation stage, while individuals might further enhance the content at
viewing time. Moreover, at viewing time, content enrichment can be obtained
from different freely available resources such as Wikipedia.

Second, we study the differences between the private and the shared space.
For example, the television in the living room is a shared space between family
members, while a handheld device is a private space. This paper proposes as
an innovation the development of a non-monolithic multimedia player that is
capable of rendering parts of content into different output devices depending on
the share/private nature of the content.

Finally, we propose a model for user interaction that focuses on more abstract
concepts of actions instead on particular interfaces [9,10]. We define three types
of components: actions, handlers, and activators. The action is the description
of the user intention (e.g., pause content or add media), the handler is the
implementation of the action, and the activator is the user interface for the action
(e.g., play button, speech recognition engine, or gesture). The activators can be
implemented in a variety of ways (e.g., gestures, voice, or sensory enhanced
everyday objects). The major benefit of this solution is that the user is not
limited to the remote control interaction, but can use his personal device or
even enhanced everyday objects to interact with the content.

4 Architecture

This section introduces our architecture for providing non-intrusive user inter-
faces in the home environment. Figure 1 shows the architecture of our system,
that includes the following components:
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– an intelligent and flexible middleware component, called AMICO
– a non-monolithic SMIL rendering component, the Ambulant Player
– the actions handler called Ambulant Annotator.

Fig. 1. System Software of the Proposed Architecture

4.1 Content Modeling

The television experience, we propose, uses an enriched description of the multi-
media content that includes SMIL files linked to TV-Anytime metadata descrip-
tion and to Multi Lingual Information Framework (MLIF) [11] textual content.
Our architecture is also open to external services such as BabelFish, Flickr,
YouTube, and Wikipedia that might provide additional content. SMIL code is
small, it is easily verifiable, it allows content associations to be defined, it pro-
vides a separation between logical and physical content, and it provides as base
for license-free implementation on a wide range of platforms. MLIF provides
a unified conceptual representation of multilingual content and its related seg-
mentation (i.e. linguistic granularity). The advantage of MLIF is in its ability
to deal with different hierarchies of textual segments: linguistic granularity (i.e.
sentences, words, syllables), document structure (i.e. title, paragraph, section),
or any other personalized textual segmentation which may allow, for example,
to associate time and format to any specific segment.

4.2 The Brokering Infrastructure: AMICO

Supporting novel interaction modalities with TV requires usage of many het-
erogeneous software modules, such as sensors, reasoning tools, and web services.
The desired functionality is often available in a form of open-source and free
software, such as libraries for vision-based interaction modalities, lexical tools,



An Architecture for Non-intrusive User Interfaces 15

and speech input and output for many languages. The main problem when us-
ing these components is that they are developed for other purposes, in diverse
implementation environments, following standards and conventions often incom-
patible with multimedia and TV standards.

We have developed Adaptable Multi-Interface Communicator (AMICO)5, an
infrastructure that facilitates efficient reuse and integration of heterogeneous
software components and services. The main contribution of AMICO is in en-
abling the syntactic and semantic interoperability between a variety of integra-
tion mechanisms used by heterogeneous components.

Our brokering infrastructure is based on the publish-subscribe design pattern.
It is well suited for integration of loosely-coupled parties, often used in context-
aware and collaborative computing. AMICO provides a unified view on different
communication interfaces, based on a common space to interconnect them. It
supports several widely used standard communication protocols. AMICO is ex-
tensible, and it is possible to add new communication interfaces.

4.3 Non-monolithic Rendering of Content and Actions Handlers:
Ambulant

In previous work, we have described the first prototype implementations of the
Ambulant Player [12] and Annotator [13]. The player is a multimedia rendering
environment that supports SMIL 2.1, while the annotator is an extension of
the player that is a bidirectional DOM-like interface to the player implemented
in Python. Together, player and annotator, provides viewer-side enrichment of
multimedia content functionality at viewing time.

In addition to those capabilities, this paper introduces two extensions to Am-
bulant:

– end-user actions handler: the Ambulant Annotator handles the user actions.
These actions can come from personal activators (e.g., Nokia770) or from
AMICO middleware. Some simple actions the annotator understands are
play/pause; more complex actions include, for example, provide me extra
information in French about the movie I am watching now.

– non-monolithic rendering: the Ambulant Player is responsible of targeting
different parts of the presentation and content to different rendering devices.
For example, the Ambulant Player can render extra information or commer-
cials in my personal device.

4.4 Component Integration and Interfaces

In order to enable integration of components, our architecture support a variety
of interfaces. Figure 2 shows the interfaces that the AMICO middleware uses in
our studies. Through these interfaces, AMICO integrates a number of services
that provide the following functionality:

5 http://amico.sourceforge.net/
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Fig. 2. AMICO Interfaces

– Non-intrusive activators: catches, handles, and interprets the input from non-
intrusive activators (e.g., RFID reader).

– User Profile: retrieves and utilises the different user profiles encoded in Re-
source Description Framework (RDF) files.

– External Services: allows content integration from external services.
– Output Transformation: provides output transformation features.

Figure 3 shows the interfaces of the Ambulant Player and Annotator with the
rest of the components of the architecture. It provides the following functionality

– Action Handling: the Ambulant Annotator handles user input coming from
different activators.

– Content Retrieval: the Ambulant Player accesses different content resources,
including broadcast, optical disk, P2P network, and local storage. The Am-
bulant Player can also request content from external services via AMICO.

– Non-monolithic Rendering: the Ambulant Player can divide and target the
multimedia presentation to different rendering components. These compo-
nents include the television set and other personal devices.

5 Implemented Example

In order to validate the ideas presented in this paper, this section presents an
implemented example and an analysis of the benefits of our solution over tradi-
tional interactive digital television systems.

Non-Monolithic rendering: Dick (a US national) and his (Dutch) wife are
watching TV. Dick uses a personal device (e.g., Nokia 770) as an extended remote
control to navigate through media content based on his personal preferences,
as shown in Figures 4(a) and 4(b). The personal devices can inform him when
extra (personalized) fragments have been detected by the non-monolithic player.
In both cases the content is rendered in the personal device and, thus, do not
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Fig. 3. Ambulant Player and Annotator Interfaces

disturb the television viewing experience of the rest of the family. The personal
content might include, for example, instant translation of sentences he might not
yet understand in Dutch, personalised commercials, or extra features extracted
from web services.

Non-Intrusive input: We apply non-intrusive activators such as RFID read-
ers and camera-based face detectors to assist in interaction with the television
content. For example, the sensors detect the identity of Dick and his wife and
their distance to the television set, and identify the language settings for subtitle
language selection.

User Interaction Capabilities: our system provides as well a shared expe-
rience for connected people. For example, Figure 5(a) shows the content Dick

(a) Packages Navigation. (b) Programs Navigation.

Fig. 4. Screenshots of Micro-Level Personalization in a Handheld Device
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is watching on the television screen. At some moment, he uses the Ambulant
Annotator to enrich the content. Figure 5(b) shows the interface in his handheld
device. This enriched content is then shared with, for example, his brother living
in the USA by using a P2P network.

This example shows the two main contributions of this paper: non-monolithic
rendering of content and non-intrusive user input. Based on a rich television
content model, we believe they are the cornerstone of valued group experiences.
Clear advantages of our system over current solutions include the capacity of
targeting the personal content to where it belongs: to personal devices; the pos-
sibility of linking media content in packages or experiences, and the support
for a variety of input mechanisms due to the action descriptions. For example,
in addition to the ones mentioned earlier, AMICO supports voice input and,
even more interestengly, an intelligent pillow interface for controlling the media
playback. The intelligent pillow was developed by the company V2 [14].

(a) Content in the TV Screen. (b) Enrichment Interface in a Handheld
Device.

Fig. 5. Non-Intrusive Rendering

6 Conclusion and Future Work

This paper has presented an architecture for non-intrusive user interfaces in the
home environment. This architecture takes into account the differences between
the share space (e.g., television set) and the private space (e.g., handheld device)
at home. The main contribution of this paper is the proposal of an architecture
based on non-monolithic rendering of content and description of user actions.
In the first case, the architecture provides the mechanisms to target specific
parts of the digital content at home to different rendering components (e.g.,
high-definition content to the television set and personal material to handheld
devices). This way, the personal experience of the user is enriched, while the tele-
vision viewing experience is not disturbed. In the second case, user interaction is
not limited to the intrusive remote control paradigm. Even though in some cases
such interaction is desirable, we propose enriching the user potential impact
on the content. Some examples include the use of personal devices for personal
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content interaction. In addition, other devices such as personal identifiers and
a camera can register the identity and context of the user in a non-intrusive
manner. Based on those variables, our system can derive actions on the mul-
timedia content (e.g., to pause the show when there is nobody in front of the
TV).

In addition to non-monolithic rendering of digital content and descriptions
of the actions, this paper presents a solution for modeling interactive digital
television content. The key question that this paper handles is how to model in-
teractive television content in a rich and scalable manner. The solution provided
is to use SMIL language linked to TV-Anytime metadata and to MLIF multi-
lingual content. The major advantages of this solution is that the content can
be annotated in a finer level of granularity, other resources can be included in
the television packages, and further enrichments can be provided by professional
and amateur users.

Finally, in order to validate the ideas presented in this paper we presented
the implementation of an architecture and of a particular scenario. The imple-
mentation of the described examples required usage of diverse components, and
consequently solving many software interoperability problems. Firstly, we had
to support several integration interfaces. Components that we have used came
from various (open-source) projects that use diverse integration interfaces, such
as XML-RPC, OpenSound Control, HTTP, TCP, of which none is predomi-
nant. Adapting components to one common interface is not an easy task, and
sometimes not possible, as components are developed in diverse implementation
environments. Additional problem was that low-level components, such as sen-
sors, and higher level components, such as web services, work with significantly
different data structures and temporal constraints. For example, sensors, such
as a face detector, can send dozens of UDP packages per second with simple
data structures about detected events. Web services, on the other hand, use a
more complex protocol (i.e., HTTP) and complex XML encoded data, with delay
which is sometimes measured in seconds. To enable integration of components
that work with significantly different data structures and temporal constraints,
we had to abstract and map different data types and use temporal functions,
such as frequency filtering.

Future work includes describing business models based on the ideas presented
in this paper, and more importantly, carrying out a number of user studies for
further validation. This studies will be performed in collaboration with other
research laboratories with experience in usability.
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Abstract. Broadcasted television shows are becoming more interactive.
Some shows even let home viewers without professional equipment be
part of a broadcasted television show. Staged Participatory Multimedia
Events on TV take this approach another step further. In this type of
television shows, viewers can not only participate in the show through
interaction or videostreams, but also direct the show. In this paper we
discuss this type of participation TV into more detail and discuss the
models allowing quick and graphical creation of the structure of a for-
mat. The models can be serialized to a set of XML-files, which can be
interpreted by the ParticipationTV runtime. Working proof-of-concept
implementations for creating the models, generating the XML-files and
the runtime that interprets the XML-files have been realized.

1 Introduction

The world of broadcast television is changing from analog to digital broad-
casting and from a mostly passive towards a more interactive medium with
increased viewer participation in the broadcasted shows. Many television shows
also have related counterparts in other media such as websites offering additional
capabilities.

Increasingly television streams are also transmitted over the Internet or tradi-
tional TV broadcasts are viewed on desktop computers, laptops or even mobile
phones, offering new possibilities for interaction. Many of these devices are sold
with cameras, built into the device or as accessories and have the possibility to
send live video-streams over the Internet. At the same time the usage of set-
top boxes, which have high-speed Internet access, built-in hard-disk and ample
computing power increases.

Staged Participatory Multimedia Events on TV (SPMEs) will exploit these
additional interaction and participation capabilities. SPMEs are events whose di-
rector and participants can all be television viewers. In this paper, we only discuss
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the television-based viewers, although other devices such as PCs or smartphones
will also be supported. Section 2 describes the structure and properties of such
shows into more detail and introduces an example. Section 3 then discusses the
ParticipationTV runtime infrastructure and the XML files used to configure the
flow of the SPME. These XML files can be generated from graphical models.
These models are discussed in section 4. The paper ends with a discussion of
related work and the presentation of conclusions and future work.

2 Staged Participatory Multimedia Events

Staged Participatory Multimedia Events are broadcasted (for large audiences)
or multicasted (for small communities) television events that actively engage
TV viewers and turn them into true participants. They thus provide a stage
for viewers to participate in interactive television applications that are not yet
publicly or commercially available. The basic requirement for viewing a SPME
is having a television. In order to participate, a viewer will have to have some
means of communication with server such as a set-top box and appropriate
remote control or a device that can send a SMS. For full participation, other
devices such as webcams and microphones and a high-speed Internet connection
will be necessary; live video and audio streams from selected participants of the
show will be merged and integrated into the multimedia stream.

SPMEs belong to a format whose structure can be defined using the graphical
modeling language discussed in section 4 or directly using the XML-language
that is used as a blue print of the show (see section 3). Show participants can
have different interaction capabilities based on their role. Some roles may have
hardware requirements such as a webcam and microphone. Each format allows
all participants to chat with one another.

A SPME is started when the first viewer activates a format. This first viewer
will not only start the show but will also become its director, identified by the role
master. All other viewers that join the active format will initially get the same
role, participant. The show is driven by viewer interaction (and time-based events
when desired). The format, however, determines the actions that can be per-
formed by viewers based on their role and the actions that are already performed.

AuctionTV is an example of such a format. It is a format that allows one of the
participants to offer an item for sale through an auction. The format is started
by the auctioneer, who gets the role master. All other people that join the format
afterwards, have the initial role participant. One of these participants can offer
an item for sale and as such becomes the seller; the seller does no longer have the
role participant but gets the role seller instead. Then the auctioneer initiates an
interview with the seller, followed by the bidding process. Whenever a participant
p bids, the auctioneer raises the price, confirming the bid. In doing so the role
winner is added to the roles of p and removed from the previous bidder (if there
was one). When an acceptable bid has been made and confirmed, the bidding
process is ended by the auctioneer. The auctioneer finally does an interview
with the winner of the highest bid. As long as no bid is made, the auction can
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(a) (b)

Fig. 1. AuctionTV application used with different interaction methods/devices (a) a
TV remote control (b) a game controller

Fig. 2. Example structure of the screen contents of an SPME

be cancelled by the auctioneer, just as all other viewer actions, using a remote
control (see Fig. 1).
The AuctionTV example illustrates some important properties of SPME:

1. SPME can be completely driven by viewer actions, although time-based
events can be used.

2. Each person watching a SPME has one or more roles.
3. Fig. 2 illustrates that viewers with different roles can be part of the show

through live video streams provided by webcams.
4. SPMEs have a script; the consequences of viewer actions have predefined

(predictable) results.
5. In some situations, it is necessary that one action is to be performed before

any other actions can take place. For example, when a bid is made the
auctioneer has to accept it and raise the amount for the next bid.

6. Highly different interaction methods or devices can be used (see Fig. 1).

All SPME formats have a similar screen structure, which is illustrated in
Fig. 2. The background consists of non-interactive content and is shared by all
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Fig. 3. Runtime infrastructure

viewers whatever their role is. All interactive content (including instructions) is
shown in interaction panels or popup dialogs.

Each interaction panel allows the viewer to perform one task such as making
a bid, setting the price of the item to be sold, start the interview with the
winner (a transition to a new screen layout). The interaction panels are layered
on top of each other in one designated area of the screen, the interaction bar (see
Fig. 2). A popup allows its viewer to perform exactly one task, while temporarily
disabling the performance of all other tasks (realizing property 5). A popup thus
has behavior similar to that of a modal dialog box on a desktop computer.

3 The SPME Runtime Support

3.1 The Runtime Infrastructure

The ParticipationTV infrastructure (see Fig. 3) is build around an instant mes-
saging (IM) server that is based on the eXtensible Messaging and Presence
Protocol, short XMPP [4,5]. Although this is not a necessity it gives a lot of
advantages. The protocol is based on XML, which means that it is easily exten-
sible with ParticipationTVs own XML-based SPME language.

ParticipationTV clients or server-side components that need to send Partici-
pationTV specific messages to each other can simply do so by embedding them
in an XMPP message and the IM server will make sure that they will arrive
at the corresponding entity. Furthermore the presence part makes it easy to see
which buddies are online and you can invite them to play a TV program that
you made or host, although people can also join a ParticipationTV program if
they know the format and host.

The actual core of ParticipationTV is the Orchestrator, a server-side XMPP
component that plugs into the IM server. The Orchestrator has a variety of
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functions: keeping track of ParticipationTV format instances and sessions, mak-
ing sure participants have the correct roles, handling workflow, sending the right
interactive components to them and steering the videomixer.

When a user logs into ParticipationTV he will send an XMPP message to
the Orchestrator component to ask for the available formats. The Orchestrator
will make use of the ParticipationTV web service to retrieve the list of formats.
After the user has selected a format and states that he wants to be the host, the
Orchestrator will exercise the following steps: (1) Load the corresponding XML
SPME files into its workflow engine. (2) Create the new session and informs the
web service of the newly created session. (3) Attach the role master to this user.
(4) Start an instance of the videomixer. (5) Create a room in the Multi-User
chat component [2] of the IM server. (6) Send a message back to the user that
everything is setup correctly and that he can join the Multi-User chat component.
All participants of the same format instance will end up in the same Multi-User
chat room.

All other users that subsequently log in will be able to join the format in-
stance/session created by this first user. The workflow engine that is part of
the Orchestrator will now start to process the XML SPME files and will act
accordingly: (1) Steer the videomixer, which composes the correct video image
for all users. (2) If there is interactivity, make sure the user with the correct role
will receive it and can act upon it. (3) Go through the flow until the format has
finished or stopped by the user who has the role master.

3.2 The Runtime SPME Description

The XML SPME description consists of two parts: the layout and the flow de-
scription. The layout consists of three major blocks: the background (which is the
same for every user), the interaction panels that can be added to the interaction
bar based on the actual roles of the user, and popup dialogs for modal dialogs to
users, based on the roles. The description of the layout is based on MyXaml 1,
an open source language and library to describe GUIs of Windows applications.
This XML language, together with some custom controls for ParticipationTV,
allows to position labels (Label), pictures (PictureBox), synchronized video
(Video), presence (Presence: webcam, microphone input, avatar, . . . ) on the
screen. Some of the XML for such controls is shown in Listing 1.1. Further-
more, some specific interactions were developed to allow interaction based on a
standard set-top box remote control.

The flow description is a list of named events and the according event descrip-
tions, which consist of a set of commands such as those shown in Listing 1.2.
The first group of commands applies to runtime items known as variables and
roles. Both variables and roles can be resolved to strings to be used in the layout
files. Variables will typically be used for the dynamic behavior of the show as
they support basic JScript 2 evaluation, while roles have to be considered as
1 http://www.myxaml.org
2 http://msdn.microsoft.com/library/default.asp?url=/library/en-us/
jscript7/html/jsoriJScript.asp
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Listing 1.1. SPME XML - control examples
<Label Location=”75 ,400 ” S i z e=”200 ,60 ” Text=”Bid : $RequestedBid$” />
<Presence Location=”100 ,230” S i z e=” 160 , 115” Source=”#MASTER#”

video=” true ” audio=” true ”/>
<PictureBox Location=”0 , 0” S i z e=”720 , 576”>

<Image>
<Bitmap URL=” ht tp : // pa r t i c i p a t i o n t v / auct iontv / s e l l e r i n t e r v i e w . png”/>

</Image>
</PictureBox>
<Video Source=”#MASTER#” Filename=” ItemPresentat ion SGI . av i ”

Location=” 400 ,150” S i z e=”160 , 115”/>

Listing 1.2. SPME XML - example commands
<AddToRole use r=”#INTERACTOR#” roleName=” S e l l e r ” />
<RemoveFromRole use r=”#INTERACTOR#” roleName=”PARTICIPANT” />
<SetVar iab le name=”RequestedBid” va lue=”100” />
<SetVar iab le name=”RequestedBid” va lue=”$RequestedBid$+100”/>

<SetBackground panelName=” In t ro ” />
<AddInterac t ion user=”#PARTICIPANT#” panelName=” S e l l ”

assoc iatedEvent=”BecomeSel ler ” />
<RemoveInteract ion use r=”#MASTER#” panelName=”Cancel ” />
<ShowPopup use r=”#MASTER#” panelName=”AckBid”

assoc iatedEvent=”MasterAckBid”/>

dynamic groups of users, which are typically used for role dependent content
and interactions (popup dialogs and interaction panels).

The second group of commands defines the layout of the screen of the differ-
ent users: a new background can be assigned, interaction panels can be added
and removed, and popup dialog can be displayed. Interaction panels and popup
dialogs also have an associated event, which the user will spawn when he presses
OK when the interaction panel or popup is active. These graphical items are
designated by a panelName, which maps to a description in the corresponding
layout files.

4 SpIeLan: Models for SPME

SpIeLan (SPME interface language) is a graphical modeling language created
for the design of SPME. It consist of three models: the scenario, the scene
stage and scene script. It is important to note that the names and the contents
of these models have been slightly changed to better fit the updated require-
ments of the runtime infrastructure discussed in section 3 since earlier reports
on SpIeLan [6,7]. The visual syntax has also been slightly updated, based upon
an informal test with both programmers and non-programmers, people familiar
with participation tv and people that were not familiar with it.

The first model describes the scenario of the SPME; it provides a high-level
overview of what the show is about. Fig. 4 shows a part of the AuctionTV
scenario. It shows all roles that are involved in the show in the header, including
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Fig. 4. Partial scenario of AuctionTV SPME

Icon Semantics
Starts the SPME
Ends the SPME
Performs a simple action not defined by the other types
Selects a value from a predefined set (currently only strings)
Edits a value (currently only numbers)

Fig. 5. Types of user-generated events in a SPME

the maximum amount of viewers that can take this role initially (i.e. before the
end of the first scene) and during the rest of the show. The rounded rectangles
represent the scenes, a part of the show continuously showing a single background.
The roles that are actively involved in a scene (providing live streaming of video
or sound or able to interact) are represented in the rounded rectangle, as well as
the data that is used or changed in a scene. Each of the scenes is activated by a
user-generated event.

The different types of events that are currently supported by SPME are shown
in Fig. 5. The symbols for these actions are taken from the Canonical Abstract
Prototypes notation [1]. The semantics of these symbols is kept the same, al-
though it is more restricted and more specific to SPME. Depending on the actions
performed by the viewers, alternative sequences of scenes may be specified. E.g.
in Fig. 4 action 2 and 3 trigger to alternative sequences of which the sequence
triggered by action 2 is the “normal” sequence. Should this not be sufficient,
control structures can be used. Discussion of the control structures is however
out of the scope of this paper. The symbols for these actions are abstract because
highly different remote controls could be used to interact with the SPME, even
when only the TV is considered as a visual medium, as can be seen in Fig. 1.

The second model specifies the scene stage; the arrangement of the user inter-
face controls on the television screen. The model consists of two required parts
and two optional parts. The first required part is the scene header (see Fig. 6(a))
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(a) Scene Header (b) Screen Layout

Fig. 6. Scene stage specification

Icon Semantics
Passive user interface controls

Displays media or text
Displays media about a viewer
Displays media about a group of viewers

Interactive user interface controls
Allows selection of a value
Allows editing a value (currently only numbers)

Fig. 7. User interface controls for SPME

which contains the name of the scene, the roles actively involved in the scene,
and the data used and produced during the scene.

The second part describes the screen layout. It completely specifies the back-
ground and specifies the regions where the interaction bar and the popups will
be placed. Each part of the screen is identified by a rectangle with one or more
icons and an explanatory text in it. The rectangle always contains an icon that
identifies the purpose of the part (see Fig. 7) and optionally a source (such as
recorded video, live video or live audio).

The location of the interaction bar is indicated by a dashed rectangle. All
the contained interaction panels are represented by the corresponding events.
A similar approach is taken for popups; only the area where the popup will be
placed is indicated in the screen layout. The contents of both the interaction
panels and the popups is shown seperately.

The third and last model specifies the scene script; it specifies which actions
can be performed by the viewers in which order and what the consequences are.
It has the same header as the scene stage (see Fig. 6(a)) but the rest of the model
content differs. An example of this contents is shown in Fig. 8. It shows that in the
scene Seller Interview, the master can initially see two interaction panels (with
associated events 2 and 5). Event 2 cancels the auction and ends the scene while
event 5 enables the participants to make a bid (event 6). When a bid is made,
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Fig. 8. Scene script corresponding to the header in Fig. 6(a)

the auction cannot longer be canceled. The participant that makes the bid gets
the additional role winner. In addition to this, the value for AcceptedBid is set
and a popup with associated event 7 is shown. When the master acknowledges
the bid, RequestedBid is incremented. The auction can be ended (event 8) or a
participant can make a new bid.

We have implemented a tool that can generate the SPME XML from the
models. The information for the layout-related SMPE XML is (almost) entirely
generated from the scene stage specifications, while the flow description is gen-
erated by combining the scenario and scene scripts.

5 Related Work

There is a body of work regarding participation TV besides the effort discussed
in this paper. Some participation shows have already been broadcasted such as
CultTV in France and Mattina in Italy. The latter uses the Mycast system from
Digital Magics 3 to integrate live feedback from viewers from videophones and
webcams into the daily morning show by Rai Uno, a national TV station in
Italy [3].

OpenTV offers a tool and framework that allows creation of Participation
TV 4 without coding. As far as the authors know the framework is focussed on
enhancing existing television shows and formats with interactivity and extended
statistics and does not allow the advanced viewer-driven shows which integrate
live video-feeds as we presented in this paper.

TVML 5 has a different focus and allows to easily create 3D non-interactive
TV shows using a simple scripting language. SoapShow 6 allows users to create
3 http://www.digitalmagics.com
4 http://www.opentvparticipate.com/
5 http://www.nhk.or.jp/strl/tvml/
6 http://www.soapshow.nl
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their own soap online using video, still images, text and sound clips. Currently
it is limited to the web, but they are planning to show the best soaps on Dutch
television.

6 Conclusions and Future Work

In this paper we described a new type of participation TV: Staged Participatory
Multimedia Events on TV. It gives an unprecedented amount of control to tele-
vision viewers: they are no longer just viewers but participants or even the host
of a show. They can be part of the show through the use of currently available
technology such as webcams, microphones and a remote control.Examples of
SPME formats can include existing TV shows adapted for greater viewer partic-
ipation, AuctionTV, adaptions of board games, shows for specific communities
or even a headbangers competition.

The runtime infrastructure is flexible and uses open specifications and proto-
cols such as MyXaml and XMPP. The creation of a format can be done using
the SPME XML or through graphical models, from which the SPME XML can
be generated. The creation and evaluation (possibly in cooperation with a TV
production company) of an end-user tool that allows to quickly and graphically
model, generate and preview SPME is a major focus of current and future work.
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Abstract. The goal of this research project is to investigate the use of 
technology in supporting social relationships to help users throughout the 
decisional process (“What program could I watch this evening?”). In order to do 
that, we are developing an innovative social EPG, called EPG-Board, that 
integrates a to-watch planner, a message board, a rating and a tagging system. 
We are testing these functionalities in OmegaBox, a Linux based media center.  

Keywords: social media, media center, television, EPG. 

1   Introduction 

Home environment is a relevant issue in HCI (Human Computer Interaction) field 
since “information and communication technologies have moved out of the office 
into the living room” [1]. Home environment is changing because of digitalization of 
information, ubiquitous computing and media convergence. In particular, media 
convergence can be considered as the decoupling and re-modulation of 
functionalities, technology and content of different media types [7]. In the past, the 
core of home environment was the traditional television. Now, media convergence 
enhances the traditional TV with new functionalities and creates a novel form of 
hybrid media: the media center. A media center is a computer adapted for playing 
multimedia content stored on a local hard drive or in a network. They are often 
operated with a remote control, connected to a television set for video output. 
Interacting with this new media, users have access to a wide number of 
functionalities and content. For example, they can watch TV, play music and manage 
photos and videos using a single interface. So, the media center becomes the most 
important gateway from the home environment to the world. This unified content 
environment is based on: broadcast content, the Internet and the home network [5]. 
For the Internet the search is based on engines and directory services, while for 
locally stored digital content (music libraries, stored videos, documents, photos and 
so on) there is a PC-like file system interface. Instead, for broadcasting, the search is 
based on the Electronic Program Guide (EPG), a tool that helps people to easily find 
programs that match their interests. But, considering the increasing number of 
available channels and programs of analogical, satellite and digital terrestrial TV, 
traditional EPGs are not suited to support users in the decisional process (“What 
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program could I watch this evening?”). In order to overcome the information 
overload caused by the growing number of programs, many research projects 
developed personalized EPGs (PPG) based on predictions or recommendations [12] 
[14]. But, considering that the decisional process is driven not only by personal 
preferences but also by social relationships, these PPGs are not adequate to support 
users. In fact, as ethnographic studies demonstrate, “TV and other mass media, 
rarely mentioned as vital forces in the construction or maintenance of interpersonal 
relations, can now be seen to play central roles in the method which families and 
other social units employ to interact normatively” [8]. In particular TV supports two 
kinds of sociability: direct (i.e. when you talk to your mother about a TV program 
while watching it) and indirect (i.e. when you talk to your colleagues about the 
program you saw the day before) [10]. 

Our goal is to investigate the use of technology in supporting social relationships to 
help users throughout the decisional process. In order to do that, we are developing an 
innovative social EPG, called EPG-Board, that integrates a message board, a rating 
and a tagging system. We are testing the EPG-Board in OmegaBox1, a Linux based 
media center. The paper is organized as follows: in chapter 2 we describe the 
OmegaBox project, while in chapter 3 we present some related works. In chapter 4 we 
detail the idea of the EPG-Board and in chapter 5 we underline conclusion and future 
works.  

2   The OmegaBox Project 

OmegaBox is a Linux based media center that enables the convergence of 
entertainment and communication devices like Voice over IP and IPTV (Internet 
Television). It is an open environment for both entertainment and content 
management applications. Like other media centers [9] [18], OmegaBox provides 
access, use and management of services and multimedia content by integrating 
several functions such as Digital Terrestrial Television, Satellite Television, IPTV, 
PVR (Personal Video Recorder), Video, Audio and Image Management, Internet 
access, GPRS/UMTS connectivity and MHP (Multimedia Home Platform).  

The OmegaBox project is very similar to the TiVo box2. As OmegaBox, TiVo 
offers a home entertainment experience, including i) an automatic recording of 
favorite shows; ii) a search engine to find and automatically record the shows that 
match user interests; iii) a network access to online services (such as weather forecast 
and movies’ trailer). Moreover, the EPG-Board, described in this paper, adds to an 
advanced PVR some social features in order to support user in the decisional process. 
In particular, the EPG-Board collects four modules: the To-Watch Planner, the 
Message Board, the Program Rating and the Content Tagging (see Section 4).  

                                                           
1 ΩBox is developed by CSP research centre (http://www.csp.it/en/view?set_language=en). The 

technical details of ΩBox are: Intel® Pentium IV 3GHz, 800 MHz FSB, ATI® Radeon 
Xpress 200 Chipset, 512MB DDR2, 250GB of Hard Disk capability, DVD-ROM DL Burner, 
Infrared Remote Control and Wireless keyboard/mouse. 

2 http://www.tivo.com 
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3   Related Works 

The main goal of an EPG is to help users to easily find programs. It is an on-screen 
guide to schedule broadcast TV programs that allows a viewer to navigate and select 
content by time, title, channel, genre, etc. The information is typically displayed on a 
grid with the option to select more information on each program, such as program 
titles, synopsis, actors, directors, year of production, the channel name and so on. In 
order to better support users in the decisional process, many research projects 
developed the so called Personal Program Guides. The PPGs are adaptive EPGs 
according to user preferences and as a consequence, they improve traditional EPGs. 
But, as well as adaptive systems, PPGs have some problems, for example the well 
known cold start problem [13]. 

Since TV is a social experience and the decisional process is based on sociability, 
the research trend is the integration of social network in television context. An 
example of this trend is the Mass Personalization project [5]. It is a framework for 
combining television with a personalized web based experience. It puts together four 
applications: personalized content layers (that is an additional layer with information 
related to the TV program), ad hoc social communities (that is a chat for users who 
are watching the same TV program), real-time popularity ratings and virtual media 
library services (that is a video bookmarks). Like our project, the Mass 
Personalization offers a chat and a rating system but these services are web based. So 
user has to interact with a computer and not with a TV screen. We think that this way 
of interaction could be a problem because users have to split their attention between 
television and computer. 

Even the Tribler project [16] describes a social network for TV. It presents a novel 
scheme – called BuddyCast – that builds a social network for a user by exchanging 
user interest profile. The profile information can either be based on ratings or on log-
archives regarding zapping behavior. The ratings and loggin-information are used to 
suggest user personalized content. Instead, our EPG-Board uses user‘s behavior as a 
rating system to communicate user’s preferences to her community. Our choice is due 
to assume an indirect sociability [10].  

The importance of communication in TV context is also underlined by the project 
AmigoTV [4]. It enables a real voice communication over television. In particular, 
user can speak with her friends using an avatar. This project uses an innovative 
approach because it assumes the direct sociability [10] as we tried to do with our 
message board. We chose a text message board because this communication modality 
allows the messages to overstay on the screen even if the user is not in front of the 
TV. 

Finally, an interesting idea comes from Tom Coates who spins out a vision of the 
future television that incorporates social software into the experience [3]. In his vision 
he describes the future social TV: a buddy-list to see what a friend is watching, a 
presence alerts to remind you that there are other people in your social circle 
watching TV at the same time as you, a watch with your friends - a webcam above the 
television to see how your friends is responding to what is on screen - and chatting 
and planning that allows you to chat about the programme you've just been watching. 
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4   The EPG-Board 

In the following we describe the four modules of our EPG-Board. 

To-Watch Planner 
In order to describe this application, we start with a brief scenario.  

It is Monday night, Jakob is watching TV and, during the advertising, he decides to 
have a look to the OmegaBox EPG. He notices that during the week there will be 
some programs he would like to watch (for example the football match of his favorite 
team) and so he selects them in order to fill in his personal program planner. The 
following night, while he is watching a TV quiz, an alert on the screen reminds Jakob 
that the football match is starting on channel 5. Because the football match is not so 
exciting, Jakob decides to chose another TV program but he is hesitant between two 
movies. In order to choose, Jakob refers to the shared OmegaBox EPG, showing the 
watching preference of his friends. He notices that “Saw” is the preferred one and so 
he starts to watch it.  

The To-Watch Planner is composed of two main features: a remainder and an 
innovative shared EPG. The remainder works like a planner in which user takes a note 
about programs she would like to watch. Instead, the shared EPG shows the most 
interesting program for the user’s buddy-list. In particular, the shared EPG changes 
the background saturation color of each program according to i) the number of friends 
that are watching the program and ii) the number of friends that took a note of it in 
their remainder. We decide to use the background saturation color as rating indicator 
being inspired by the e-learning project Knowledge Sea [2]. Knowledge Sea is a 
system that provides a social adaptive navigation support in a Open Corpus context. 
The system is called Knowledge Sea because the content was background colored 
using several shades of blue, similar to real ocean maps, deeper color saturation 
indicate that the information under the cell was deeper (more users selected that 
content). The idea at the base of this suggestion method is that people tend to follows 
the "footprint" of other people [17]. We done an heuristic evaluation with experts on 
the To-Watch Planner prototype interface. Moreover, we planned other usability 
evaluations with real users in order to understand if they comprehend the meaning of 
different background colors (saturation). 

Message Board 
The Message Board application allows user to communicate both in real time and in 
asynchronous way. In our system, users can assign a comment to each TV program. If 
a friend of Jakob posts a comment about the movie “Sliding Doors”, Jakob can read it 
immediately or, for example, he can read it two months later, when the movie is 
broadcasted again. Moreover, users can resolve to visualize messages grouped by her 
buddy-list rather than by TV program or TV series. We know that it is not easy to 
enter text using a remote control [6] so users can interact with OmegaBox both using 
a remote control and a wireless keyboard. 

Program Rating 
The Program Rating application allows the user to say her opinion about a TV 
program (“I like it”/“I don’t like it”). This explicit feedback the user gave is used by 
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the To-Watch Planner application in order to evaluate the popularity of each program 
and to determine the level of background saturation. 

In order to simplify the user interface and the interaction, we decided to implement 
the rating system using just two rating options. In particular, we decided to dedicate 
two buttons of the remote control (the red and the green ones) to that function even if 
we are still studying new rating strategies.   

Content Tagging 
By the Content Tagging application user can semantically enrich the EPG. 
Consequently, users can search for a program browsing tags from the EPG or from a 
Tags Cloud. For example, you can imagine that Jakob wants to enrich the OmegaBox 
EPG by adding some tags to the “Saw” movie (“Thriller”, “James Wan”). Agata, a 
friend of Jakob, is looking the OmegaBox EPG and she reads the tag added to the 
movie and, being a fan of thrillers, she decides to watch it. 

5   Conclusions and Future Works 

The goal of this research is to investigate the use of technology in supporting social 
relationships to help users throughout the decisional process. In order to do that, we 
are developing an innovative social EPG, called EPG-Board, that integrates a message 
board, a rating and a tagging system. As future work we plan to close the 
development of this ongoing project and to test the prototype in a real context of use 
with a real user group. Moreover, we are studying how to support the use of the EPG-
Board by people of the same household. 
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Abstract. This paper determines key success factors for interactive TV games 
with SMS as a return channel. User requirements are determined by survey, a 
game application is developed and subjected to usability tests, examining the 
connection between game usability, gameplay concept and entertainment. Par-
ticular attention is paid to the leap between the two separate mass media by per-
forming eye-tracking analysis of players. 

Keywords: games, usability, eye-tracking, iTV, interactive Television, SMS 
backchannel. 

1   Introduction 

Computer games have made the jump from a niche product to a mass media phe-
nomenon rivaling turnover, revenue and reach of both movie and music industry. In 
order to tap into new target groups, developers of software and hardware alike are as-
piring to adapt to users previously deterred from electronic entertainment. Innovative 
game concepts based on group activity and social interaction are deployed to over-
come the inhibition barrier. New input concepts based on intuitive control schemes 
like touchscreens or spatial motion are supposed to overcome the technological  
barrier. 

Both tasks have already been achieved very well by mobile phones. Most users are 
not aware that they are actually handling a small computer and quickly adapt to han-
dling their device in a very uncomplicated way [1]. 

Hence the idea of combining interactive TV games with mobile phones. The game 
is brought to potential players by TV, a well-known medium, and controlled by the 
mobile phone, an accustomed device. We will call such games iTV-SMS games. 

This paper considers different aspects of the development, deployment and success 
measurement of iTV-SMS games. We look at the formative criteria that make up  
casual games in iTV and determine requirements, expectations and demands from po-
tential users of iTV-SMS games. Based on the results, we design a game and conduct 
a usability study using eye tracking. We finish the paper by analysing our results, 
summing up our conclusions and giving an outlook on open questions and possible 
further research for the future. 
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2   ITV-SMS Games 

ITV-SMS games are games in which mobile phones serve as input device for game 
moves issued by SMS, while TV sets serve as display device for the game states. 

Essentially, iTV-SMS-games are pay-per-play games with SMS serving both as 
method for player input and billing. Pay-per-play itself is a challenging approach:  
players must be motivated to spend more money on another move, a concept similar 
to arcade games where players need to be motivated to spend more money on another 
game. Like episodic gaming, the price for both concepts falls well within the impulse 
buy range [2]. 

Due to their nature, iTV-SMS games belong to the casual games market. Casual 
games distinguish themselves by simplicity and forgiving gameplay. They are usually 
inexpensive to produce and often distributed by “try before you buy”-models. For an 
exhaustive treatment of casual games, see [3]. 

Possible concepts for iTV-SMS games must consider several requirements mostly 
caused by technical prerequisites: 

1) possibility to describe a game move within an SMS 
2) achievement rating, e.g. by counting points 
3) information sharing between all players 
4) possibility to issue game moves in any order at any arbitrary point in time 
5) no limitation regarding amount of simultaneous players and moves 
6) visible and encouraging result for any move 
7) rule acquisition by observation 
8) interface suited for low TV resolution 
9) game theme tailored to target group 
10) entertainment value for passive participants (viewers) 

3   User-Centered Design 

For iTV games, the same questions as for any iTV application apply: what are the 
specific wants that can be fulfilled by iTV-SMS games, what might potential users 
consider attractive and which interactivity makes a difference? 

To allow for user-centered design for future iTV-SMS games, we designed a sim-
ple questionnaire with three main goals: 

1) Have test persons evaluate screenshots of actual iTV-SMS games in order 
to get their feedback regarding appealing and unappealing layouts. 

2) Learn about ideas, motivations and expectations of test persons unfamiliar 
with the technical restrictions of iTV-SMS games. 

3) Gather opinions how test persons feel about playing iTV-SMS games. 

The questionnaire consisted of 9 multiple-choice questions and 24 Likert scale 
questions and an additional 2 free text questions. Two multiple choice questions en-
abled the test person to specify an individual answer in case it felt none of the given 
answers applied. Completion time was approximated to be 15 to 20 minutes. 
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Fig. 1. Survey Screenshots: from top left: Colony 21, TEXido, fake screenshot, worTEX, 
Kistenjäger, Beach King, Take 2, Xu-Do-Qu, Moorhuhn X and Memorix 
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The questionnaire was divided into three parts. In part one, the subjects were asked 
about statistical data regarding age, computer/mobile phone usage and televi-
sion/videogame consumption to understand what kind of entertainment and electron-
ics consumer the subjects are. In part two, the subjects were briefly introduced to 
iTV-SMS games and shown ten screenshots: nine from actual iTV-SMS games and 
one fake. Based on the screenshot, the subjects were asked to evaluate rule convey-
ance, attractiveness, screen layout, easiness and entertainment value for each game on 
a Likert scale. After that, subjects were asked to choose the game they would prefer to 
play, and state why. In part three, the subjects were asked about motivations and inhi-
bitions with regard to iTV-SMS games. 

The nine screenshots depicted the following games (see Fig. 1): 

1) Colony 21, a science fiction-themed shooter game 
2) TEXido, a scrabble-like game to find words in a collection of letters 
3) worTEX, another scrabble-like game to find words 
4) Kistenjäger, a minesweeper-like game developed during this study 
5) Beach King, a shooter with comic-style graphics 
6) Take 2, a mind-game similar to the card-game Memory 
7) Xu-Do-Qu, a number puzzle game much like the well-known Sudoku 
8) Moorhuhn X, a shooter and the only game to use an existing IP 
9) Memorix, identical to Take 2 but with different graphics 

We specifically looked for subjects who had little to no knowledge about iTV-SMS 
games, information technology and computer games. Of 26 surveys handed out, 24 
copies were completed and returned. 10 subjects were male, 14 were female. 62.5% 
of the subjects were students. 20 subjects were from Germany, 1 each was from Italy, 
India, Turkey and China. The average age was 29.3 years. 

In the screenshot rating, female subjects rated Moorhuhn X best, followed by 
Memorix as second, Sudoku third, Beach King fourth and worTEX fifth. Women dis-
liked the screenshot of Colony 21 most, followed by the fake screenshot. The screen-
shot of Moorhuhn X received also the highest ratings from male subjects, followed by 
Sudoku as second, Beach King as third, Memorix as fourth and TEXido as fifth. Col-
ony 21 received the same rating as Take2 and made sixth place. Men disliked the fake 
screenshot most, followed by worTEX. 

Other noteworthy results from the screenshot ratings were that games with abstract 
gameplay generally got a worse rating than non-abstract games. The fake made-up 
screenshot received the worst ratings. Take2 got rated distinctly worse than Memorix 
although both games are identical and differ only in graphical representation. 

Asked about what game they would prefer to play, 35,7% of female subjects chose 
Moorhuhn X, with Xu-Do-Qu, Beach King, and worTEX following with 8,3% each. 
On the same question, 40% of male subjects chose Colony 21, followed by Beach 
King and worTEX with 20% each. This is interesting because the most appealing 
screenshot of one gender fared mediocre with the other: only one male subject picked 
Moorhuhn X, and only one female subject picked Colony 21. 

80% of female subjects who chose Moorhuhn X gave as reason that they knew the 
Moorhuhn-franchise already, suggesting that franchise recognition might play an im-
portant role in the success of iTV-SMS games. 75% of male subjects who chose Col-
ony 21 stated that they were attracted by the technological science fiction theme. 
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When comparing this with the screenshot ratings, it is striking that the choice of 
female subjects matches closely with the screenshot ratings, while it doesn’t for male 
subjects. This might be a hint that assumed difficulty and entertainment, layout and 
game concept recognition play an important role for women when they decide about 
game appeal. For men, the setting or graphic theme appears to play a major role. 

Regarding motivation to play iTV-SMS games, achievement was rated lowest and 
entertainment highest. Female subjects rated diversion as strongest incentive to play, 
for male subjects it was brain training. Regarding reasons not to play iTV-SMS 
games, both genders stated the cost of SMS as primary concern (at the time this ques-
tionnaire, SMS in Germany cost around 20 cents depending on the provider), fol-
lowed by the statement that such games are uncommunicative. Women were not con-
cerned about iTV-SMS games being unchallenging, playing games in public or being 
second in making a specific move. Men were undecided about such games being chal-
lenging and on average did worry a bit about being slower at others when making a 
move. 

Women were rather interested in single player versions of the games, in storyline 
and had a slight interest for achievement display on the internet, prizes, tournaments 
and team functionality. Men, on the other hand, strongly liked the idea of achieve-
ment display, storyline and team functionality, some interest for prizes and tourna-
ments and slight interest for a chat function. Accompanyment by a real-life moderator 
was not of interest for any gender. 

Due to the small number of subjects, the results must be considered carefully. The 
survey results suggest different preconceptions and preferences by men and women. 
Further, the results of the survey suggest that it is not just the game concept, but also 
the representation which influences the appeal of a game to a viewer. 

4   Creating an iTV-SMS Game 

The game idea for “Kistenjäger” evolved from the well-known game “Minesweeper” 
which has been supplied with every copy of the operating system Microsoft Windows 
since Windows 3.1 in 1992. 

To adapt Minesweeper to the requirements of iTV-SMS games, a minor modifica-
tion to the original game concept was made: Mines are replaced with treasures, which 
are not to be avoided, but to be found. Task of the game is no longer for a single 
player to uncover all untrapped squares, but for multiple players to collect as many 
points as possible, where different amounts of points are awarded depending on how 
many treasures are adjacent to the uncovered square. A maximum of points is gained 
by uncovering a treasure square. 

The layout was designed according to predefined provider specifications: the game 
area uses most of the screen, an information bar at the bottom informs players about 
in-game events, a vertical bar on the right shows a preliminary high score and remain-
ing game time both as text counter and clock-like icon. 

After a pen-and-paper prototype testing of the game concept led to minor modifica-
tions of the concept, the game was implemented with a treasure island-theme. Treas-
ures are represented by a half-opened chest. The numbers indicating the amount of 
adjacent treasure squares are represented by an according amount of coins: one coin 
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would represent one adjacent treasure, two coins would represent two adjacent treas-
ures and so on. The game obtained the title “Kistenjäger” (german for “chest hunter”). 
The playing field is a rectangular matrix of equal-sized squares. Rows and columns 
are labeled with letters and numbers, thus each square can be designated by a 2-tuple 
consisting of letter and number. An uncovered treasure square is worth 100 points, 
any other square is worth 10 points for each adjacent square containing a treasure. 
Exception is when there are no treasure squares adjacent, in which case 1 point is 
awarded. When a player uncovers a field with no adjacent treasure squares, all of the 
not yet uncovered eight surrounding squares are uncovered as well. No points are 
awarded for the uncovering of those surrounding squares. A game ends when all 
treasures have been uncovered. 

We considered a Minesweeper-like game a good choice for implementation be-
cause it is comparatively simple to implement and, due to the product bundling men-
tioned above, likely one of the most widely-known game concepts. 

5   Usability Testing 

Usability of a software application is very closely connected to the task the software 
is supposed to serve. A central part of usability measurement is finding out what  
exactly usability means in a respective situation [5]. Since a game is supposed to en-
tertain the player, effectiveness and efficiency are difficult to measure and might be 
inapplicable indicators for its usability. Whether a task presented within the scope of 
the game can be effectively or efficiently executed must depend on the player’s abili-
ties. The measures available within a game might intentionally be ineffective and in-
efficient to increase the challenge for certain tasks and thus entertainment value. 

Obviously, there are many ways how games differ from work applications. For an 
exhaustive list, see Pagulayan et al. [4]. Games and work applications share a design 
principle, though: inconsistent user interfaces as well as confusing layouts are detri-
mental to both. But since usability of a game is closely connected to its entertainment 
value, improving game usability must not end in removing fun and entertainment. 

The question what makes fun in games is still unresolved. An exhaustive answer  
would go far beyond the scale of this paper. According to Klimmt [9], the three core 
mechanisms identified by research are self-efficacy, suspense cycles and role model 
identification. Not all of these mechanisms have to be present in a game at all times. 
For example, role model identification can be applied better to narrative or immersive 
games, while casual games profit most from suspense cycles. 

The usability testing was conducted at the MMC in Kiel. Test setup and procedure 
were shaped according to “discount” usability evaluations using a small number of 
subjects  (Kjeldskov et al. [11]). The usability test and eye tracking experiment was 
conducted with 3 men and 2 women. 4 of them were students, 4 of them had previ-
ously taken part in the questionnaire. The average age was 27.2. None of them had 
played games based on SMS before. All of them knew the game Minesweeper, but 
just one of them considered itself proficient at it. 

The subjects were sitting in front of a laptop with a 15.1 inch TFT-display with 
1400 x 1024 pixels, running at an extrapolated resolution of 768 x 576. Since the 
game ran in PAL resolution, a horizontal strip at the right side of the display remained 
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white. A Nokia N-Gage QD mobile phone was supplied to the subjects for game con-
trol by SMS. The experiment controller was sitting to their left controlling the eye 
tracking device. 

The procedure was as follows: First, the subjects were introduced to the experi-
ment and the game. Then, the subjects were asked to familiarize themselves with the 
mobile phone, the game, the rules and the command syntax. A five-point calibration 
was conducted for the eye tracking system and the subjects were then asked to play at 
least one round of Kistenjäger, lasting four minutes. If they wished to, they were al-
lowed to continue playing for as many rounds as they wanted. 

After they finished, the subjects were asked to rate the hedonic aspects of the game 
according to a semantic differential (after Hassenzahl et al. [10]). Following that, the 
usability interview was conducted. While the subjects could relate their experience of 
playing the game, the experiment controller worked off a set of questions. 

For identification during the game, the subjects were designated the screen name 
“DoraMMC”. The SMS format for sending commands was “ki (column) (row)”. 
Along with the players, seven computer players with different screen names would 
make moves, revealing yet unrevealed fields at random. 

On average, each subject played for 2 rounds and sent 2,1 SMS per round. The 
subjects did not pay for their moves and were encouraged not to worry about cost. 
Despite that, four of five subjects were visibly reluctant to send game moves at ran-
dom, suggesting a subconscious concern about SMS cost. It does resemble real-life 
behavior. 

The eye tracking worked well. Unfortunately, it didn’t give exact information 
when the subjects were writing and sending SMS. During the examination, it showed 
that subject behavior differed in this regard: one would look back on the screen im-
mediately after sending a command, another would wait for the mobile phone to an-
nounce successful sending of the SMS. One subject sent several SMS without looking 
at the screen in between. 

Differences could be observed in the eye movements: the proficient subject’s 
movements were much faster, the eyes remained a much shorter time on the same 
spot. Also, eye fixations went much straighter to the revealed squares with the most 
amount of coins, that is the most adjacent treasures. In contrast, two of the other sub-
jects were mainly looking at unrevealed squares, which indicates that they were not 
trying so much to gain information from the revealed squares. 

Another major difference was that after sending an SMS, the unproficient subjects 
were mostly focusing on the square they intended to reveal, waiting for the revealing 
animation. The proficient subject did not wait for this, but usually concentrated on the 
revealing animations of the computer players or the unrevealed fields. 

It was not measured how long it took from sending an SMS until a reaction on the 
screen occurred. Test runs and the experience relayed by the subjects show that reac-
tion time is mostly between one and three seconds. However, singular delays of 15 
seconds and more were observed. As long as a reaction occurred eventually, the sub-
jects generally did not mind the delay. When an SMS failed to produce a result, the 
users assumed a technical problem and never considered an input mistake. Appar-
ently, users expect the system to be forgiving in this regard, and also to message both 
syntactic and semantic errors. Each subject made at least one formatting mistake pre-
venting game move procession. 
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Fig. 2. Sample eye tracks for an unproficient (left) and a proficient player (right) 

In the semantic differential, the game received a bad rating: it was considered sec-
ond rate, nondescript, dull and boring and judged as unexciting, difficult to play and 
uninspiring. Only one subject, the one who considered itself proficient with Mine-
sweeper, actually stated to have enjoyed the game. 

All subjects commented that it was not apparent to them at what time the game ac-
tually started and when they could start making moves. Although none of the seven 
computer players ever made a move until 25 seconds into the game and the game start 
is clearly designated by a text “new round” floating over the screen, no subject made 
a move before a computer player did. Apparently, an empty playing field discourages 
users from making moves. Similarly, all subjects were surprised by round endings de-
spite text and graphical representations of remaining game time. 

Two subjects stated they had no firm idea about iTV-SMS games before playing. 
Two said that prior to playing, the idea of iTV-SMS appeared games funny and weird, 
but afterwards they considered it unsuitable in practice. One subject commented that 
the experience would likely have been different and more positive if the game had ac-
tually been played on TV on a public channel. In this configuration, however, it just 
appeared as computer game with strange control input. In general, all subjects stated 
they were struggling with the mobile phone which they were unused to. Four subjects 
stated they would have done better with their own mobile phone. 

The four subjects not proficient with Minesweeper commented that the computer 
players moved too fast for them to learn the strategies, and labeled the game experi-
ence as frustrating. One game round lasting four minutes is too short a time to either 
learn the SMS control scheme or the strategies behind a game like Kistenjäger. Some 
subjects wished they could have practiced the game without time limit and competing 
computer players. We met a conflict of interest here: on one hand, the conditions of a 
time limit and competing players are realistic circumstances as new players get to 
know an iTV application. On the other hand, under those circumstances the experi-
ence was frustrating for the subjects. Apparently, the game concept was not a good 
iTV-SMS game for beginners after all. 

The usability interviews provided a number of valuable suggestions for refining  
the game. To encourage player moves, there should be at least one computer player 
making moves early into the game. Alternatively, question-marks might indicate  
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unrevealed fields or players might be given direct on-screen instruction to start mak-
ing moves. The last seconds of the game should be announced by a prominent count-
down on the screen. Some subjects stated that the coins as designation of adjacent 
treasures by the number of coins were confusing and difficult to distinguish. 

We conclude by stating that the information gathered by eye tracking during the 
play of iTV-SMS games tells us mostly about playing styles and strategies of the 
players examined. As explanation, we offer that fixation, which is usually interpreted 
as the user being occupied with the fixated element (as in [12]), here mostly occurs 
during game state analysis. 

Eye tracking is not applied easily to iTV-SMS games. The game on the TV display 
is just a one-way interface. The subject gains information from it, but no direct interac-
tion takes place since the input is made on the mobile phone. The part how the subject 
tries to interact with the application, e.g. to make an input or cause a change, is lost. 

What we see instead is how the subject tries to obtain information from the screen. 
We see how the subject plays the game and what strategies are employed. We can 
learn if the subject understood the game and how long it takes. However, this is in-
formation we can obtain more easily by conducting a usability interview or watching 
the subject play. 

6   Summary 

In this work, we examined the user requirements for interactive TV games using SMS 
as return channel and determined key success factors for such games. We further sur-
veyed what expectations potential users have. We made a number of findings about 
criteria that make a game appealing or not. We also found key motivations and con-
cerns people might have with regard to iTV-SMS games. 

We further developed an iTV-SMS game and conducted a usability study for it, 
employing eye tracking to find out how people actually play specific games. We 
found that eye tracking usability tests of iTV-SMS games are limited due to the way 
the games are played and the games are interacted with. As expected, we found the 
usability interview very useful for identifying specific problems with the game. 

ITV-SMS games are a very specific breed of games. While they successfully over-
come the technical barrier, they suffer many restrictions due to the medium TV and 
SMS. The survey result suggests that iTV-SMS games will have a hard time until they 
are accepted. This is partly due to the image of electronic entertainment in general, 
but also because the thought of using SMS to play games on a TV appears to be un-
usual. High prices for SMS in Germany won’t make it easier for iTV-SMS games. 

We found that future usability studies of iTV-SMS games should try to place the 
subjects in a more credible environment and position, i.e. in front of a TV screen, ide-
ally in a comfortable, living-room like environment, with a mobile phone the subject 
is familiar with. 
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Abstract. An experiment was conducted to identify system response time crite-
ria for commonly-used TV functions based on acceptability judgments of TV 
viewers. Sixteen participants used four different response time profiles on the 
same digital TV system and rated the acceptability of the response times of 
eighteen commonly-used TV functions. Results showed significant differences 
in the acceptability ratings of different response times for different TV func-
tions. This data may be used to estimate how TV viewers would rate various 
system response times for specific TV functions. 

1   Introduction 

One important factor that influences the perceived quality of the user experience of 
digital TV systems is the system response time. The system response time is the time 
between pressing a button on the remote control and perceiving the result to occur. If 
response times are too long, an even otherwise great user interface can be judged as 
undesirable.  

There are many factors that may affect the perception of time and judgments con-
cerning acceptable response time for a given function. 

One factor that may affect people’s judgment of acceptable response time is their 
recent experience with similar systems. For example, if a person perceives that it 
takes substantially longer to change the channels on a new TV system, they will 
probably judge the change negatively. If system response time is longer than ex-
pected, people may be more likely to make certain kinds of errors. [1] For example, 
they may press the same button on the remote control repeatedly. When using a func-
tion that requires multiple repetitions of the same button, such as moving the selection 
highlight to an item in a list, people may be more likely to miss their target. Making 
such errors may negatively affect judgments of system response time acceptability. 

Other features of the user interface may effect the acceptability of a given response 
time for given function. For example, people may judge a response delay to be more 
acceptable if the system responds quickly with immediate feedback to a button press 
even though it takes longer to fully complete the requested action. 

Variability of the response times may also affect people’s judgments of acceptable 
system response time. For example, if the response time for a given function is some-
times noticeably longer, this may reduce the overall acceptability.  
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Various guidelines have been published listing common computer functions and 
assigning recommended system response times to them based on various sources.  
[2, 3] These guidelines are of limited value for TV domain because they are difficult 
to map from the computer domain to the TV domain. 

Some authors have assembled general recommendations for system response times 
based on human perceptual capabilities ranging from the perception of instantaneous 
(0.1 s) to immediate (1 s) to losing attention (10 s). [4, 5] These recommendations 
may not be specific enough for TV systems because within a range, people’s per-
ceived acceptability of system response times may vary greatly. For example, a re-
sponse time of 0.3 s may be judged largely acceptable for a given function, whereas 
0.9 s is judged as unacceptable.  Both of these values are within the range between 0.1 
and 1.0. 

The aim of the current study was to use empirical methods to determine acceptable 
TV system response times for a set of common TV functions. 

Representative people used a digital TV system to do common functions using four 
response time profiles. To investigate the effects of people’s response time expecta-
tions, half of the people who participated had digital TV at home and half had analog 
TV. People rated the acceptability of the response times for each function on a rating 
scale. TV system designers and engineers can use this data to determine which spe-
cific response time would be required for a given function to be judged by TV view-
ers to have a given level of acceptability. 

2   Method 

2.1   Participants 

Sixteen people, 9 males and 7 females, participated. Their ages ranged from 21-70 
in proportion to US Census figures. They reported watching at least 20 hours of TV 
per week. Half the participants had analog cable without a digital video recorder 
(DVR) at home and half had a digital TV system: satellite, digital cable and/or 
DVR. 

2.2   IPTV System 

The TV system used in this study was the Microsoft TV IPTV Edition. [6] It has live 
TV channels, an electronic program guide (EPG), DVR and Video On Demand. This 
system was used because it is of specific interest to Microsoft. However, the results 
are intended to be generalizable to similar TV systems. 

2.3   Tasks 

A relatively small number of functions account for most of people’s interaction with 
TV and DVR systems. [7] See Table 1. 
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Table 1. Common TV Functions1 and Response Time (RT) Profiles Used In this Study 

RT Profiles (seconds)  
Functions 

A B C D 
1 a Change Channels in Full-screen TV  0.4 0.7 1.2 1.6 
2 a Go to Program Info 0.5 0.8 1.2 1.6 
3 b *Type in Channel Number in Full-screen TV 0.2 0.5 0.6 0.8 
4 b Go to Previous Channel 0.4 0.7 1.1 1.6 
5 c Go to Guide 0.5 0.9 1.6 2.2 
6 c Arrow Down in Guide 0.3 0.6 0.9 1.2 
7 c Page Down in Guide 0.3 0.9 1.5 2.1 
8 c Arrow Right in Guide 0.3 0.9 1.7 2.3 
9 d Pause 0.2 0.5 0.9 1.2 

10 e Go to List of Recordings 0.3 0.9 1.5 2.2 
11 e Arrow Down in List of Recordings 0.2 0.5 0.7 0.9 
12 e Page down in List of Recordings 0.3 0.4 0.7 0.9 
13 e Play a recording 0.5 2.3 4.2 5.0 
14 e *Begin to Fast Forward in a Recording 0.4 0.9 1.4 2.0 
15 f Go to Browse 0.4 0.8 1.2 1.7 
16 f Change Channels in Browse 0.3 0.7 1.0 1.3 
17 g Go to Menu 0.3 0.9 1.4 1.8 
18 g Go to Video On Demand from Menu 0.8 1.4 2.2 3.1 

Overall Means 0.37 0.85 1.39 1.86 

2.4   Tasks 

For each of the 18 functions, a simple task was created to describe how to perform the 
function. The task was composed of a written instruction with a picture showing the 
relevant button on the remote control or screen on the TV. For example, the instruc-
tion for Task 1 was:  

“Use the Channel button to change the channel a few times.” 

 

 
 

2.5   Response Time Profiles 

Four response-time profiles were used. Each profile defined the system response 
times for the 18 functions in Table 1. Profile A, having the shortest response times, 
was simply the actual response times for the 18 functions in the IPTV system. Profile 
B was approximately2 2 times (2x) the Profile A response times. Profile C was 3x and 

                                                           
1 Functions 15-18 are not common, but are of specific interest to Microsoft. 
2 Table 1 shows mean response times based on a sample of 3 measurements. 
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Profile D was 4x. Profiles B, C and D were implemented by adding a time delay to 
each function in the IPTV system. For example, the system response time to change 
channels in full-screen TV (Function 1) was 0.4, 0.7, 1.2 and 1.6 seconds, respec-
tively, for profiles A, B, C & D. In comparison, the overall mean response times for 
the comparable functions in the TiVo Series 2, DirecTV DVR and Comcast iGuide 
are 0.95, 0.96, and 0.73 s, respectively. The correlation coefficients between the re-
sponse times for the comparable functions in the IPTV system and the TiVo Series 2, 
DirecTV DVR and Comcast iGuide are 0.33, 0.44 and 0.81, respectively. 

2.6   Procedure 

Participants were run individually in a usability lab for about 2 hours. They sat on a 
sofa 10’ (3 m) from a 32” (81.3 cm) diagonal TV. They used a remote control to con-
trol the IPTV system. Half the participants read the task instructions on a laptop com-
puter screen. The other half read the same instructions printed on sheets of paper. 

Participants first completed a free-form comment session and then completed 4 ac-
ceptability rating sessions. In the free-form comment session, participants completed 
each of the 18 tasks 2 times. The tasks were grouped together into logical activities 
indicated by the letters a-g in Table 1. For example, participants performed the tasks 
in the order: 1, 2, 1, 2, 3, 4, 3, 4, 5, 6, 7, 8, 5, 6 … and so on. They were asked to 
“think aloud as you explore this new TV system.” They were told nothing about the 
true purpose of the study and response time was not mentioned. The 16 participants 
were randomly divided into 4 groups of 4. Each group used a different response time 
profile during the free-form comment session. 

Following the free-form comment session, each participant completed 4 acceptabil-
ity rating sessions, each session corresponding to a different response time profile. 
Each of the 4 groups of participants completed the 4 acceptability rating sessions in a 
different order following a 4x4 balanced Latin Square.  

During each acceptability rating session, participants completed each task 3 times 
in the order described above. After the third time, they rated the acceptability of the 
function’s system response time on a 9 point scale (Table 2.) They were told to “rate 
how acceptable the function’s response time would be if you were using it at home.” 

Table 2. System Response Time Acceptability Rating Scale 

1 Extremely unacceptable 
2 Largely unacceptable 
3 Moderately unacceptable 
4 Slightly unacceptable 
5 Neither unacceptable nor acceptable 
6 Slightly acceptable 
7 Moderately acceptable 
8 Largely acceptable 
9 Extremely acceptable 



 Acceptable System Response Times for TV and DVR 51 

3   Results 

3.1   Free-Form Comments 

During the free-form comments session, comments about the system response time, 
either positive or negative, were noted. Also noted were errors related to response 
time (e.g., pressing a button extra times.) The results are shown in Table 3. 

Table 3. Total number of participants with response-time-related comments and errors for each 
response time (RT) profile (Four participants used each profile.) 

Number of People Com-
menting about System 

Response Time 
RT Profiles Negatively Positively

Number 
of People 
Making 

Response 
Time Re-

lated  
Errors 

A 0 2 0 
B 1 1 1 
C 4 0 2 
D 4 0 3 

The people who experienced the response time profiles C and D, the two slowest 
profiles, all had negative comments about response time and no positive comments. 
Profiles A and B, the two fastest profiles received 3 positive and 1 negative comment 
concerning response time. An X2 test for non-equal distribution (among profiles) of 
people, who had negative comments, was not significant X2(3) = 6.25, p>0.05.  An X2 
test for non-equal distribution (among profiles) of people, who made response-time-
related errors, was not significant X2(3) = 7.5, p>0.05. 

3.2   Acceptability Ratings 

Each participant rated, on a 9-point scale, the acceptability of the response time of 
each of the 18 functions for four different response time profiles. The ratings were 
analyzed using Analysis of Variance (ANOVA). Two of the functions, 3 and 14, (See 
Table 1) were eliminated because some people misunderstood what aspect of the sys-
tem response time of the function they needed to rate. 

The mixed ANOVA model included 2 between-subjects factors: Type-of-TV-at-
Home (analog vs. digital) and Type-of-Task-Instruction-Media: (computer vs. paper). 
There were 2 within-subjects factors: Response Time Profile (4 profiles) and Function 
(16 functions.) 

The effect of Response Time Profile was significant3 F(2.1, 24.7) = 38.2, p<001. 
The mean ratings for profiles A, B, C and D were 8.1, 7.0, 5.4 and 3.8 respectively. 
Overall, the shorter the response time was, the higher its acceptability was rated. 

                                                           
3 Using the Huynh-Feldt correction.  
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The effect of Function was significant F(9.5, 113.9) = 8.4, p<001. Different func-
tions were given different overall response time acceptability ratings.  

The interaction of Response Time Profile and Function was significant F(21.6, 
259.6) = 2.78, p<001. The pattern of ratings across functions depended on the re-
sponse time profile. No other effects were significant. 

The mean response time acceptability ratings for each function for each response 
time profile are shown in the Appendix as individual graphs. All 16 functions had 
significant linear trends. No higher-order trends were significant. The best-fit straight 
line is plotted on each graph.  

Another ANOVA was done to examine the effects of practice on acceptability rat-
ings to see if the overall ratings changed over the 4 rating sessions. This ANOVA was 
the same as the one described above except that the 4 rating sessions were included as 
a within-subjects factor instead of the 4 response time profiles. There was no signifi-
cant difference between rating sessions and the rating sessions factor did not interact 
with other factors. Thus, there was no systematic change in people’s ratings over the 
rating sessions. 

4   Discussion 

The free-form comments session was intended to provide an absolute measure of ac-
ceptability of the different system response time profiles. It was a blind procedure in 
that participants didn’t know that response time was of any interest in the study. Yet, 
all 8 participants in the two slowest response time conditions (profiles C & D) com-
mented negatively on the response time, whereas only 1 of 8 participants in the two 
fastest conditions (profiles A & B) commented negatively on response time. Although 
not statistically significant, this result suggests that if a TV system achieved response 
times at least as fast as profile B, that people would not perceive it to be slow. 

During the free-form comments session, participants were also observed to make 
various errors, particularly in the slower response time conditions (profiles C & D). 
For example, people commonly mistyped channel numbers. Five of 8 people in the 
two slowest conditions (C & D) made response time related errors, whereas only one 
of 8 people in the two fastest conditions made such errors. These errors were gener-
ally correlated with people’s negative comments. 

The acceptability rating sessions were intended to provide specific response time 
acceptability criteria for each of the 18 functions. These are presented as individual 
graphs in the Appendix. The graphs can be used to determine the response time that 
corresponds to a given acceptability rating for each function. 

For example, if an engineer adopted a rating of 8 (Largely acceptable) as the target 
response time acceptability criterion for a TV system, the corresponding target re-
sponse time to change channels (function 1) would be about 0.5 seconds.  

How well would these results generalize to other TV systems? These findings 
would seem likely to generalize to other similar TV systems because different sys-
tems share many functions. For example, most systems have an “info” button that 
when pressed displays a screen of information about the selected TV program. How-
ever, there are differences in the way functions are implemented on different TV  
systems that could affect people’s perception of response time. For example, some  
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systems give immediate auditory or visual feedback when a button is pressed that oc-
curs before the actual function is performed. Some systems have animated screen 
transitions. Some systems repeat when a button is held down. Any of these differ-
ences could affect people’s judgment of acceptable response time for a specific func-
tion. To generalize the current findings to another TV system, one should make sure 
that the salient aspects of the functions of the two systems are similar. If the two TV 
system’s functions are too dissimilar, one could still use the current methodology to 
test the other TV system. 

People’s expectations were predicted to play a significant role in their judgments of 
acceptable system response times. Thus, participant’s TV system at home (digital vs. 
analog) was included as a factor in the study. Since analog TV users don’t have cer-
tain functions (e.g., EPG), they may not have strong expectations concerning those 
function’s response times. However, there was no significant difference between the 
overall acceptability ratings for people with digital (6.0) vs. analog TV (6.1) or be-
tween their patterns of ratings for the different functions.  Also there was no evidence 
that people’s overall ratings changed over the 4 acceptability rating sessions. These 
results suggest that the effects of expectation on acceptability judgments of a func-
tion’s response time are much smaller than the effects of the actual response time.  

In summary, this study provides both data and methodology that may be used to 
determine acceptable system response times for TV functions. 
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Appendix: System Response Time Acceptability Ratings for 
Common TV Functions 
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8. Arrow Right In Guide
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Abstract. Interactive television dramas have long promised to deliver 
entertaining experiences. In practice, however, successful interactive television 
dramas are rare. This paper suggests that the fault lies in attempts to abandon 
narrative structure in favour of interactive freedom and hypothesized that a 
model of interactive drama which encases interactivity within a strong narrative 
structure would be successful. This hypothesis can be seen as part of a larger 
research goal of which this paper represents the first step. This paper attempted 
to establish that the addition of interactivity to a narrative could enhance 
audience enjoyment. In order to test this hypothesis a research experiment was 
conducted which directly compared an interactive television programme to its 
linear counterpart. The research tested 180 participants and attempted to 
ascertain the differences in the viewer experience. The research found overall 
significantly higher averages in entertainment, appetite, immersion, and 
empathy among those who viewed the interactive television drama.  

Keywords: Interactive Narrative, Interactive television, Drama, Audience 
Research. 

1   Introduction 

The television landscape has changed more dramatically over the last few years than 
in its entire 50 year history. Television can now be distributed and consumed in a 
myriad of ways, ranging from Internet Protocol Television (IPTV) through to mobile 
TV. “Traditional media services are being challenged by new digital technologies 
resulting in the emergence of new players, content, services and delivery platforms.” 
(DCITA report 2006: P.3). 

The television industry is beginning to recognize this changing landscape by 
acknowledging that new forms of distribution and consumption need to be met with 
new forms of content creation. Television content needs to capatilise on its new 
interactive, personalizing and content sharing capabilities.  

It is in this new television environment that we can revisit the genre of interactive 
drama. Interactive drama, as a concept, has long promised many exciting possibilities 
for enhancing audience enjoyment by bringing together the interactive pleasures of 
gaming and the enjoyment of storytelling. “Immersive interfaces provide a great sense 
of presence and freedom while narration or narrative structure allows an author to 
weave an engaging presentation. The hope is, that by bringing together the best of 
these compelling experiences, a new type of experience can be made and that this new 
experience may even be more compelling…” (Gaylean 1995: P.19) 
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While there has been a litany of one-off interactive drama projects, the genre has 
yet to fulfill its promise. There is very little audience research which has been able to 
ascertain why such projects have failed. 

Some argue that the reason for the failure of previous interactive projects lies in 
interactivity’s innate incompatibility with story structure and suggest that interactive 
narratives are simply an attempt by narrative theorists to colonise new interactive 
media. “As a theory, this narrativistic colonialism might seem aesthetically 
problematic (Aarseth 1997, chapter six), as well as technologically unachievable 
(Bringsjord 2001)…” (Aarseth 2004: P.49) This paper does not suggest that new 
media technology will not be met by new forms, but that to dismiss story as being 
incompatible with interactivity is premature and short sighted. 

Instead of abandoning the notion of narrative structure as incompatible with newer 
interactive technologies; this paper hypothesizes that a successful model of interactive 
drama is one which encases interaction within a strong narrative structure. 

Such a model was found to be the most effective in research conducted at the 
Interactive Television Research Institute (ITRI) of Murdoch University. In working 
with Nike in 2001 to create an interactive narrative-based advertisement, it was found 
that the most effective model was one which allowed for interaction which did not 
compromise the narrative structure of the advertisement. 

This model, which ITRI dubbed the ‘yo-yo’ structure of interaction, is a branching 
form of interactive narrative which allows the audience to interact but which always 
uses bridging storylines so as to bring the audience back to the central storyline. In 
this way the ‘yo-yo’ structure accommodates structured interaction which allows the 
audience a sense of agency without negating the narrative structure of the overall 
story. Similar structures of interactive narrative have also been outlined by Meadows 
(2003) as the “nodal plot structure” (P.64) and by Garrand (1997) as the “branching 
from scenes” structure. The main difference between Meadows’ (2003) and Garrand’s 
(1997) structures and the ‘yo-yo’ structure is the identification, in the ‘yo-yo’ 
structure, of the bridging scene. The diagram below outlines the ‘yo-yo’ structure at 
the first point of interaction. 

Main Story

Branching

Scene

Bridging

Scene

Main Story

Branching

Scene

Bridging

Scene
 

In order to begin testing the more long-term hypothesis, that the most successful 
model of interactive narratives would in fact be the ‘yo-yo’ structure, it was necessary 
to first establish that an interactive narrative could successfully enhance audience 
entertainment. Previous audience research in the field has been unable to establish 
whether interactivity could enhance audience entertainment. 

Research by Lee, S; Heeter, C and LaRose, R (2005) comparing an interactive film 
to a linear film in individual and group viewing sessions did not find significant 
differences in terms of interactivity’s effect on viewer enjoyment, story involvement 
and arousal. The authors suggest that the use of a 5-point Likert scale and a small 
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student sample (eighty) may have minimized their ability to find the differences 
between the interactive and linear versions of the film.  

Vorderer, P; Knobloch, S and Schramm, H (2001) conducted audience research on 
the effects of an interactive suspense film on audience entertainment, empathy and 
suspense. This research tested three versions of the suspense film; no-involvement, 
low-involvement and high- involvement. The findings suggest that interactive 
narratives may only increase entertainment among those viewers with higher 
cognitive capacities. This research is problematic, however, in terms of its definition 
of a participant’s cognitive capacity. Participants were judged as having higher 
cognitive capacities based partly on their response times during the interactive film. 
The research suggests that cognitive capacity is a correlate of intelligence, or 
cognitive capacity, and cites Neubauer’s (1990) research on psychometric testing  
(P. 349). The use of response times as an indicator of intelligence is problematic as 
Neubauer suggests that while response times among those with higher cognitive 
capacities are faster in simple tasks, this is the opposite in terms of more difficult 
tasks. (1990: P.151) It is difficult to determine whether asking an audience to consider 
the direction of a narrative can be considered a simple or difficult task, and thus it is 
problematic to judge an audiences’ response times as indicative of their cognitive 
capabilities. Vorderer, P; Knobloch, S and Schramm, H (2001) do not report any 
significant differences between those participants in the no-interaction; low-
interaction and high-interaction groups without this measure of cognitive capacity and 
thus questions still remain on the effects of interactivity on the general audience. 

In order then to establish that interactivity could enhance audience entertainment, 
as the first phase of a research goal to study interactive narrative structure, it was 
necessary to design an audience research experiment. The research experiment 
directly compared two versions of a television programme, one linear and the other 
interactive, in order to evaluate whether the interactive model could successfully 
improve the audience experience. 

2   Research Methods 

2.1   Design 

A controlled audience research experiment was used to investigate the effects of a 
structured interactive drama on audience entertainment, empathy, immersion, appetite 
and narrative difficulty. The experiment had a 2 X 1 design. There was one between-
subjects condition: Interactivity with two levels- the interactive programme vs. the 
control [linear] programme.  

2.2   Developing the Interactive Drama Programme  

The need to build the research instrument for the research experiment required the 
production of an interactive drama programme from scratch or the use of existing 
content. Existing content did not, however, exist within the confines of the specific 
research needs. Interactive television drama which followed the ‘yo-yo’ structure, which 
this paper hypothesized would be the most successful, was not readily available for use. 
Thus the need arose to explore producing original content. When combined, however, 
with the demands associated with the research aspect of the study, it became clear that 
the production of an original interactive drama would transcend the scope of the study. 
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Thus it became evident that a hybrid solution was necessary in order to create an 
interactive television programme that could conceivably be viewed on television. 

Accessing medium fidelity animation provided an alternative, given the high 
quality of computer console games it appeared feasible that the interactive content 
could be produced drawing on animation extracted from games. Thus the hybrid 
solution that was eventually used for the research instrument used the animation from 
a playstation game edited into a television drama. The console game used in the 
research instrument was True Crime: Streets of LA.   

Interaction within the programme centered on the decisions of the main character, 
Nick. Thus the audience would be given choices that were presented to Nick 
throughout the narrative, for example the choice of whether to shoot Rosie’s 
kidnapper or whether to negotiate with him. Following each decision the audience 
would be shown a branching scene, for instance Rosie’s kidnapper being shot, before 
the drama would bridge back to the central storyline. 

Another factor in deciding the form the interactivity would take was the source 
material itself. Since the research instrument was not created from conception, but 
instead used the animation from an existing game, the possibilities of interaction 
points within the narrative were not endless. The game lent several possibilities where 
sufficient footage allowed for points of interaction- of these points there were five that 
were selected as they were determined to be meaningful interactions which showed 
sufficient change, but which also allowed us to take the audience back to the main 
storyline. The total running time of the drama was 30 minutes. 

2.3   Procedure 

Participants were drawn from the ‘TV Panel’ database at the Interactive Television 
Research Institute (ITRI) of Murdoch University, Australia. This is a panel made up 
of a wide spectrum of the public who regularly participate in studies at the Institute. 

180 members of the TV Panel were first allocated to three age groups: 18 to 34 
years old, 35 to 54 years old and 55 yeas old or older. These groups were further 
divided along gender lines (male/female) to create six equal demographic categories. 

Participants viewed the television programmes within ITRI’s Audience Research 
Labs where identical rooms simulate an ordinary living room. Prior to the beginning of 
the viewing session participants were told that they were about to view a drama, which 
they were to imagine was the pilot episode for a new television series that was being 
considered for production. Participants were also told that while the pilot episode was 
animated- if the series was commissioned then live actors would be used. Those 
participants within the treatment group were then given further instructions on how to 
interact with the programme using the red and green buttons on their remote control. 

After viewing the programme participants were asked to fill in a pen and paper 
questionnaire.  

2.4   Measures 

Measurements were collected with a post-test questionnaire. Many of the 
questionnaire scales were adapted from the advertising and marketing sector, which 
has a more established tradition of testing for entertainment. Thus several of the 
questions within the survey were adapted from the marketing scale developed by 
Lastovika (1983: P.294/5). 
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Measurements for audience immersion were derived from literature by Green and 
Brock (2002: P.324) on the symptoms of audience immersion.  

In order to cater towards television programming, and the interactivity within the 
treatment version, further questions were developed by the researchers specifically for 
this study. All questions, then, asked the participants to rate their opinion to a 
statement on a seven point Likert scale- with 1 being strongly disagree and 7 being 
strongly agree. 

3   Research Hypothesis 

The research hypotheses have been outlined in terms of each of variables to be tested. 
The variables are derived from a literature review; the following table outlines each of 
these hypotheses formally. 
 

Hypothesis 1 The interactive drama will deliver a higher entertainment 
value to its audience when compared with the linear drama. 

Hypothesis 2 The interactive drama will deliver a more immersive 
experience for its audience when compared with the linear 
drama. 

Hypothesis 3 The interactive drama will deliver a greater appetite for the 
programme content than the linear drama. 

Hypothesis 4 Participants viewing the interactive drama will have greater 
empathy for the main character, than those participants viewing 
the linear drama. 

Hypothesis 5 Participants viewing the interactive drama will not find the 
narrative more difficult to comprehend than those viewing the 
linear drama. 

4   Research Results 

4.1   General Findings 

The chart below outlines the mean scores of the variables of entertainment, appetite, 
immersion and narrative difficulty for each of the treatment and control cells. 
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When looking at the differences between the treatment and control groups as a 
whole, the results are promising for interactive dramas. As a whole the interactive 
version proved to have significantly higher entertainment (.024 p value), immersion 
(.005 p value) and appetite (.017 p value) scores. The highly significant empathy 
score (.008 p value) also suggests that this form of interactivity, where the audience 
chooses the course of action for the main character, may increase empathy even further. 
Concerns of narrative difficulty seem to be unfounded, as the results show no significant 
differences between the groups in terms of narrative difficulty (.483 p value). 

4.2   Gender and Age Effects 

The research hypotheses did not take into account the possibility of varied gender and 
age results. These are, however, perhaps the most interesting aspect of this research. The 
research suggests that there is a significant age and/or gender effect occurring in the 
variables of entertainment, appetite and immersion. These results are outlined below. 

The table below outlines the significant gender and age effects: 

VARIABLE EFFECT P VALUE 
Entertainment 18-34 year old men were significantly 

more entertained by the treatment version 
than by the control version. 

bonferroni corrected 
p value= .00250 

Entertainment 35-54 year old men were significantly 
more entertained by the treatment version 
than by the control version. 

bonferroni corrected 
p value= .00294 

Entertainment 35-54 year old women were significantly 
more entertained by the control version 
than 35-54 year old men. 

bonferroni corrected 
p value= .00250 

Appetite Women, aged 35-54, had significantly 
higher appetite for the control version 
over the treatment version. 

bonferroni corrected 
p value= .00263 

Immersion 35-54 year old men were significantly 
more immersed in the treatment version 
than in the control version 

bonferroni corrected 
p value= .00333 

Immersion 
 

35-54 year old women were significantly 
more immersed in the control version 
than 35-54 year old men. 

bonferroni corrected 
p value= .00313 

Immersion 18-34 year old women were significantly 
less immersed in the control version than 
35-54 year old women. 

bonferroni corrected 
p value= .00357 

There were no significant age and gender effects within the variables of empathy 
and narrative difficulty.  

When looking at the control versus the treatment group it seems that two particular 
age/gender cells showed more significant differences than any of the others. These 
were men aged 18-34 and men aged 35-54. Within these demographics there are 
significant differences between the control and treatment versions. This would 
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suggest that these two demographics are more open to interactivity and thus this has 
led to a greater enjoyment of the treatment version over the control version.  

This greater enjoyment of the treatment version could be due to the fact that men 
within these age groups are more likely to be gamers and thus are already quite adept 
at interacting. “However, digital gaming has often been viewed, in both the media and 
academia, as a traditionally male preserve (Cassell and Jenkins, 2000).” (Crawford, G 
2005: P.260) 

Another possible factor is remote control use. Men are far more likely to dominate 
the remote control in the home and to use it more frequently. (Eastman,S & Newton, 
G 1995; Krugman, D, Cameron, G, White-McKearney, C 1995) “In fact, research 
consistently reveals that males dominate the remote control and are more likely to be 
in control of the TV remote control device.” (Frisby, C 1999: P.60)This suggests that 
men would thus be more comfortable when called to use the remote control to 
interact.  

4.3   Interactive Variables 

The diagram below outlines how the participants felt about the interactivity in terms 
of its effect on their sense of entertainment, appetite, immersion and narrative 
difficulty. 

 

4.4   Age and Gender Effects: Interactive Variables 

The research shows an interesting contrast in terms of gender and age effects. While 
there seems to be a significant gender effect between the control and treatment 
groups, this effect does not exist in terms of the variables connected to interactivity. 
In fact all the demographics scored interactive entertainment highly with mean scores 
hovering around the 5 point mark. This suggests that while all gender and age groups 
enjoyed interactivity- this enjoyment only carried over into general enjoyment of the 
programme for men aged 18-34 and men aged 35-54.  

The reasons for this could be multiple. But a strong reason may be the programme 
genre itself. The programme was an action crime genre with a strong lead male 
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character, in this way it was already more likely to be enjoyed by males. The leanings 
of certain genders to certain genres are a widely acknowledged and well reported 
phenomenon. (McCarty, J & Shrum, L 1993; Oliver, M 2000; Fishchoff, S; Antonio, 
A; Lewis; D 1998) Thus men were perhaps already more open to liking the 
programme, and were thus more receptive to the interactivity. Women and the older 
age group of men were less receptive to the programme initially, perhaps, and this 
may have led to the interactivity being less effective in terms of programme 
enjoyment as a whole.  

The only age group which showed a significantly different score (p value .003) in 
terms of the interactive variables was men aged 55+ within the variable of interactive 
appetite. The data in this study suggests that while the 55+ age group enjoyed the 
ability to interact they did not have an appetite for increased interactivity. 

5   Future Studies 

The contrast between there being significant gender and age effects between the 
control and treatment groups but not within those interactive variables suggests the 
need for further research in this area. This contrast could suggest that in order for 
interactivity to improve an audiences’ overall enjoyment of a programme; that 
programme must first appeal to the audience demographic. Thus a future study could 
address this issue by perhaps testing different genres of interactive programmes, with 
their linear control counterparts, to see if this would change the demographic effects. 

Another future study to consider would be one which compares different 
approaches to narrative structure. This study assumed a more structured interactive 
narrative to be better, but this was not tested within the realms of the study. Thus the 
issue of structure, an issue of contention within the field of interactive narrative, needs 
to be tested. 
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Abstract. Elderly people often experience difficulties using interactive TV. 
This paper presents the findings of a usability evaluation study in combination 
with eye-tracking conducted for an information oriented interactive TV 
application. We explored two user groups: elderly users (50 years and above) 
and users between 20 and 30 years of age. Our focus was on how elderly people 
perceive and interpret a navigation oriented iTV application. Apart from the 
standard usability data we used eye-tracking data to gain more insight on why 
iTV usage seemed to be more difficult for the group of elderly.  

Keywords: interactive TV, usability evaluation, eye-tracking, elderly. 

1   Introduction and Background 

New technologies often exceed the capacity of humans especially of elderly people, 
as the technological development is very rapid. It can be imagined that the deficit due 
to the aging process can lead to a larger gap between certain technologies and users in 
the case of elderly people compared to younger people. This is especially relevant for 
interactive TV (iTV), as elderly people represent a large TV viewing group, which is 
often less familiar with the practices of today’s information presentation [2].  

In this paper we report on a usability evaluation study within the iiTV@home 
(information oriented interactive TV at home) project. The project mainly focused on 
the development of new forms of news and information oriented regional iTV 
services. This usability study was conducted in February 2006 and aimed to evaluate 
the application prototype with two different user groups. We compared young people 
(aged between 20 and 30 years) with elderly people (older than 50 years of age). We 
focused on how elderly people compared with younger people perceived and 
interpreted a navigation oriented iTV application. Moreover, we used eye-tracking to 
further explore difficulties in task completion for the group of elderly people.  

Eye-tracking is a technique where individual’s eye movements are measured to 
find out where a person is looking while conducting a task. “Tracking people’s eye 
movements can help HCI researchers understand visual and display-based 
information processing and the factors that may impact upon the usability of system 
interfaces” [10]. Measures most commonly used are the number of fixations and the 
mean fixation duration, gazing time and saccade rates [10]. The number of fixations 
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in each area of interest (AOI) is said to be negatively correlated with search efficiency 
and task efficiency [6]. Jacob et al. [6] reviewed 21 studies that have involved the use 
of eye-tracking in usability evaluations. They demonstrate the broad range of 
measures that can be used as well as the difficulties related to the conduction of such 
studies. “The generally accepted assumption behind eye-tracking is that of a direct 
correspondence between where people look and where they focus their attention. 
Thus, by examining people’s eye movements, we can gain insight into their 
attentional processes and learn more about what they find important, interesting, or 
confusing” [1]. For a comprehensive overview on the theory and practice of eye-
tracking see also Duchowski [3]. However, there are still a lot of open questions 
regarding the usefulness of eye-tracking in general, and which measures to use in 
particular [11]. We believe in the useful contribution of eye-tracking data to standard 
usability data, especially to underpin problem areas identified during the usability 
study. In the presented study, we used the eye-tracking data to understand user’s 
difficulties during task performance in more detail.  

Our hypothesis was that elderly people have more problems than young people 
when navigating through the application interface of the iTV application prototype, in 
terms of task duration times and search behaviors. We assumed that elderly people are 
slower in understanding the navigation concept than younger people. Both user 
groups had only limited experience in using PC and Internet. To prove our hypothesis 
we performed a usability evaluation study with this two target groups.  

We based our usability evaluation study on standard usability data and eye-
tracking. We used the ClearView eye-tracking software for analyzing the data. We 
represent the areas of the screen receiving either more fixations or receiving the 
longest dwell times in a color-coded “hot spot” image of the interface. The closer to 
red the hot spot image is the more fixations occurred in an area of the interface and 
intensity decreasing with movement down the spectrum. Also “gaze plot” images are 
analyzed, which deliver feedback on participants’ searching behavior while 
performing a task. We also decided to use the thinking aloud method during the 
usability evaluation study to help in understanding the difficulties of the participants 
while performing the task, even though it is sometimes recommended not to use the 
two methods in combination, as they make people self-conscious and not behave 
naturally [4]. We decided to use thinking aloud, because people are used to talk while 
watching TV and performing iTV [7].  

2   Usability Evaluation Study 

The goal of this usability study was to evaluate design and navigation of an 
interactive news application with two different user groups and to show that eye-
tracking can deliver additional data to the defined problem areas and can support the 
definition of design recommendations.  

2.1   Tested Application 

An information based iTV application was tested. It was an MHP based application 
also using broadband Internet over the cable network as a back channel for dynamic 
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content delivery (e.g. news updates each 5 to 10 minutes). The user interface was 
developed around a simple navigational concept using up/down, left/right and color 
keys as well as the OK button. The content for the news application was provided by 
the local newspaper. Figure 1 shows some screenshots of the evaluated application. 

     

Fig. 1. Two screenshots of the tested application. On the left the main menu showing 
the start page of the iTV Portal and on the right a submenu in the news rubric. 

2.2   Participants 

Sixteen people were recruited to participate in the usability evaluation study. Two 
different user groups, each with eight participants, were selected to test the iTV 
application. The first group of people was between 20 to 30 years, with some PC and 
Internet experience, and the second group was elderly people older than 50 years with 
no or minimal PC and Internet experience. For each group we selected four female 
and four male. The participant’s age ranged between 22 and 66 years, with a mean of 
25.3 years within the first group and 58.6 years in the second group. The average 
usage of the PC ranged between two and four hours per day, whereas two persons did 
not own a PC (59 and 66 years old participants) and seven use the PC only about two 
hours a day. From each group we additionally selected two female and two male (in 
sum eight participants) to test the application also with eye-tracking. We used the 
Tobii X50 eye-tracker (see Figure 2, on the left). 

     

Fig. 2. Set up with eye-tracking (left) and without eye-tracking (right) 

All participants, apart from 1 (male, 66 years old) had also experience with 
teletext. Nine participants (7 younger and 2 elderly participants) are using teletext on 
a daily basis for getting the newest program information. Six participants (mainly the 
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elderly participants) are using teletext only from time to time to get informed about 
the upcoming programs, when they have no program magazine at home or to quickly 
check specific information (e.g. weather, lotto numbers, etc.).  

2.3   Test Set Up 

The domestic setting of TV consumption is complex and difficult to emulate in all its 
facets [9]. We created a living room experience in our lab by putting in a couch, some 
plants, and in the tests without eye-tracking we also positioned a table with drinks, 
snacks and magazines in the lab. Each person was tested alone (see Figure 2).  

For the usability evaluation study the
participant was seated on the couch with
two meters distance to the TV screen. 
The eye-tracking device was placed in 
front of them on the table, with no more
than 60 cm distance to the user’s eyes.
Additional to the eye-tracking, the 
participant’s behavior and usage of the 
remote control during the test was
recorded by three cameras. Figure 3
shows the recorded camera perspectives
and the recorded TV screen.  

Fig. 3. Test set up for the usability study 
with three cameras and the TV screen 

2.4   Procedure 

The participants were briefly introduced about the usability evaluation study and were 
asked to think aloud. They answered some preliminary questions regarding their TV 
usage, how many hours they watch TV per day, what they use it for, and which other 
digital media they are using. Following these steps the eye-tracking system was 
calibrated using five points on the screen and two example stimuli to familiarize the 
participant with the device and to try to find best position on the couch, so that the 
tracking works well. Eight of the participants were wearing eye-glasses and two 
participants had lenses. The calibration was acceptable for all users.  

The usability study included 6 tasks. Task 1 was to open the iTV application and to 
find traffic information. This task should demonstrate a typical situation at home, 
where people would like to use the iTV application while watching TV. In task 2 we 
focused on the navigation concept of the application. The task should show if people 
are able to find an article in a more complex sub-structure and if they recognize the 
possibility to use the navigational cues and color keys to solve the task. Task 3 was 
also concerned with the navigational aspects of the application. Task 4 focused more 
on the design details of the application interface. The main goal of this task was to 
evaluate the additional information visible on the screen, like finding article number 
30 in a certain news area. We wanted to know if people see the information about the 
article (like article number or amount of pages). For these tasks we expected eye-
tracking data to explain emerged difficulties during the test. Task 5 was more 
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concerned with switching between the iTV application and the TV. In the last task the 
participants had to find the daily horoscope and then to leave the application. The 
purpose of task 6 was to get user feedback about the labelling of menu and if they are 
able to envisage where to find the proper information.  

After each task people where first asked to rate the difficulty of the task completion 
on a scale from 1 to 5 (where 1 is very easy and 5 is very difficult). Second they were 
asked to give feedback on how to improve the application. At the end of the test, each 
participant had to fill out a standard usability score (SUS) questionnaire and a 
questionnaire to address user experience (based on the AttrakDiff [5]). Finally they 
were asked some questions about their general impression of using the iTV 
application, about their orientation and navigation within the platform, what they 
remembered most of the services and information and how the system should be 
improved from their personal perspective to better fit their expectations. 

2.5   Results 

The following table gives an overview of the number of tasks successfully solved, the 
tasks solved with help (help was defined for each task), and tasks not solved or not 
solved at all due to exceeding the time limit for each of the two user groups.  

Table 1. Overview of solved tasks and their ratings (split for each of the two user groups) 

Participants aged between 20 and 30 years 
 

Task 
Solved Solved with 

help 
Not solved Rating 

(Mean/SD) 
T1 7 1 0 1.25 (0.46) 
T2 7 1 0 1.75 (0.71) 
T3 8 0 0 1.63 (0.74) 
T4 8 0 0 1.75 (0.71) 
T5 8 0 0 1.13 (0.35) 
T6 8 0 0 1.38 (1.06) 
 
Participants older than 50 years old 

 
Task 

Solved Solved with 
help 

Not solved Rating 
(Mean/SD) 

T1 4 4 0 2.25 (0.71) 
T2 2 4 2 2.50 (1.31) 
T3 6 2 0 2.25 (0.89) 
T4 6 2 0 2.00 (0.76) 
T5 7 0 1 1.63 (0.52) 
T6 8 0 0 1.38 (0.52) 

Table 1 shows that five participants (one young and four elderly participants) 
solved task 1 only with help from the test leader. Especially the elderly participants 
searched on the remote control an “iTV” key or pressed the menu key and entered the 
set top box menu to start the iTV application. To open the application, participants 
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had to press the blue color key on their remote control which was visualized as blue 
button (rectangle – see Figure 4) in a transparent horizontal bar on the bottom of the 
TV screen. After 1.30 minutes of searching and exploring wrong ways, the test leader 
gave them the hint “to focus not too much on the remote control only, but to look 
more carefully on the TV screen.” 
 

 

Fig. 4. Screenshot of the TV screen with the
information bar on the bottom to access the
iTV application (by using the blue color key
on the remote control) 

 Fig. 5. Gaze plot showing user’s eye move-
ments while performing task 1 – open the iTV
application. First fixation on the blue button,
but the participant continues searching. 

 
Participants explained they did not use the blue key on the remote control to open 

the application, because they did not associate the interface element on the TV screen 
with the blue color key on the remote control. One participant also explained his 
behavior with the comment: “I saw that there is something blue on the screen, but I 
couldn’t read it… so it didn’t make sense to me at that time” (66 year old man). 

The eye-tracking data support this statement by showing that people looked at the 
blue button on the screen without recognizing its meaning; because they continued 
their search on the left upper side of the TV screen (see gaze plot image in Figure 5). 
This supports existing research on eye movements on homepages whereby “eyes most 
often fixated first in the upper left of the page, then hover in that area before going 
left to right. Only after persuing the top portion of the page for some time did their 
eyes explore further down the page” [12].  

Moreover, we compared the time to first fixation for the two user groups. The 
younger group ranged from 849 to 10992 ms compared to the elderly group ranging 
from 4662 to 21761 ms. Time to first fixation typically shows where people put their 
first focus and what kind of interface elements attracted them. The longer fixation 
time for elderly people shows, that they could not find a common interface element to 
focus on. We defined additional two major AOIs (areas of interest) – “information 
bar” and “TV screen” – for the first part of task 1 (namely “open the iTV 
application”) and also looked at the amount of fixations as well as on the average 
fixation duration in each user group. Data indicates that the amount of fixations is 
higher for the group of elderly. We compared the average number of fixations per 
second showing that elderly and younger people do not differ in the average number 
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of fixations. Elderly people are able to explore the interfaces as fast as younger 
people, but less accurate. Interesting is the fact, that elderly users tended to return 
from the area of the information bar to the TV screen in task 1 around 50 % of all eye-
tracking movements. The group of younger participants did not return at all to the TV 
screen area, after looking at the information bar. It clearly indicates that the group of 
elderly people had difficulties to understand and interpret the information bar. 

The task showed that especially elderly participants were not able to immediately 
associate the entry button (named “ZUM ITV”, which means “to the ITV”) in the blue 
box on the right bottom of the TV screen with the blue key on their remote control. 
Table 2 illustrates the time participants needed to complete the different tasks in the 
usability study.  

Table 2. Allowed and needed time per task for each of the two user groups 

Participants aged between 20 – 30 years 
 

Task 
Maximum 

time allowed 
per task 

Average time 
per task 

Minimum 
time needed 

per task 

Maximum 
time needed 

per task 
T1 360 sec 47.75 sec 21 sec 138 sec 
T2 480 sec 75.38 sec 43 sec 111 sec 
T3 480 sec 65.63 sec 40 sec 93 sec 
T4 480 sec 41.50 sec 20 sec 93. sec 
T5 360 sec 41.75 sec 35 sec 56 sec 
T6 360 sec 38.88 sec 22 sec 98 sec 
 
Participants older than 50 years old 

 
Task 

Maximum 
time allowed 

per task 

Average time 
per task 

Minimum 
time needed 

per task 

Maximum 
time needed 

per task 
T1 360 sec 169.63 sec 37 sec 251 sec 
T2 480 sec 293.12 sec 98 sec 502 sec 
T3 480 sec 152.12 sec 90 sec 478 sec 
T4 480 sec 147.37 sec 81 sec 226 sec 
T5 360 sec 120.87 sec 43 sec 385 sec 
T6 360 sec 53.50 sec 37 sec 81 sec 

In task 2 the main difficulties for the group of elderly was the usage of the 
navigational keys and their association with the color keys in the applications. 
Participants did not recognize that there was more than one page available on the TV 
screen. They had no PC or Internet experience and were not used to scroll on the TV 
screen. Moreover, the elderly participants were not experienced teletext users (only 
two participants mentioned that they use teletext on a daily bases).  

In task 2, almost all participants (14 out of 16) used the up and down keys (article 
per article) to select the article and to go to the end of the three-sided article, which 
was part of the task. Only five participants used the color keys (page up and down) to  
 



 Focusing on Elderly: An iTV Usability Evaluation Study with Eye-Tracking 73 

reach the article and then the end of the article. Interestingly, three of the participants 
who used the color keys were from the elderly group and only two from the group of 
the younger participants. Figure 6 illustrates that an elderly participant did not look at 
the navigation elements (like color keys) on the bottom of the screen compared to the 
eye-tracking data (see hot spots in Figure 7) of a younger participant.  

 

 

Fig. 6. Eye-tracking data (hot spots) from an
elderly test person, who solved task 2 only
with help (color keys were not recognized –
see orange selection) 

 Fig. 7. Eye-tracking data (hot spots) from a 
young test person, who solved the task 2 
without help (color keys were used, quick 
search forward behavior) 

 
Figure 8 and 9 compare the gaze plot images of an elderly and younger participant 

while performing task 4 – finding article number 30 in a certain news area. 

 

Fig. 8. Eye-tracking data (gaze plot) from an 
elderly test person, who solved the task 4 
with help only (additional information 
recognized but not used for solving the task 
– see orange selection) 

Fig. 9. Eye-tracking data (gaze plot) from a 
young test person, who solved the task 4 
without help (straightforward navigation by 
using the additional information on the right 
bottom) 
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Task 3 and 4 tested the navigational aspects of the interface design in more detail. 
Based on the success rates of these two tasks we can state, that young people had no 
further problems to solve the tasks, whereas elderly people (female as well as male) 
had still problems to finalize task 3 and 4. Major problems were related to the font 
size and the color combinations, which made it even more difficult for the elderly to 
read the information (like white font and green background).  

Based on the time used by all the participants to fulfill each task we could see, that 
elderly participants were always slower in their viewing, searching and finding 
behavior than the younger participants. Results of mean time for task solution, 
number of tasks solved, participants rating and several measurements from the eye-
tracking data indicate, that the group of elderly people had more difficulties in solving 
the task, based on the design of the interface and unusual navigation. While the group 
of younger participants quickly learned to use the interface, elderly people had 
difficulties in task completion during the whole usability evaluation study.  

The findings from this usability evaluation study were further considered in the 
development and design of the iTV applications within the iiTV@home project. The 
final information based iTV application was evaluated in a three-month field trial 
with 40 households in the Federal Province of Salzburg.  

3   Conclusion and Outlook  

Interactive TV is of particular interest to elderly people as it would allow them to 
access several services at home [8]. Elderly people represent the biggest group of TV 
consumers, also in Austria, where people older than 60 years are watching TV on 
average more than four hours a day, which is about one hour below the European 
average (see http://mediaresearch.orf.at/). Interactive TV provides the elderly and 
other active viewers with the opportunity to extend their use of the TV to activities 
similar to the Internet. They can browse information, personalize their viewing habits, 
access databases, carry out e-commerce related activities (shopping, banking, betting, 
etc.), ideally also interact with other viewers, and play an increasingly active role in 
broadcast programs.  

Difficulties for elderly people often arise in using and navigating through the 
information provided caused by being less familiar with the conventions of today’s 
information presentation and navigation concepts [2]. The design of iTV applications 
has to consider the cognitive, sensory and physical limitations that many elderly 
people suffer from (e.g. visual impairments). Supported by our usability evaluation 
study, it can be assumed, that the navigation concept and choices of color have to be 
strongly considered when designing for elderly people.  

Eye-tracking has provided to be a useful methodology to evaluate and inform user 
interface design. For instance, we could identify which features (cues) of the user 
interface of the interactive application received more visual attention during task 
performance, which in turn, points to the potential problem areas of the interface, 
especially for elderly people. For example elderly participants had longer times to 
first fixation during solving the tasks than younger participants, indicating that higher 
contrast and font sizes could support elderly people.  
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The usage of metaphors from other information and communication technologies 
should be kept to a minimum as this group may have no prior knowledge of the 
domain. Visual cues should be designed more clearly to avoid errors during eye 
movements. We will work on this area to enhance usability and accessibility of iTV 
services for elderly people not only focusing on design, but also on new interaction 
techniques to support elderly with better screen design and special forms of feedback.  
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Abstract. Contemporary developments in digital and interactive television in 
the UK are reviewed to assess their accessibility implications for viewer/users 
with low vision. Of particular significance is the likelihood of divergence 
between sectors of the population receiving digital television in an enhanced 
form through new broadband distribution (thin client) technology and those 
remaining with older broadcast set-top-box (thick client) technology, 
comprising proportionately more visually disabled viewers. With this second 
segment particularly in mind, and utilising findings from our previous research 
with visually disabled people, we examine the applicability of the W3C web 
accessibility guidelines to interactive television. We conclude that, while 
technical limitations may prevent their wholesale adoption, guidelines relating 
to the display of interactive features, and brightness and contrast may be 
directly interpreted for this medium, whilst other guidelines involving 
magnification and audio equivalence and feedback are highly relevant and 
should inform technical developments in set-top box functionality. 

Keywords: Accessibility, Low vision, Guidelines, IDTV, Set-top boxes. 

1   Introduction 

Accessibility is desirable in systems providing public information and services—and 
its absence can have legal consequences.  For many, a primary source of information 
is television.  The interactive capabilities that digital broadcasting has brought should 
enhance its capabilities. This may be particularly important for those otherwise 
excluded from the ‘e’ world (email, web, etc.) by lack of computing equipment and 
connectivity, but only if it is accessible. Unfortunately in the rush to deliver 
interactive digital television (IDTV) the needs of the visually disabled have not been 
taken fully into account (The Tiresias font for television being a notable exception 
[16]). In section 2 of this paper we review developments with regard to visual 
disability issues. Of particular importance is the move away from broadcast television 
onto broadband and the web. The services offered and underlying technologies are 
increasingly converging with the web.  In section 3 we briefly rehearse the reasons for 
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promoting accessible digital television, referring to the divide being opened up 
between those with access to the newer broadband television services and the older 
broadcast set top box (STB) viewer/users. An information resource where 
accessibility has made considerable progress is the web.  In section 4 we consider the 
applicability of guidelines developed by W3C to IDTV. We conclude with indications 
as to development and application of television guidelines. 

2   Developments in Digital TV 

This section focuses on developments in the UK, where the presence of commercial 
implementations of all DTV technologies reflects the state of the art world wide. The 
past 10 years since the introduction of digital TV in the UK have seen an enormous 
increase in the rate of technical development.  First available via satellite, then cable 
and terrestrial, and in some parts of the country phone line via asymmetric digital 
subscriber line (ADSL), now to be extended much wider through the newly launched 
British Telecom service and BSkyB’s separate broadband add-on.  Each of these 
technical developments confers its own advantages and disadvantages, which from 
the point of view of service subscribers often translates into winners and losers.  The 
original STB systems currently installed should really be though of as a transitional 
technology.  In systems architecture terms they are thick-clients; systems in which 
much processing (particularly rendering and animating interactivity) is done locally.  
Given the continuing advance of Moore’s Law, the difference in memory capacity 
and processing power between the earliest installed STB’s and the latest is enormous.  
However, services must be delivered to both the oldest and the newest boxes; a legacy 
problem that becomes ever more acute for the broadcaster. 

The availability of high bandwidth multicast and unicast transmission together with 
efficient back-channel as provided by ADSL broadband and improved cable provides 
the opportunity to escape the legacy problem by deploying thin clients.  The thin STB 
has only both to render the incoming stream into video and audio, and detect control 
inputs before relaying them back to the head-end.  Interactive elements can be 
generated at the head-end before being encoded in the video stream.  Essentially an 
installed base of thin STB’s is future-proofed, and improvement in service can be 
implemented by enhancing the processing power of the head end; a much more 
manageable task than upgrading thick STB’s in the field.  This method of distribution, 
known as internet protocol television (IPTV) is almost certainly the future of 
broadcast television and its associated interactive services. 

So, who are the losers?  The likelihood is that the demographic segments who have 
not acquired personal computers and internet access will be left behind to continue 
with the older thick STB technology (until it becomes commercially unviable for the 
broadcasters to support).  The quality of interactive services between the two strands 
of technology will diverge widely.  All things being equal, it is likely to be the elderly 
and the economically disadvantaged (who may include a higher proportion with 
disabilities) who are left with the older technology.  There is a double disadvantage 
here in that the newer technology has the capability to significantly enhance both the 
viewing and interacting experience for people with disabilities. 



78 M.V. Springett and R.N. Griffiths 

It must be pointed out that developed technology exists to retrospectively configure 
thick STB’s as thin clients.  This is already in operation in cable systems, and in 
principle could be applied to digital satellite (DSat) STB’s, where necessary with 
additional hardware if the STB does not have a broadband port (though we are not 
aware that BSkyB has any plans to take this option). 

A significant advantage of unicast delivery is the provision of true video-on-
demand, with instant switching of the video stream.  This may well lead to the 
development of interactive applications that move away from the web-on-TV textual 
style of presentation, to a TV style where video and audio carries the content.  Whilst 
this may reinvigorate television interactivity by providing an experience more akin to 
‘natural’ TV (and of the sort most people expected and were disappointed by its lack), 
it may present even more challenges to disabled viewers. 

The TV screen itself has also been developed, with cathode-ray tube technology 
(CRT) giving way to flat screen liquid-crystal and plasma.  These have been rapidly 
upgraded to large high-definition displays.  The accessibility consequences of these 
changes need to be investigated.  It may be expected that they can only be positive, 
but this is not necessarily so.  In general CRT screens are brighter and may have 
better contrast.  Additionally the artefacts of digital compression are more visible on 
high definition screens; this may have accessibility consequences. 

Alongside development of the ‘living room TV’; television has been migrating 
onto the personal computer, and the mobile phone.  On the PC video distribution by 
download and subsequently streaming has been available for some time and has been 
widely exploited by the pornography industry.  The lowered costs of video storage 
and distribution facilities have recently lead to the ‘Web 2’ amateur and copyright 
infringing video ‘communities’ exemplified by You Tube.  However, commercial 
broadcasters are now moving into this field with programme assets streamed or 
delivered by download.  Ironically, interactive enhancements currently do not work in 
this environment, though in principle they can be made to work much better here.  
This goes for accessibility enhancements too. 

On mobile phones, the development of Digital Video Broadcasting - Handheld and 
other broadcast technology promises a new environment for TV consumption.  From 
the accessibility point of view, this may be a mixed blessing.  Depending on the 
disability of the viewer, it may be impossible to use, or allow better access.  For 
example, viewers with peripheral vision defect can hold the handset very near to their 
face and scan the image by moving the handset rather than kneeling in front of the TV 
set and scanning their head across the screen.  The possession of an individual mobile 
TV may actually facilitate group viewing where the visual and auditory settings may 
be best adjusted to support a disabled viewer without irritating other viewers in the 
same room viewing on a conventional TV. 

One final development should be mentioned; the re-emergence of web access via 
the TV through the development of WTVML technology as used in the recently 
launched SkyNet portal.  Here specially developed web sites (coded in WTVML) can 
be accessed via the BSkyB STB back-channel and the inbuilt WTVML micro-
browser. For people without a PC and internet connection this offers an alternative 
access to the ‘e’ economy; all be it an extremely limited one. Due to the innate 
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limitations of the technical environment and a commercial decision to disallow audio 
content, accessibility is not explicitly supported. 

Our conclusion from this rapid overview of contemporary development in DTV is 
that there will be a parting of the ways between more affluent and technically 
sophisticated viewers who obtain IPTV services, and the remainder of the population 
who stay with broadcast DTV and its inherent limitations.  Whilst IPTV, and in 
particular its reception through a personal computer with its innate flexibility, 
provides tremendous potential for accessibility enhancements, many (perhaps the 
majority) of disabled people will not have access to it.  Thus the relevance of 
developing accessibility within the domain of broadcast DTV and iTV remains. 

3   Reasons for Promoting Accessible Interactive Digital TV 

The potential utility of interactive TV is exemplified by a recent initiative from the 
UK.  In 2001 the UK government stated its wish for local government services to be 
offered online by 2005, under the Implementing Electronic Government (IEG) 
initiative, explicitly citing IDTV as a primary medium for this development.  From 
the IEG statements both in 2001 and 2002 it is clear that UK central government saw 
IDTV having a particular potential for delivering key services more effectively and 
making new services possible. The UK government’s thinking was based on their 
perception of TV as the popular medium. The aim of the initiative is to enfranchise 
those who tend often to be excluded. Amongst the key target groups are the elderly, 
and also people with learning difficulties. A significant proportion of this population 
segment suffers from varying forms of visual impairment. 

In random survey of 12 UK local authorities’ responses to the IEG initiative 
conducted in 2005, more than half reported that they had not made any tangible 
progress in developing IDTV-based services [9]. Most had placed more emphasis on 
the development of public kiosks rather than move towards providing local authority 
services via IDTV.  However, some examples are more encouraging, e.g., Islington 
council’s pilot initiative IDTV information service. The site provided information 
about: Jobs, safety, health, local services, events, life-long learning, and appeared to 
be regarded as a success. However their follow-up report stated that external 
collaboration would be needed to fully implement it [6].   

The potential of TV as an accessible and useful technology is high, but this is a 
long way from being fully realised.  However, contemporary developments may 
afford similar developments in accessibility as the web. Accessibility guidelines for 
the web are now relatively established, and have had an effect in making key sites 
such as public information portals accessible to a wider population.  Similarly 
commercial web sites have an agenda for increasing outreach to a wider market by 
following accessibility guidelines (and a legal requirement). Some of the most 
significant and also relatively soluble accessibility problems relate to users with low 
vision. The next section considers the World Wide Web Consortium (W3C) 
accessibility guidelines [17] as a benchmark for assessing a sample of currently 
available IDTV services for viewers with low-vision. 
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4   Portability of W3C Guidelines to IDTV  

We carried out an expert evaluation of the applicability of the W3C accessibility 
guidelines to a sample of current Sky and BBC IDTV services. We compared the 
recommendations in five key categories to data collected from contemporary 
requirements gathering studies previously conducted [4,11,12,13,14]. Whilst specific 
guidelines refer to the use of HTML features and other environment-specific items 
such as Applets, a substantial amount of the content refers to aspects of the 
presentation and interactivity. Our review assesses the applicability of these 
guidelines to IDTV design, and in turn assesses the design of contemporary IDTV 
services with reference to them. Of the fourteen W3C web guideline sections we 
identified five that previous studies would suggest are particularly relevant. These 
were examined and relevant points extracted.  

The design of a number of existing DTV displays appears to contravene the 
principles of W3C. The recommendations from these guidelines combine the need for 
specialist features for impaired users, and more generic recommendations for the 
design of displays and interactive features. 

4.1   Cursor Issues 

An inspection of Sky Active (a collection of public and commercial information and 
interactive resources available via Sky STB’s in the UK) revealed two problems 
relating to cursors. One was the considerable variation of cursor designs both in terms 
of physical appearance and in rules of operation.  Related to this was the problem of 
identifying and operating the cursor, i.e. finding it when entering a page and 
completing a selection operation. Studies of use [14] also revealed compounding 
problems with recovery after errors. Errors may be caused by mistakenly identifying 
options [8] or simple physical slips [10]. The likelihood of slips occurring is strong 
given the nature of the remote controlled interaction, and the possibility of divided 
attention in a TV-viewing environment.  Therefore ease of recovery is an important 
general principle for any user. Evidence from studies reported in [12,14] suggests that 
recoverability is a particular problem for low-vision users. If a wrong selection is 
made or navigation within pages is misdirected, it is typical for users to re-scan the 
page in order to specify corrective actions. Where subjects’ central or peripheral 
vision was impaired this proved to be a particularly difficult process.  

The variation in cursor design and operation principles effectively forces the user 
to recognise and explore the use of cursors on a repeated basis as a series of pages are 
visited. In effect, the user generates a hypothesis of how the cursor on each page can 
be manoeuvred and selection actions performed.  Exploratory action will either 
confirm that hypothesis or assist the user in specifying further exploratory action.  For 
fully-sighted users the confirmation of the initial hypothesis and reasoning about 
alternatives is based on a scan of both the area of the screen where cursor action is 
anticipated, and on the page contents as a whole. This issue is referred to as 
‘consistency mapping’ in [11]. 
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(a) (b) (c) 

Fig. 1. (a),(b) and (c) show three screens from one Sky Active application in which three
variations on menu item selection are used 

The application opens with a menu listed as a vertical column of buttons, selection 
of the active item being shown by reverse text (Fig. 1a.).  From the opening screen, 
pressing the green button on the handset opens a menu consisting of a vertical list of 
items enclosed in a rectangular panel (Fig. 1b.). Using the up and down arrows on the 
handset causes the active item to change colour and be marked with a bullet on its 
left. Selecting an item from the previous menu replaces the initial menu with one in 
which an item is activated by pressing the associated number button on the key pad 
(Fig 1.c). The up and down arrows have no effect here. 

4.2   Brightness, Contrast and ‘Advanced Features’ 

The W3C guidelines on colour displays recommend strong foreground/background 
contrast, and warn against blinking or moving elements on-screen.  Where there is a 
combination of TV viewing content and interactive content such as pop-up screens it 
is difficult to avoid peripheral movement that may affect the focusing of attention for 
users with low vision.  There is also a potential conflict in that designers’ desire to 
make screens visually appealing as well as providing a continuous ‘presence’ of TV 
content whilst interactive content is accessed is likely to diminish accessibility for low 
vision users.   The text overlays used by BBC digital text services provide an example 
of this (see figure 2).  Text overlays in deep red with white text display a visible 
‘shadow’ of the underlying TV content, diminishing readability for low-vision users.  
Presently this does not appear to be adjustable.  The ability to adjust such pages, or set 
preferences for sharp backgrounds without background movement seems critical for 
users with low vision.  This issue is also identified in [11]. 

4.3   Identifying and Selecting Options 

The W3C web guidelines point to the utility of enlarging options, magnifying the 
currently selected cursor item. This appears to be useful for users with low vision. 
One general utility would be to address the issue of feedback and visibility of system 
status [3, 7] for IDTV services. The enlarged option would act as a tracker allowing 
users to detect whether the current option was the intended one and continuously 
monitoring coverage of navigation around the page. The enhancement of readability 
to overcome difficulties in scanning text is another desirable aspect. Feedback from  
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Fig. 2. In this screen, a permanent scrolling marquee of black text on an opaque white 
background is in constant movement.  On the right a semi transparent overlay has been opened 
through red-button selection.  The presenter can be seen moving behind its text.  

study participants in [14] suggests that viewers with low peripheral vision tend to scan 
parts of words, often having to make assumptions about the identity from a few 
letters. The addition of magnification would alleviate this problem. 

The issue of magnification and its utility is in part conditional on the issues with 
page layout and cursor design described above.  It is anticipated that for simple page 
metaphors such as the Sky electronic programme guide (EPG) the expanded cursor is 
easier to track. Compare this with a page where shape and form are irregular and 
changeable, or not represented by text objects. Many objects are not comprehensible 
without contextual information provided by the array or page in which they are 
situated.  Therefore it is difficult to imagine even the expanded version being without 
problems where iconic representations are used without text.    

4.4   Audio Equivalence and Audio Feedback 

The use of speech input/output is emphasized in W3C guidelines and screen reader 
devices are available for web readers. The use of auditory equivalence is relatively 
common in web use, although it requires sites to provide meaningful content in alt-
tags, something that is not always provided. No equivalent yet exists in DTV, 
although the BBC recently published a white paper describing the nature and utility of 
audio description in future DTV services [15]. Users suffering from low central vision 
seem to have much to gain from audio description where navigating screen containing 
dense text such as the Sky EPG shown in figure 3. 

A representative task model for operating the EPG is described below: 

1. Locate remote control directional button  2. Locate cursor  3. read current 
channel option  4.  move cursor to next option  repeat 2,3,4 until channel found, 
5. move cursor to next content/schedule option  6.  read current content/schedule 
option  repeat 5 and 6 until option found  7. select option. 
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Fig. 3. The SKY EPG with its dual cursor highlights focusing on the selected channel and a 
specific scheduled item 

Previous study evidence [14] shows that viewers with low vision have problems 
locating (and re-locating) the cursor and reading textual options on the screen.  The 
utility of auditory feedback potentially turns this from a desperately slow (or even 
impossible) process into one in which task steps can be carried out with sufficient 
information resources to support the execution and evaluation of each action.  The 
reading of options of the screen can serve both as confirmation of the user’s arrival at 
the desired option and a navigation aid, guiding them through the menu operation 
process.  The use of non-verbal auditory output also has a potential role in providing 
feedback. This type of output helps the user to recognize and monitor cursor 
movement. The non-verbal identification of basic repeated actions allows the user to 
listen to the screen-reader describe the actual options with minimal distraction. 

4.5   Input Devices 

One of the most significant features of web accessibility is the considerable variety of 
input devices ranging from customized mice through track-balls, joysticks and more 
specialized equipment such as sensor pads and mouth operated devices.  The W3C 
guidelines emphasize designing for device independence.  Conventional remote 
control design tends to exclude many sight impaired users, raising issues such as text 
size, labelling and tactile feedback [3]. For TV use the complexity of the input device 
makes it a second ‘interface’.  Remote devices have similar issues of option labelling, 
functionality and feature clustering to the screens with which they interact.  Typical 
problems include difficulties in identifying the current mode in relation to 
multifunctional buttons, reading the textual labels on dedicated buttons.  Furthermore, 
sight-impaired users report problems searching for mislaid remote control devices, 
suggesting that either fixed devices or direct communication with the set-top box may 
be useful alternatives.  The use of keyboards has proved useful for some users, 
particularly in support of skills that make the visual channel relatively redundant for 
STB control tasks. This type of skill requires little in the way of visual cueing, with 
spatial and sensory information providing the necessary sensory input.   Supporting 
such skilled behaviour allows those with central vision problems to interact fluently 
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rather than painstakingly inspect the remote device for visual information.  This 
relatively static input device also has the advantage of being less likely to be mislaid. 

The space of possible input devices has yet to be explored fully, although 
developments in related fields such as game technology suggest a range of tailorable 
input support is possible.  The use of gesture has also been shown to have potential 
utility for users with low vision [14]. In general minimising the movement of 
attention between the screen and handset is beneficial, especially where viewers may 
require different glasses for each. 

5   Conclusions and Future Work 

Many of the W3C guidelines are equally appropriate for IDTV.  For the new IPTV, 
particularly when viewed in a non-traditional TV environment (PC, mobile) they will 
be directly applicable to subsidiary interactive material which will be presented as 
web pages.  For the older ‘red-button technology’ STB environment considerable 
development is required, as it lacks the flexibility to support customization and 
tailorability to user preferences.  This is the technology that a substantial proportion 
of the older population will be most likely to have available.  Problems such as low 
vision and compounding health issues associated with age accentuate the need for 
accessible DTV services.  Whilst it may not be possible to import every advance in 
accessibility from the web into DTV, attention to aspects such as device 
independence, display design and navigation support can provide significant 
improvements.  

TV interactivity remains significantly rooted in the traditions of its desktop-based 
predecessor. Longer-term research and development goals include new metaphors for 
design that improve on the ‘desktop’ inherited from the PC [1]. Given that 
accessibility in the wider scope combines instrumental and hedonic factors, research 
into more human-like mediators between viewer and device may be explored. Some 
exploratory work into avatar-based interaction to specific services for vision-impaired 
users is reported in [5]. Further leading-edge exploratory research such as the ‘virtual 
companion’ considers an alternative style of interface in which human-like forms 
interact mediate between user and device [2]. This approach seems to have the 
potential to enhance both instrumental and hedonic aspects of TV use. This suggests 
that the low-level refinement of current interactivity may be a temporary forerunner to 
a new era of accessible television.  However vulnerable sections of the population are 
likely only to have access to the current STB technology for the foreseeable future, 
making further work on guidelines for this environment important. 
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Abstract. Digital television and the internet are fundamentally changing media 
markets. Consumers have access to an increasing amount of news, information 
and entertainment. In addition to traditional media companies such as 
publishers and broadcasters new players enter the market as content producers, 
packagers, marketers and distributors. These changes threaten the position of 
traditional broadcasters. This paper explores the ways in which broadcasters 
have responded to these challenges and identifies opportunities and bottlenecks 
for broadcasters’ development of digital media services. Based on desk research 
and case studies it points at audiovisual archives and distinct criteria for quality 
and editorial standards as the main assets of traditional (public service) 
broadcasters. Copyright issues, regulatory constraints on public service 
broadcasters and differences between broadcast and internet culture are among 
the main bottlenecks.  

Keywords: broadcaster, digital television, internet, business model, user 
generated content, audiovisual archives. 

1   Introduction 

Digital television and the internet – especially web 2.0 – are fundamentally changing 
media markets. These changes threaten the position of traditional broadcasters and 
publishers for a number of reasons. Firstly, in a multichannel environment individual 
television channels will have relatively small audience shares. Most traditional 
general interest broadcasters (public and commercial) have seen their audience shares 
decline in digital and multichannel households. Secondly, people spend an increasing 
amount of time on the internet. Although this has until now not been at the detriment 
of television viewing, especially among young people there is a noticeable shift from 
television viewing time to internet use. Young people are also very skilled in 
multitasking and often consume different types of media simultaneously. Thirdly, 
with growing numbers of broadband households and users of advanced mobile phones 
and other mobile devices, users can watch television and video on the internet and 
through mobile networks. Traditional broadcasters do try to jump on the bandwagon 
and also offer content for these platforms, but in these markets they compete with 
many other companies that offer audiovisual content. Among them are network 
providers and web portals that try to attract consumers by offering attractive or 
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exclusive content, but also content producers themselves who have now a direct and 
relatively cheap way of access to their audiences and are no longer completely 
dependent on broadcasters with exclusive access to scarce spectrum or television 
channels to reach their audience. 

Finally niche content producers find on the internet ample opportunities to publish 
their own content and, according to Anderson’s long tail theory (Anderson, 2006) can 
still find a sufficiently large audience, because they can reach small and scattered 
audiences worldwide and over time. Even users themselves can publish and exchange 
photographs and films, some of which are also used in professional media outlets. 
User generated content is the term for a trend that has rapidly become hugely popular. 

What do these developments mean for the position of traditional broadcasters? 
Will they become obsolete, as content producers now offer their content directly to 
viewers, without the intermediary role of broadcasters? And because they are no 
longer needed as packagers and schedule makers for users who are increasingly able 
to find content of their own interest, also outside the traditional television channels 
and even turn into producers themselves? Or will they be able to survive and 
successfully exploit their audiovisual archives on digital platforms as well as develop 
popular new services and new ways of engaging their audiences?   

Some believe that traditional broadcasters have responded too slowly and 
inadequately to the new opportunities of a digital and networked world. As traditional 
media organisations their staunch, hierarchical and rigid production routines, work 
style and professional ethics do not fit very well with the much more anarchistic and 
hybrid internet culture. At the same time traditional broadcasters also have some 
strengths. An important advantage is their ability to cross promote digital services and 
websites through their open television channels and vice versa. In addition some 
broadcasters possess considerable amounts of audiovisual archive footage that they 
can exploit on digital channels; others have a reputation for quality or a strong brand 
name. The current market changes affecting broadcasters  lead to the following 
question: 

 
What strategies do (public service) broadcasters adopt in the digital domain and 

what opportunities and bottlenecks do they face? 
 
This paper will analyze some of the strategies that broadcasters adopt in the digital 

domain and attempts to assess the strengths as well as the bottlenecks for the further 
development of these services. Broadcasters offer digital channels, video-on-demand 
services, interactive programmes, websites with extra information on programmes and 
celebrities and platforms for communication and debate. Out of a number of different 
ways in which broadcasters have become active players in the digital domain, this 
article focuses on two prominent trends: a) broadcasters’ attempts to exploit content 
across different platforms and devices and b) broadcasters endeavours to incorporate 
user generated content in their offers.  

1.1   Method 

This article is based on data gathered for a number of TNO research projects; firstly 
two projects on policies and regulation concerning public broadcasters’ new media 
services (Leurdijk, 2005b and 2005c) and secondly a number of in-depth case studies 
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into (public service) broadcasters’ digital services that were used for two different 
European research projects in which TNO is responsible for exploring new business 
models for so called ShapeShifted TV (in NM2) and user generated content (in 
Citizen Media) (Leurdijk and others, 2005a, 2006)1. 

For each service the business and content strategies were analysed, based on 
interviews and desk research, identifying both opportunities and bottlenecks for 
traditional broadcasters in the digital domain. The cases represent only part of 
broadcasters’ current and varied digital offers by only three different broadcasters. 
The cases do however represent broadcaster’s dilemma’s in exploiting archive content 
and in incorporating user generated content in their offer and the opportunities and 
bottlenecks that we have identified are likely to be of relevance for other digital 
services, especially when offered by public service broadcasters.  

2   Case Studies 

2.1   BBC Creative Archive 

In April 2005 the BBC launched the pilot version of the BBC Creative Archive 
(http://creativearchive.bbc.co.uk/). The Creative Archive offered free access to 
selected and legally cleared BBC television and radio programmes. Its users were able 
to search, preview, download (in non-broadcast quality) and modify (extracts of) 
programmes. They could use this material for class room presentations, personal 
projects or other non commercial uses and share their creations with others on a non 
commercial basis. The Creative Archive content has been released on topical BBC 
websites and includes Radio 1 VJ, clips on different regions in the UK, Open School 
material and news clips. Viewers have access to 500-600 video clips in total. In the 
pilot phase the audiovisual material has been limited to factual content; in the future 
there might be content across all BBC genres. 

At the core of the Creative Archive project is the Creative Archive Licence, 
inspired by the Creative Commons movement. The Creative Archive Licence 
recognises and preserves copyright, but releases the opportunity to engage in non-
commercial sharing and integration of personal derived work. Commercial use is 
prohibited and users must share their own content on the same terms.  

The Creative Archive Licence was launched by the BBC together with public and 
private partners such as Channel4, the British Film Institute and the Open University. 
Since its launch Teachers’ television, the Community Channel, The Museums, 
Libraries and Archives Council and ITN Source (formerly ITN News Archive) have 
joined the Creative Archive Licence Group. Most partners are still in the process of 
making (more) material available. At the end of the pilot in October 2006 the service 
went through a public value test, commissioned by the BBC Board of Governors 
(now: the BBC Trust ), whose outcome was not yet known at the moment of 
completing this article (end 2006)2. 

                                                           
1 See for more information on these projects: www.ist-nm2.org and www.ist-citizenmedia.org 
2 During the review BBC Creative Archive was closed down, only general information pages 

are still available. 
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Many of the possible ways in which end-users will use the material in BBC’s 
Creative Archive are still unclear. The present offer is a starting point from which 
other uses and models can be developed. It is foreseen that in the future more of the 
BBC’s archive material will be made available to the public. 

2.2   Vara Comedy, Dutch Public Broadcaster 

The Dutch public broadcaster Vara is in the process of reorganising its production 
process in order to become a cross media organisation. Comedy is one of Vara’s key 
genres and a genre that is central to its brand. Vara’s Comedy offer is exploited on 
different platforms. On its open channel Vara broadcasts live and recorded comedy 
registrations. On its digital thematic comedy channel Vara recycles archive content. It 
will also produce a few hours of low cost, original content for this channel. The 
Comedy web portal (http://variatee.vara.nl/) offers access to over 40 hours archive 
material in the form of 3-5 minutes comedy clips. The clips can be rated by viewers 
and viewers can suggest to include material that is not yet represented on the site. The 
site also offers biographies of the comedians that are showcased on the site. In 
addition there are an online comedy magazine (Greinz.nl), content for mobile devices 
and real life events such as comedy battles between schools organised by the 
broadcaster. 

The digital channels and the live events are used as a platform for young talent; 
Vara will scout young talents and will invite them to produce low cost short films for 
the digital channel. If successful these can then move on to the other platforms (web 
portal, open channel). There will also be space for user generated content within 
Vara’s comedy offer, but this is not yet considered to be of strategic importance. The 
content will be moderated, to guarantee certain quality and decency standards.  

2.3   Four Docs, Channel 4 

FourDocs (http://www.channel4.com/fourdocs/) is a broadband internet channel 
designed by Channel4 for people to showcase their documentaries. Users can upload 
and download four minutes’ long documentaries. In addition to this the website 
provides a large knowledge base of practical, audiovisual guides on how to make 
documentaries.  

People who have uploaded a documentary to FourDocs receive comments from the 
FourDocs’ professional editorial team as well as from other users. All reviews are 
published on the website. By October 2006  approximately 200 films had been 
published on the website. 

The website also contains a rushes library of free, already cleared material that 
people can use in their own four minutes’ documentaries and background information 
on the history of British documentary and interviews with documentary makers.  

Channel4 and the editors of the site want to bring their ideas on high quality 
documentary, decency and public values to the users, therefore the site is moderated. 
Also the video quality on FourDocs is higher than the video quality on sites like 
Google Video, MySpace or YouTube. The editorial team checks the legal aspects of 
the films (copyrights infringements, libel, infringement on legal procedures, etc.).  
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All contributors to FourDocs are required to make their work available under a 
Creative Commons licence. This means that everyone can download and use the 
material on the site, “provided they make their own work available on similar 
conditions, and provided that they use it for their own purposes in a non-commercial, 
attributive, no-derivative way. That means that you must give credit and others can 
not make any money from your film. Neither can they take any clips from your film 
out of context.” (From FourDocs FAQ) 

3   Digital Services and the Broadcasters’ Strategies 

The case studies of BBC Creative Archive, FourDocs and Vara Comedy are all part of 
the broadcasters’ strategies to follow their audiences to digital platforms. Each of the 
services discussed is considered to be successful by its owners. The use, numbers and 
frequency of visits and/or contributions of users live up to the broadcasters’ original 
expectations. The BBC might be able to obtain some extra income by making the 
service available on the international market. The Vara has banner advertisements on 
its website as well as bumper-ads at the start of its comedy clips and streaming audio 
files. FourDocs is currently advertisement free. People are asked to upload their 
documentaries for free; therefore Channel4 feels it can not directly earn money from 
people’s contributions through sponsorship or advertisements. Especially in the 
beginning this was thought essential, in order to build up trust and persuade people to 
upload their films. FourDocs’ target is also considered to be more critical than other 
people on how businesses operate and would probably not have been willing to 
contribute their films to FourDocs if it was seen to earn money off their backs. Now 
that FourDocs has established a good reputation, some advertising or sponsorship 
might be conceivable, for instance by inviting industries to sponsor bursaries or 
competitions for Channel4 or allow some small banners on its web pages.  

However, the main goals of the three digital services are not to attract huge 
audiences or to generate money, but are of a different nature. The BBC Creative 
Archive fits with the BBC’s philosophy to make its content available to as many 
people as possible, on all platforms. Public access to the BBC’s archives, is 
considered as one of the ways in which the BBC’ s licence fee is justified. For the 
Vara its comedy offer helps to build Vara’s strategy to become a cross media 
organisation that exploits its brand name in a number of key genres. For Channel4 
FourDocs is a way of securing its brand name and reputation in the field of 
documentary and to fulfil its public service remit to provide innovative programmes 
in both form and content. Another way in which Channel4 benefits from the service is 
that it uses the website as a pool for new talents. Some of the people that have 
uploaded their films were invited by Channel4 to work on other projects.  

4   Opportunities and Bottlenecks 

In this paragraph a number of opportunities for broadcasters will be discussed as well 
as some bottlenecks that might hinder further development.  
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4.1   Contradictory Interest in Exploitation of Copyrights on Digital Platforms 

One of the main assets of (public) broadcasters is their large audiovisual archive that 
they can exploit online and through digital channels. When programmes are made in-
house, copyrights are in most cases possessed by the broadcaster. However, this is not 
always the case for all the underlying copyrights for the use of music, décors, and 
performing artists. These copyrights usually remain with the artists. The contracts 
with these underlying right holders have until recently only included the rights to a 
first screening and one or two repeats on open channels, but not for online 
exploitation or for digital channels and video-on-demand services. Copyright issues 
thus present broadcasters that want to exploit their archives with a major bottleneck. 
Sorting out all the varying provisions in copy right contracts, as well as clearing those 
copyrights, requires a considerable investment of time and money. Even when the 
exploitation of content on other platforms is included in contracts, they often take 
different forms and there are still many conflicting interests between stakeholders. 
This is particularly the case for content commissioned by broadcasters to independent 
television producers and for recordings of the performing arts (theatre, music, dance, 
etc.). Some content genres, such as sports and film, but also – like in the Vara case - 
comedy, humour and satire, are examples of highly exploitable content. Artists are 
reluctant to give away or sell copyrights beyond the two to three times broadcast 
exposure on television’s open net channels that they have initially agreed on. They 
either think that they can exploit the content themselves, or they are afraid that online 
exposure or broadcasts on digital channels will cannibalize on the number of visitors 
of their live theatre shows. They fear that recycling their shows on digital channels 
reduces their market value. This is particularly true for recordings of full shows. 
Acquiring content rights to clips is generally a lot easier.  

When the copyrights have remained with production companies issues are even 
more complicated for broadcasters, as production companies could also decide to re-
exploit popular programmes in collaboration with for instance network operators, 
other platform or portal owners or even launch their own distribution channels, 
because distribution scarcity has diminished and television producers are no longer 
solely dependent on channel owners to broadcast their programmes.   

The BBC Creative Archive has a different copyrights problem. Most of the non 
fiction material is produced in house, so the BBC already owns the copyrights of the 
footage. However the copyrights are only cleared for the UK. This means that users 
are restricted in publishing material from the BBC Creative Archive on their websites, 
unless they employ geo-IP filtering technologies that restrict the use of their 
productions to UK residents. It is expected that in the future Creative Archive 
material could be made available through a distribution partner outside the UK that 
would pay for the copy rights of distribution abroad. This foreign partner could 
generate revenues from for instance online advertising or sponsorship and thus be 
able to pay for the rights. Users of the BBC Creative Archive would then be able to 
publish the derivative works on their websites without restricting access to UK 
residents, because he underlying rights would already have been cleared by the 
international distribution partner.  

Channel4’s FourDocs does not have this copyright problem because it includes 
only a limited amount of archive material and works with producers who, by 
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uploading the material to the FourDocs website, agree to make their works available 
online, worldwide under the Creative Commons Licence. 

Archive material provides broadcasters with an important asset. But the case 
studies show that there are competing stakeholders, such as platform and web portal 
owners, television production companies and in some cases the right holders 
themselves, who are interested in exploiting the same content and are becoming less 
dependent on broadcasters for distribution of their works.  

4.2   Public Service Broadcasters and Competition Issues 

Two of the three case studies concern services by public service broadcasters that 
receive income from the licence fee or government funding and have thus been able 
to build a large archive with valuable content that can be re-exploited on digital 
platforms. It also allows them to produce additional original content for these digital 
platforms. Without these assets the Vara and the BBC would not have been able to 
build the services discussed in the case studies. Therefore public service broadcasters 
are still in a strong position vis-à-vis other market players (television producers, ISPs, 
network operators). They can guarantee a considerable investment in original content 
production that other market players can not afford, apart from some of the very big 
ones. At the same time it makes them vulnerable to accusations of unfair competition 
and crowding out markets, especially when they start to exploit these assets in the 
digital media domain, where other stakeholders (publishers or commercial 
broadcasters for instance) have sometimes similar ambitions, but not equal funding 
possibilities. 

Companies that sell archive footage to broadcasters and other businesses (b-to-b), 
such as ITN and BBC Motion Gallery originally objected to the BBC Creative 
Archive on the grounds of unfair competition. Even though the quality of the material 
offered through BBC’s Creative Archive is below professional standards and 
commercial use is prohibited, these companies feared piracy and competition for their 
business. Free access to audiovisual archives and the availability of high quality 
audiovisual material was thought to hamper their possibilities to commercially exploit 
this type of material. 

However, the BBC believes that the pilot phase has proven that there is little or no 
piracy and that instead the service has made archive material better known among the 
audience. According to the BBC it has even stimulated the demand for commercial 
audiovisual archive material. They expect that in due course a mass market for 
audiovisual material will develop, in which people are prepared to pay small amounts 
of money for upgrading their productions to high quality video content. 

The BBC has offered the creative archive licence to other public bodies, but also to 
commercial ones. Thereby commercial companies (ITN and BBC Motion Gallery) 
have been able to participate and have come to acknowledge that making available 
audiovisual archive content has widened market possibilities and might develop from 
a predominantly b-to-b market into a mass consumer market.  

Generally speaking there is still a debate on the extent of government funding that 
is allowed for public service broadcasters’ online and digital activities. Commercial 
stakeholders have filed several complaints with the European Commission on this 
issue. At present the agreement is that public broadcasters are allowed to develop 
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digital services on digital platforms, but governments should make these an explicit 
part of the public service broadcasting remit. Often the start of new services has to 
undergo separate procedures for approval by regulators. An analysis of the impact on 
the market can be part of this procedure and in some countries there is a limit to the 
funding allowed for certain new services. 

4.3   Control over the Context of the Content  

One of the main characteristics of the web is its networked character, whereby 
services are interlinked by intricate webs of hyperlinks. Being visible on search 
engines and being linked to on blogs, vlogs, portals and websites are crucial to 
survive in the online world. Another way to plug ones content to end users is by 
syndicating it to third parties. In this way a broadcaster’s most interesting or popular 
clips can be showcased on another company’s web portal. For public service 
broadcasters this may in some cases conflict with legal restrictions on public-private 
partnerships. But there are also strategic and ethical issues, such as how to maintain 
one’s integrity and editorial independency if one’s content is shown in an 
environment over which one has no control. This might be more problematic for 
public service broadcasters than for commercial broadcasters. The Vara for instance 
turned down Google’s offers to have Google host all Vara’s internet content for free 
on its servers, in order not to risk its status as a provider of independent and objective 
information. In other cases there have been debates on whether PSBs would want to 
distribute their services through MSN web portals, where they would be surrounded 
by highly commercial services that might in some cases conflict with PSB’s own 
editorial policies and where end users might not always be able to distinguish between 
PSB and non-PSB’s services. 

This the issue does not only arise with public broadcasters and because of legal 
reasons only. Often it is also a clash of cultures between traditional broadcasters that 
want to retain full control over their content and the context in which it appears on the 
one hand, and internet culture that thrives on mixing, sharing and linking on the other 
hand. 

4.4   Broadcasters’ Quality Standards and User Generated Content  

Traditional broadcasters and the concept of user generated content have a complex, 
sometimes contradictory relationship. Most broadcasters recognise that viewers are 
developing from ‘just’ viewers into co-creators of content. FourDocs fully depends on 
users submitting their own films. Also the BBC and Vara wish to include user 
generated content on their websites or digital channels. The BBC Creative Archive 
has showcased the films made with the BBC’s archive material by organizing 
competitions of which the best submissions were made available on BBC’s websites. 
The Vara intends to broadcast user generated comedy material on its digital comedy 
channel. The relationship between broadcasters and user generated content is a 
complicated one though, because unrestricted publication of content by users might 
conflict with their reputation for quality and editorial independency. For instance: 
material on Google Video is unmoderated; it is hard to find what you are looking for, 
and the material on offer is often of low quality. In order to safeguard their own 
standards broadcasters will have to adopt a strategy for editing and moderating the 
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user generated content that they publish on their websites or elsewhere. This requires 
considerable investments though and the more successful these services become, the 
more costs they generate. FourDocs currently works with a team of approximately 
three fte’s that judge about 14 submitted films per month. The BBC has organised 
contests, which means that they also have a strict selection mechanism and do not 
allow users to publish anything that they want on the BBC’s websites.  

5   Conclusions and Discussion 

The analysis of BBC Creative Archive, Vara Comedy and FourDocs leads to three 
conclusions. Firstly the three case studies clarify the distinct and innovative nature of 
the broadcasters’ services, not only in opening up high quality material for more 
extensive (re-)use, but also in guaranteeing open access to this material while at the 
same time preventing piracy of copyrighted material, and in the case of BBC Creative 
Archive and FourDocs, experimenting with a new form of copyright protection, based 
on the creative commons principles.  

Secondly, the case studies point at contested position of current public service 
broadcasters’ online and digital activities. There are many other competing 
stakeholders, such as the underlying right holders of broadcasters’ audiovisual archive 
material, as well as network operators, publishers, or portal owners that are also 
interested in exploiting television programmes on digital platforms and that challenge 
public funding for digital services. At the same time a cross media production and 
distribution strategy are crucial for public service broadcasters in order to remain a 
viable and relevant brand in the digital domain. Moreover, in this domain cooperation 
and networking with third parties, both commercial and non commercial, are 
inevitable to provide a relevant service for end-users, remain visible and findable or 
aid in covering the investments required for the services.  

Thirdly the analysis shows how the logic of the internet world and the more 
authoritative logic of public broadcasting are not always easy to reconcile. User 
generated content confronts public service broadcasters with urgent questions on how 
and to what extent they should function as the upholders and caretakers of quality, 
morality and good taste and where exactly the need for professional production, 
selection, interpretation and guidance lays in a world where, as some say, everyone 
can become a journalist or an artist. On a more optimistic note, public service 
broadcasters’ endeavours could also lead to highly valued new services for a general 
audience, increasing their ICT skills and stimulating creativity as well as to new and 
fruitful exchanges between professional and amateur programme makers (content 
producers).  
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Abstract. iTV does not yet have truly interactive programmes, that is 
programmes whose content adapts to the preferences of their viewers. In 
commercially deployed iTV productions, the programmes themselves are 
essentially linear and therefore non-interactive. In the research arena, the main 
bulk of work in computational support for interactive narratives focuses on 
wrapping interactions up in meaningful and interesting narratives, rather than 
on expanding traditional linear narratives with interactivity. This paper presents 
a validated approach to the development of truly interactive programmes called 
ShapeShifting TV. In focus is a representation language for narrative structures. 

Keywords: itv, interactive, programme, storytelling, narrative, space, structure, 
representation, intelligence, reasoning, automatic, editing, authoring, testing. 

1   Introduction 

iTV has become an established entertainment mode, adopted by most major 
broadcasters, and a rich research area. Despite the increasing attention it has received 
in the past few years, iTV has still not delivered truly interactive programmes (such 
as news or drama), that is interactive audio-visual narratives, made with recorded 
material, that adapt on the fly to suit the preferences of individual viewers.  

As most of the research in computational models for interactive storytelling has 
focused on games and virtual reality environments, where audio-visual content is 
computer-generated, solutions for producing and delivering truly interactive 
programmes made with recorded material failed to arise. The commercial world, 
understandably, tends to choose simple but robust formats. It employs limited 
interaction modes that can be implemented straightforwardly and whose effects can 
be evaluated without dedicated tools. Consequently, the existing iTV programmes are 
not themselves interactive; interactivity happens alongside them. Conversely, without 
appropriate software support, it is very difficult for programme creators and producers 
even to explore ideas for viable truly interactive programmes, as the non-linear 
structures they require cannot go beyond the concept stage.  
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This paper presents a validated approach to the development of truly interactive 
programmes, which we call ShapeShifting TV, accompanied by a generic, 
programme-independent, software system for their production and delivery. They 
were devised by software developers in collaboration with content creators and 
producers. The software system has been validated through the production of a 
number of ShapeShifting TV productions, some of which have been or will be 
deployed in the commercial world.  

It is easy to see why such programmes offer a timely paradigm. They will provide 
a better solution to the information explosion that we currently witness; truly 
interactive programmes can offer levels of personalisation not achievable otherwise. 
They could offer richer and more engaging personal entertainment. Thirdly, and very 
importantly, in a world where the need for innovative content for broadcast and 
webcast is urgent, they offer a far more powerful medium for creative expression than 
their linear counterparts. 

2   Current Commercial iTV Formats 

One mainstream method for interactivity is to allow the individual viewers to move 
forwards and backwards within a programme stream or to swap between streams. 
This method could be called brute force interactivity, as it relies on broadcasting large 
number of programmes in parallel or on powerful recording equipment. Viewers can 
choose between streams delivered synchronously, can watch a number of them in 
parallel on a screen mosaic, and, in time shifted TV, can access favourite programmes 
in larger time windows than precisely at the time of broadcast. Viewers are also able 
to get content on demand, and to pause, rewind and fast-forward through the 
programme. The programmes themselves, however, are not interactive. They are 
made in a linear fashion and independently from one other, under the assumption that 
they would be watched from beginning to end. Other interaction modes, such as 
choice of parallel supplementary footage or of camera angle to view (in crime 
investigation drama), short mini-episodes and catch up extracts services (in soap 
opera drama), headline and summary clips (in current affairs) may appear more 
sophisticated, but, in principle, fall within the same category.  

Other two mainstream methods for providing interactivity are the “show-me-more” 
format and voting. The former is realised via parallel services for broadband and 
mobile devices and includes interviews, biographies, newsletters, chat groups, 
quizzes, competitions and games. They act as satellites to, and have little direct 
impact upon, the mainstream programmes themselves. Voting is realised mainly via 
SMS or the “red button”. It is a popular method of interaction, but it has not been used 
to determine the shape of the TV programmes themselves.   

There are a limited number of productions that integrate more sophisticated 
interaction modes and so begin to become truly interactive. Examples include 
observation tests, logical puzzles and reaction trials that determine the development of 
the events (as in the BBC’s Spooks Interactive), explicit choice of different audio-
visual components or between multiple narrators (as in the BBC’s Walking with 
Beasts), explicit selection to watch cutaways from the main stream, such as mini-
documentaries and biographies (as in Schematic’s Woodrow Wilson), or the ability to 
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navigate chronologically or thematically within the programme (as in Schematic’s 
Love and Diane: An Interactive Timeline). However, the narrative structures 
employed are extremely simple, such as two parallel paths with intermediate decision 
and transition points. Furthermore, each such programme is hard-coded in a bespoke 
implementation, rendering this solution expensive and unfeasible to support real 
creativity and innovation.  

Programme independent tools for the creation of PC-based interactive media exist, 
such as Macromedia Director and Flash, but they operate at a too low level to enable 
narrative concepts to be expressed and reasoned with1; notably, the authoring happens 
along an explicitly represented timeline. Programme independent tools are needed 
that allow authors to experiment with, create and deliver truly interactive programmes 
[1]. This is a strong motivation for our work.  

3   Research in Computational Support for Interactive Narratives  

Research in computational support for interactive narratives – denoted as interactive 
narrative-based systems [2] – has focused mainly on applications where the audio-
visual content or the media essence is computer-generated, such as games and VR 
environments, rather than recorded, as in TV programmes and movies. Its final aim is 
the development of virtual worlds in which stories unfold and the user, considered a 
character in the story, is able to interact with the other characters and the 
environments of the worlds [3], whilst achieving cognitive and affective responses as 
those seen in conventional narrative media such as film [4]. However, to date, they 
focus mainly on wrapping up interactions in meaningful and interesting narratives, 
rather than on expanding traditional linear narratives towards interactivity. They are 
situated in the interactive-rich but narrative-simple area of the interaction-narrative 
complexity space. iTV productions are in a complementary area, namely 
narrative-rich but interactive-simple. ShapeShifting TV aims for both: rich narrativity 
and rich interactivity.  

Most research in interactive narrative-based systems is concerned with the 
automatic generation of interactive narratives. Two mainstream approaches seem to 
have become prevalent [3, 5] namely autonomous agents, possibly mediated by drama 
managers, and narrative mediation. They both employ planning, but the former 
concentrates mainly on characters (character-based interactive storytelling), whereas 
the latter concentrates on actions and events (plot-based interactive storytelling).  

A representative example of the former approach is described in [6] and [7]. The 
user is allowed to interfere at any time with the story line progression by influencing 
the characters or the environment. Feature characters and objects of the environment 
are modelled as autonomous agents, formalised as hierarchical task network plans. A 
plan determines how best to achieve the agent’s goals. The execution of a plan 
generates character behaviour at run time. Story variants emerge from the characters’ 
interaction. The emphasis of this work is on the behaviour of the characters, rather 
than on explicit plot representation. There are other examples of modelling characters 

                                                           
1 Incidentally, this also applies to the majority of the tools created for mainstream game 

development. 



 Conceiving ShapeShifting TV: A Computational Language for Truly-Interactive TV 99 

as agents. The work described in [8] experiments with both guessing and influencing 
the psychological state of the engager. The work described in [9] approaches agent-
based characters from the point of view of their beliefs. In [10] agents are investigated 
as means of automatic narration. In all cases, the emergent stories were simple but 
credible within the chosen genres. However, there is no evidence that the approach 
could be transferred to a more narrative complex genre.   

Drama managers can be employed to enforce narrative coherence [3]. An example 
is Façade [11] which aims to create a dramatically interesting world that the user 
navigates by engaging in natural language dialogues with virtual characters [12]. The 
plot is coarsely structured on major events, called beats. Dialogues happen within 
beats and result in micro-narratives. They also affect the “social scores” which are 
considered by the drama manager in moving the narrative to the next beat. Façade 
concentrated on micro-narratives to the detriment of the overall plot.  

Narrative mediation, on the other hand, concentrates on narrative structures, by 
globally controlling characters’ actions (plot) and their audio-visual materialisation 
(discourse). Mimesis [4], for example, is a planning-based controller for virtual 
worlds that generates and maintains coherent story-lines. Its main components are the 
story planner, the discourse planner, the execution manager and the mediator [13]. 
The story planner takes an “initial world state”, a set of possible “character actions” 
and “goals” (states in which the story could end) and composes sequences of actions, 
called “story plans”, leading from the initial state to a goal. The discourse planner 
takes a story plan and a set of possible “communicative actions” and creates a 
sequence of actions that is executed by the media rendering engine. The story world 
and the discourse plans are combined into a “narrative plan” by the execution 
manager. The narrative emerges from the parsing of the graph. User actions may 
deviate from the plan, in which case the mediator can cause the attempted action to 
fail or request re-planning. Simple narratives can be generated in this approach, but, 
to date, they are far from the narrative quality of a TV programme or a movie. 

Interactive narrative-based systems can also be modelled as branching narratives, 
containing a fixed number of points at which the decisions or actions of the engager 
determine the way the narrative unfolds [2]. Generally, they are represented as 
directed graphs, in which nodes are scripted scenes and arcs correspond to possible 
decisions [3]. An example is presented in [14]. Rich interaction could happen within 
nodes, but scenes are more or less independent episodes; the events of a scene do not 
adapt to interactions that happen in other scenes.  

In conclusion, most work in interactive narratives remains centred on the 
generation of meaningful actions staged as 3D animations [5]. It looks at means for 
the automatic generation of narratives, whilst ShapeShifting TV is focused on giving 
humans new means of expression. It uses automatically generated audio visual 
material, through graphics rendering and audio generation, whist ShapeShifting TV 
uses recorded material. It is centred on games and VR environments, whilst 
ShapeShifting TV is about drama, news and documentary. The generated narratives 
are still a long way from the aesthetic qualities of traditional film [7]; in 
ShapeShifting TV, this is a necessary characteristic. All these motivate our approach 
from narratives towards interactivity, and, consequently, ShapeShifting TV.  

Viper [15] is one of the very few systems that allow the creation of programmes 
that could change during viewing in response to preference or profile information, 
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presentation devices or real-time sensor feedback. Automatic editing is carried out on 
the basis of “editing guidelines”, expressed via a number of primitives implemented 
in the programming language Isis, and media clips annotations, made via a dedicated 
interface. Viper illustrates, in part, the principles of ShapeShifting TV, but, among 
other limitations, provides neither a language nor an authoring environment for 
expressing narrative structures.  

4   ShapeShifting TV – Generalities 

We define a ShapeShifting TV programme (for brevity called S2TV) to be an 
interactive programme that is automatically edited at viewing-time to reflect the 
choices and preferences of individual viewers or of communities of viewers. S2TV 
programmes are made with pre-recorded audio-visual material, called media items, 
such as video-clips, audio recordings, and graphics, but material generated on the fly 
could equally well be used. Each viewed programme is a sequence of media items. 
S2TV programmes are authored. Currently, the authors are human, but the principle 
does not prevent them from being software agents. The potential entertainment value 
of an S2TV programme – including coherence, meaningfulness, information and 
aesthetic quality, and level of engagement and enjoyment – should at least equal that 
of traditional, linearly edited, programmes. We refer to potential, as poor S2TV 
programmes may be made similarly to some of the unfortunately poor traditional 
programmes. The definition makes no specification regarding the level or complexity 
of the interactivity, leaving it entirely to the latitude of the author. Finally, it is 
worthwhile to note that S2TV programmes are inherently non-linear.  

Each individual interaction between an S2TV programme and an engager must 
resolve into a linear narrative that is cogent, interesting and entertaining. How can 
these many facets of an S2TV programme be conceived and effectively represented as 
a consistent whole? How could the scriptwriter be supported in conceiving and 
capturing plot grammars for non-linear programmes? Similarly, how does the director 
manage the shot grammar, and how is the corresponding editing expertise going to be 
captured? These questions are made more difficult by the fact that the language of 
interactive screen media itself is still developing (see, for example, [16, 17, 18, 19]). 
A potential answer to these questions is presented in the remainder of this paper.  

renderer 
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reasoner authoring  
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narrative thread 
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segment 

 

Fig. 1. A Declarative approach to modelling ShapeShifting TV programmes 

Individual S2TV narratives ought to be considered from two perspectives. From 
the standpoint of an individual engager, there are narrative threads. From the 
standpoint of the authoring team, there is the narrative space. For a given programme, 
the narrative space is the union of all the possible individual narrative threads. 
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We take a declarative approach to modelling S2TV programmes (refer to Fig. 1) 
according to which the narrative structures of narrative spaces are represented 
symbolically and separately from both reasoning procedures and the media essence. 
For each programme, the narrative threads are realised automatically, via an iterative 
process. Each interaction received or sensed from the engager triggers the 
interpretation, by the reasoner, of the narrative structures, resulting in the generation 
of a play-list. Each such play-list is passed onto a renderer which assembles the actual 
media essence into corresponding narrative segments, that the engager will 
experience lasting until their next interaction. Each narrative thread is made of a 
sequence of narrative segments. The separation of narrative strictures from reasoning 
procedures eliminates all the drawbacks associated with hard-coding. The separation 
from media essence could provide for reusable computational programme formats.  

We devised a logic-based language, called the narrative structure language (NSL), 
for the expression of narrative structures. There are two main requirements that NSL 
should satisfy. On one hand, it should be sufficiently intuitive and effective for 
authoring. Despite NSL being used mainly via the authoring environment, this is still 
a requirement for it, as NSL defines the concepts that structure the authors’ thinking. 
The authoring environment through which it is used is just syntactic sugar. On the 
other hand, NSL representations should be computable in ‘reasonable’ time to ensure 
continuity for individual programme threads. This, too, is a requirement for NSL, 
despite the existence of solutions that can be used to speed up reasoning. A poorly 
designed NSL would result in a major overhead in terms of such satellite solutions.  
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Fig. 2. The architecture of the system for authoring and delivering ShapeShifting TV 

To date we have developed a core NSL and a fully working software system for 
authoring and delivering S2TV programmes. The architecture of the system is 
depicted in Fig. 2 (arrows denote data-flows). The media items – logical descriptors of 
the media clips – are created via the ingestion tool. Media item descriptors are further 
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refined with metadata, semi-automatically, via the description tool. The narrative 
canvas is where the narrative structures are authored. The preview tool allows authors 
to view parts of the narrative. The testing tool implements NSL syntax checking and a 
number of other meaningful checks, such as determining whether a certain point in the 
narrative structure could ever be reached. The realisation engine creates the playlist for 
each narrative thread. The delivery engine assembles the actual media content. An 
interaction manager mediates between the delivery interface and the realisation 
engine. Each interaction triggers the realisation engine to compute the narrative 
segment that is to be delivered next. We introduced an optimiser in order to enhance 
the efficiency of the reasoning. Amongst many other functions, the optimiser can 
compute, before an interaction arises, the most probable narrative thread, when a quick 
response is necessary. The delivery interfaces are platform and programme specific.  

The inference engine is implemented in SICStus Prolog. The rest of the system is 
implemented in C++. The authoring environment uses Qt for the graphical user 
interfaces. The realisation engine generates SMIL that, subsequently, can be 
converted to other formats, allowing the use of any scriptable multi-layer compositors 
to be used. XML-RPC is used for communication between most of the constituent 
components. 

5   Narrative Structure Language 

The narrative structure language (NSL) is the language in which S2TV interactive 
narratives are conceived. In its current incarnation NSL defines a basic syntax. For 
this reason we call it the core NSL. However, ultimately, NSL will also incorporate 
higher level structures, reflecting conventions of rhetorical structure and style in the 
new creative space of ShapeShifting TV. 

The core NSL essentially consists of one primitive narrative object, called atomic 
narrative object (ANO), and three primitive structures called link, layer, and selection 
group.  Structured narrative objects (SNO) are created with the narrative structures. 
A narrative object (NO) is either atomic or structured. The reminder of this section 
outlines the core NSL. Its complete specification is published in [20].  
  

Atomic narrative object (ANO). Though media items and ANOs are different 
concepts, in this section they can be regarded as being synonymous. Narrative threads 
are sequences of narrative segments, which, in turn, are sequences of media clips. 
Media clips are the atomic components of the narrative threads. Each media clip is 
represented by an atomic narrative object. ANOs are the logical descriptors of the 
media clips and represent the basic building units of narrative structures. An ANO 
may have: a name, reference to the media clip it represents, in and out points and 
regions, metadata annotations that describe the whole clip, regions, or only time 
points thereof, and unstructured text. Reaching an ANO during the interpretation of a 
macro-narrative leads to its referred media clip being added to the play-list.    

ANOs may refer to no media items, in which case they are called placeholders. 
They are useful in designing narrative spaces before recording high quality material, 
and in structuring scripts. For this, we extended the properties of the ANOs to include 
script fragment and a reference to a low cost media item (such as a still). Placeholders 
are expected be associated with media items at some point in the authoring process.  
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Link structure. A link structure is a directed graph, possibly with cycles. Each node 
specifies a NO. Each edge specifies a potential path that the narrative could take from 
the origin to the target node. Each edge has an enabling condition, which is a Boolean 
expression referring to the metadata of NOs, input from the engager and context 
information (such as the play-list compiled so far). If an enabling condition evaluates 
to true during the compilation of a narrative thread, the target node can immediately 
follow the origin in the play-list. If a node is to be followed by more than one node, 
then it should first lead to a decision point, which is then linked to the other nodes. 
One reason for introducing decision points as explicit objects is the need to 
disambiguate the situations where either more than one or no direct path is enabled. 
This is done by associating default rules the decision points.   

A starting node for a link structure must be specified. This can be done either by 
naming the node or via en expression that evaluates to a node. Interpreting a link 
structure involves starting at the start node and following enabled edges through the 
graph, until an end point (a point from which there are no links) is reached.  

It is possible to move from a decision point in one link structure (see below) to a 
point in another link structure. This supports the higher-level structure of a narrative 
arc. Such jumps are bridges that allow the narrative to move between the arcs as well 
as to progress within one arc.  Such jumps always return to where they left off when 
the destination link structure finishes. 

 

Layer structure. A layer structure has a number of layers, each consisting of an NO. 
Reaching a layer structure in the interpretation of a macro-narrative leads to the media 
referred to by each layer being added in parallel to the play-list, meaning that they are 
played concurrently, starting at the same time. Layer structures can be used, for 
example, to associate audio (soundtrack) with video.  

Layer structures provide synchronization mechanisms between its objects. For 
example, reaching a point in one NO on a layer, during interpretation, could result in 
a forced exit from a NO on another layer, allowing the object that directly follows it 
to being considered. Computing synchronisation is facilitated by NSL’s support for 
specifying priorities between layers. Collision rules disambiguate contradictory 
synchronisation messages.   We chose to adopt this procedural solution for reasons of 
efficiency. However, we will replace it with a more elegant declarative solution 
provided in terms of alignment conditions.  

 

Selection group. A selection group has content, selection criteria and constraints. The 
content is a set of NOs. It may be specified explicitly, by naming the objects, 
implicitly, via a filter expression, or be dynamically provided. The filter is evaluated 
on the whole repository of media items each time and just before a narrative thread is 
started. This allows the reuse of a narrative structure with different sets of media 
items. This mechanism is useful, for example, for news. Dynamic content reaches the 
group during programme delivery. This allows, for instance, the use of user generated 
content in ShapeShifting TV programming.   

A group, when reached in the narrative structure, is interpreted either into one 
narrative object (in the case of a single selection group) or a sequence of objects (a 
multi selection group) from its content. This interpretation is based on the selection 
criteria which are specified as expressions that evaluate to narrative objects. They, 
too, employ metadata, input values from engager and context information. Support for 
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disambiguation is provided, but, for this structure, we found it useful to separate 
refinement rules, for situations when more than one solution exists, from alternative 
rules, which resolve empty selections. Hierarchies of conditions can be expressed by 
nesting selections, refinements and alternatives.  

The constraints are only applicable to multi-selection groups. They specify the 
sequence in which a subset of the selected objects should be arranged. NSL offers a 
number of predefined criteria, including the specification of the minimum or 
maximum time length for the overall sequence, of content that should always appear 
in the sequence, and items that, if selected, should be neighbouring in the play-list.  

Each selection groups has an optional termination condition which may be used to 
loop its interpretation.  

 

Special annotations. Interactions, actions and editing rules are among the special 
annotations available in NSL. An interaction annotation is expressed through  
attributes including type, such as selection from a set or free text, cue to the engager, 
duration, referring to how long the engager’s should be waited for, and a default 
value, which denotes what should be used in the absence of the user’s input.  

Action annotations are employed for side effects. An action is effected when the 
inference engine reaches its corresponding NO in the interpretation process. NSL 
provides a number of predefined actions, such as to trigger the start of a dormant 
selection group or terminate a NO that is playing, but it also allows the use of custom 
specified procedures. In the latter case actions are called code points. Actions may 
also be associated with time points and regions within ANOs.  

Editing rules can modify the standard behaviour of the primitive structures. As the 
mechanisms associated with them are quite complex, they are not further described here.  
 

Interpretation. In generating a narrative thread, the Inference Engine interprets the 
narrative structures of the narrative space and produces playlists for narrative 
segments between consecutive interactions. The Inference Engine decides what is to 
be selected in a structure as it reaches that structure in the narrative space and is able 
to look ahead in order to apply constraints and editing rules. When an interaction 
requires a change in an already computed fragment that is yet to be rendered, the 
engine reverts to an earlier state and continues from there.  

NSL is a very powerful means of expression, whilst being interpretable in 
sufficient good time. Its recursive nature allows it to represent very complex narrative 
and interactive structures, and in various forms. So far, it has proved to be a good 
instrument for thinking and for expressing ideas, and successful in experimentations.  

6   Evaluation and Conclusions 

We have introduced an approach to creating truly interactive iTV productions which 
we call ShapeShifting TV and an accompanying representation language, the 
narrative structure language (NSL). Despite NSL being only a core, its power and 
potential have been demonstrated through the production of a number of robust 
ShapeShifting TV programmes, in drama, documentary, current affairs, and art. 
Accidental Lovers [21], a black romantic comedy, broadcast by the Finish National 
Television (YLE) in December 2006 and January 2007, is one of them. It is rewarding 
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to see “programming styles”, as individual forms of expression, emerging with NSL. 
They are the seeds for NSL’s syntax extensions and for further developments for 
capturing rhetorical and stylistic structures. The accompanying software system 
supports the whole production and delivery workflow. However, many extensions 
have already been designed, some of which are already in the development stage.  

Acknowledgments. This work was carried out within the European Union’s 6th 
Framework Programme Integrated Project “NM2: New Millennium, New Media” 
(IST-2003-004124).  
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Abstract. Digital TV has brought interactivity to television. Even
though actual capabilities of interactive applications are quite limited
due to immaturity of the sector and technical restrictions in the stan-
dards, the potential of interactive Television (iTV) as a multimedia and
entertainment platform is enormous. The existing gap between PC world
and iTV concerning graphics capabilities, may restrain the development
of iTV platform in favour of the former one. Support for 3D graphics
applications in iTV would boost this new platform with plenty of possi-
bilities to be exploited.

1 Introduction

There is a long way until we can see 3D-TV broadcasts [14], where the user
can choose the view point of the scene or where the user himself is immersed in
the virtual world [18]. Magnor [13] states that the new possibilities interactive
3D-TV offers to the user are too attractive to be ignored for long (pp. 6-7). As a
logical evolution, 3D-TV content will be first offered for conventional PCs, then
to game consoles to be finally adapted to set-top boxes connected directly to the
television.

With the arrival of Digital Television, first interactive applications are being
broadcast in DVB-S, DVB-T and DVB-C. Due to immaturity in the area, these
applications offer basic information, based mainly on text and some graphical
widgets [3,2] that enable interaction. Nevertheless, it is expected to see more
advanced applications when the market settles down and the hardware and soft-
ware technology becomes maturer. The DVB consortium1 has defined an open
middleware system that specifies the transmission, reception and execution of
interactive applications: DVB-MHP2. This open standard is being adapted to
new emerging platforms, such as DVB-H3 and IPTV.

Although 3D-TV will not reach us for a while, other 3D contents may provide
enhanced experiences while watching iTV. Available set-top boxes in the market
1 Digital Video Broadcasting (DVB); http://www.dvb.org
2 Digital Video Broadcasting (DVB); multimedia home platform (MHP) specification.

http://www.mhp.org
3 DVB for handheld devices. http://www.dvb-h.org

P. Cesar et al. (Eds.): EuroITV 2007, LNCS 4471, pp. 107–115, 2007.
c© Springer-Verlag Berlin Heidelberg 2007
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do not incorporate a graphic card mainly because they pretend to be cheap in
order to reach as much market share as possible, and secondly because the DVB-
MHP specification does not specify a 3D API. Cesar [1] proposes a revision of the
MHP specification, dividing the possible configurations of receivers into several
categories:

– Broadcast
• Basic: digitalisation of audiovisual content.
• Enhanced: support for DVB-J applications.

– Interactive
• Basic: Support for a limited XML user agent.
• Enhanced: complex XML support and thus convergence with WWW

content.
• High-End: support for all kinds of multimedia objects, such as video and

2D/3D graphics.

In the later profile a Java layer wrapping OpenGL ES functionality, such as
TVGL [24], is proposed. This feature would blur the edges between set-top boxes
and game consoles, allowing new services such as games and 3D commercials,
but requires a modification of the current MHP standard.

In this work we aim to insert an avatar in a MHP v1.0.2[4] compliant applica-
tion, which is the version supported by most commercial set-top boxes. Avatars
are virtual characters that can be used to improve appearance of iTV appli-
cations [9]. Moreover, their capabilities to reproduce human-like behaviour can
be used to improve human-computer interaction [20]. This new user interface
paradigm seems quite promising for a platform that lacks a window manager
and a pointer device, and where the traditional WIMP (Windows, Icon, Menu
and Pointers) paradigm may be difficult to use even for experienced computer
users [12].

In section 2 we evaluate different libraries available to implement 3D graph-
ics in an application. Later we describe the steps we followed to integrate a
scene graph API into a MHP application, in order to develop a user interface
based on avatars. Finally we analyse de performance we achieved and expose
our conclusions.

2 3D Support in MHP

The DVB-MHP standard defines a way to display 2D graphics on the screen,
but lacks a 3D API. We will analyse a set of 3D libraries to finally decide which
is the most suitable to work over the 2D API available in MHP.

2.1 MHP Graphics APIs

Java provides the Java Abstract Window Toolkit (AWT) to develop graphics
applications for PCs. But due to differences between PCs an TV screens [6,21],
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AWT is not optimal to be used in iTV applications. Therefore the DVB con-
sortium has adopted the HAVI UI API4 as the user interface solution for inter-
active TV applications [16]. Although AWT classes can be also used to develop
graphic interfaces, they have some limitations in MHP world, from which the
lack of a window manager and a free-moving cursor are the most important
ones.

2.2 3D Rendering Libraries

There are several graphic libraries thought to develop 3D applications for differ-
ent platforms. Some of them are complex scene graphs that provide abstraction
layers in top of more basic and low-level libraries. Here we will discuss the most
important ones:

OpenGL: allows creation of virtual applications offering a high performance
level, as they run in native code. It is one of the most extended 3D APIs,
with lots of abstraction layers (OpenInventor, Iris Performer, OpenGLOpti-
mizer, etc) and support in various programming languages (C, C++, Java,
Tcl, Ada, FORTRAN). It has versions for a lot of different architectures, but
is not suitable to distribute applications through Internet or broadcast, as
it must be recompiled for each architecture/operating system. The projects
JOGL5 and LWJGL6 aim at providing access to all OpenGL API func-
tionality from Java. Khronos group has proposed OpenGL ES7 as a new
standard for embedded systems. OpenGL ES is a subset of OpenGL instruc-
tions, creating a flexible and powerful low-level interface between software
and graphics acceleration.

DirectX: Similar to OpenGL, DirectX only works on Microsoft systems. It does
not provide software emulation for aspects not supported by the graphic card.
It is mainly used for PC computer games.

Java3D: is a powerful API to be used in Java applications. It allows devel-
opment of multi-platform, i.e. independent of the host system, applications
capable of showing 3D objects. This characteristic makes Java3D a perfect
option to build portable applications that will be executed through Inter-
net or in machines with different configurations and operating systems. It
is based on scenes, which makes it very easy to use. As a drawback, it is
not a pure Java library and it calls system libraries (OpenGL or DirectX)
to communicate with the graphic card. Systems with no available Java3D
plug-in can not execute Java3D based programs.

Xith 3D: is another open source scene graph for Java. It relies on low-level
APIs, such as JOGL or LWJGL, as the underlying renderer, but can be
controlled and even exchanged.

Anfy3D: is a commercial reduced version of Java3D. It allows creation of three-
dimensional universes and includes visual effects, such as shadows, texture

4 http://www.havi.org
5 Java for OpenGL: http://https://jogl.dev.java.net/
6 Light Weight Java Gaming Library: http://lwjgl.org/
7 http://www.khronos.org/opengles
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mapping transparencies, fog, etc. Its small size (about 100kB) makes it ideal
for applications where bandwidth is limited. It is completely written in Java,
so it is not necessary to install any plug-in. In case a graphic card is available,
Anfy3D may take advantage of its capabilities. Therefore any system with a
Java Virtual Machine may run an application with this library; if hardware
acceleration is possible, it will be used, otherwise all calculations will be done
by software.

2.3 Conclusion on 3D APIs

Currently, MHP does not define an API to render 3D graphics, so external li-
braries must be used. Native libraries must be specifically compiled for each
platform, so its impossible to broadcast them with the application; they must
be pre-installed in the receiver. Relying on native software not defined by the
standard does not guarantee interoperability, due to the diversity of manufac-
turers and middleware implementers. In some works[1,8] it has been suggested
an extension or modification of the MHP specification. In this case we want the
application to work on the current version of the standard. Therefore the ex-
ternal libraries must be written in Java and broadcasted with the application.
Among the libraries described in 2.2, the only one that fulfills the requirements
of being written in Java and not relying on native code is Anfy3D.

3 Implementation

The next step after choosing the graphic library (anfy3D), was to implement a
simple test to be run on a set-top Box. For this purpose we implemented the
tutorial provided by Anfy Team, in which a cube starts spinning around. This
is a simple scene with very few polygons, very suitable to test the validity of
the system. Except for some deprecated methods that are not available in MHP
1.0.2 API, this first application was quite successful. The cube was rendered by
different commercial set-top boxes.

Due to the complexity of constructing a whole 3D scene with a significant
number of polygons, we loaded a model stored in an obj file. We also added some
interaction through the coloured buttons of the remoter. In this case, interaction
was achieved successfully, but while some models where loaded and displayed
correctly, in some cases we encountered problems rendering textures.

Images are stored in a java.awt.Image instance. and are loaded in a platform-
specific manner, according to the JavaME documentation. In practice this means
that images are stored outside the Java heap, in a specific zone of memory
managed by, for example, C code.

Images must be processed to make them suitable to be used as textures. As
Image objects don’t offer the methods necessary to work on their data, Anfy3D
copies images into byte arrays, which are stored in the heap. As we can see in Ta-
ble 1, most of the available memory in a set-top box, is used for video, audio and
data decoding and buffering; application storage; and for platform management
(stacks, queues) [5]. This means that at the end only a small quantity of this
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Table 1. Memory characteristics of the set-top boxes used to test the application

Model Graphics/System memory Heap Memory8

Humax DTT-4000 64 MB 5652 KB
Philips DTR 4600 32 MB 4095 KB
ADB T75 dev 72 MB 7168 KB
SAMSUNG DTB-S500F 64 MB 5859 kB

Fig. 1. 3D avatars. a)Model with simple textures. b)Memory needed to store big tex-
tures exhausts heap memory. b)Same Model without textures runs on commercial STBs.

memory can be used by the Java heap for application usage. Therefore, loading
a 3D model with big textures will exhaust all available memory (Figure 1).

4 User Interface Based on 3D Avatars

Typically the main use of 3D applications has been in the game industry. Its
success is so big that devices designed specifically to run games have been cre-
ated: the consoles. This market is so competitive that pretending that a MHP
alike platform will be competing with powerful game consoles is quite doubtful.
Nevertheless, 3D graphics can be applied in other fields. But 3D graphics may
have other uses in interactive television.

One of the most emphasized advantages of interactive TV is its easiness of
use. As opposed to the PC world, where some technical skills are needed, the TV
8 Calculated with method java.lang.Runtime.freeMemory()
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is used almost by everybody, thus reaching most of the population. But when
developing interactive TV applications some of the constraints attributed to PC
world are maintained. Therefore, although everybody can use the television, not
everybody knows how to interact with it.

To achieve natural communication, channels between people and the set-top
box should be the same ones which people use in human communication. People
usually communicate with other people through the senses of sight and hearing
in order to interpret the input data of the communication. A natural interface
should be capable of speaking and gesticulating to imitate this behaviour. Our
approach is based on the use of avatars in simulating this kind of communication.
Avatars are virtual characters which make communication between user and
machine more natural and interactive. A growing number of research projects
have begun to investigate the use of animated life-like characters in natural user
interfaces because they present a priori a lot of advantages, which have also been
validated by many authors:

– Social Interaction: In 1994, Nass [17] carried out five experiments which
provide evidence that individual interactions between human and machine
are fundamentally social. More recently, Prendinger et al [22] reached the
same conclusion following another evaluation using a novel method based
on tracking users’ eye movements. His research also shows that users in-
teract with life-like interface agents in an essentially natural way. He also
realized that users follow the verbal and non-verbal navigational directives
of the agent and mostly look at the agent’s face. Human-like behavior occurs
during interaction with the computer and human-like behavior is expected
of the computer. Computer users turned out to be sensitive to flattery and
humor; moreover, they were very much influenced by the properties of the
synthesized voice in text to speech synthesis when assigning personality char-
acteristics to a computer [19].

– User attention: Animated characters are capable of capturing users’ atten-
tion, engaging users in active tasks, and entertaining them [7]. This is very
important for learning environments where a virtual character can have a
positive effect on the learning process, more so if it can show affective re-
sponses [10].

– Naturalness: Whether the virtual character is believable or not, the illusion
of life is generated and [23] the user has the illusion of interacting with a
real person.

– More information in the transmitted message: in the transmitted message:
In communication, facial expressions provide a lot of information. This was
demonstrated by Mehrabian [15], who shows in his research, that the 93%
of our messages are transmitted through through non-verbal language. 55%
is mainly based on facial and corporal motions, whilst 38% is based on the
use of the voice.

– Trustworthiness and believability: Generally the agents act when the user
authorizes them. If the user has to delegate some tasks to the agent, he/she
should trust it. It is believed that the level of trustworthiness is increased by
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the personification of the agent. Due to this, the design of the avatar is very
important. Koda [11] found that a realistic face is rated as more intelligent,
engaging, and likable than the less realistic faces.

The role of the avatar depends on the application; it can act as a guide or
assistant, as an information presenter and can even represent the user in a virtual
environment. In order to achieve natural behavior, both, non-verbal and verbal
behavior is essential. We integrated the following rules into the system:

– Non-verbal behavior is automatically given to the avatar. This behavior is
mainly based on an undulating head motion until speech is continued. The
virtual character is never motionless, giving the illusion that it is alive and
waiting for user feedback.

– Eye motion is randomly directed towards both sides and is very smooth.
The pupils are dilated and contracted giving the illusion that it is watching
different points of light.

– The avatar blinks randomly.
– The eyebrows are raised with changes of tone and pitch.
– In order to understand that there is a specific stress for semantic reasons.

The facial animation is strengthened by raising the eyebrows and making
the head nod.

5 Performance

The application has been tested in the following equipments:

– XletView on PC
– Osmosys emulator on PC
– ADB T.75 development set-top box (Osmosys middleware)
– Humax DTT-4000 set-top box (Alticast middleware)
– SAMSUNG DTB-S500F (Alticast middleware)

The final size of the avatar application is of 126 KB. The weight of the 3D
engine itself is only of 57.5 KB. The model of the avatar must be sent with the
application, and its size varies depending on the complexity of the model and
the textures used. In 1 two different models can be seen; the simple one needs
112 KB to store its data, meanwhile the woman needs 211 KB. Here we can see
that the size of the models supposes half of the total weight of the application,
thus, making the weight of the 3D engine of less than 20% in this simple case.

The results of running the application on a PC9 emulator showed that the
40% of CPU cycles where used to execute the application in the case of Xletview
with no video rendering, and more than 90% in case of Osmosys emulator, with a
video being displayed on the screen. When executing the application on real set-
top boxes, with a CPU running at less than 200MHz, it could be seen that, even
though the application run with no errors, the rendered frames per second where
pretty far from those rates required for an animation with minimum quality
9 Intel Pentium IV, CPU: 2’40GHz, RAM=512MB
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requirements. When a minimum of 15 frames per second are needed to perceive
movement, the time required to render a single frame was of several seconds.

6 Conclusion

In this work we have seen the way to render 3D graphics in MHP applica-
tions running on available commercial set-top boxes following DVB-MHP 1.0.2
standard. Current set-top boxes limitations in memory and processor capacity
impose some restrictions that could be easily overcome by including a graphic
processor in the device. Only High-End set-top boxes will be expected to support
one such graphic card while it is supposed that Low-End devices will improve
their features both in memory and processor capacity. Therefore we think that
the extension of DVB-J with an API for 3D graphics should be flexible enough to
run on Low-End set-top boxes with an all-Java implementation, and still being
able to take the maximum advantage of capabilities offered by 3D graphics cards
with a Java layer wrapping OpenGL ES. Standardizing a low level API, such as
TVGL, or JOGL would give enough freedom to use any high level scene graph,
allowing even a solution that implements 3D functionality by software, in order
to run applications with low requirements.

Support for 3D graphics applications would enable new ways of interactions
between the user and the set-top box, as they may improve greatly the inter-
activeness experience of the end user. Using multimodal avatars as the human-
computer interface would reduce the level of skills and knowledge required to
interact with these applications, thus making easier the use of new technologies
by more people.
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Abstract. We present the results of two studies on social television concepts. In 
one study, a Social TV prototype was tested in the field, allowing groups of 
users watching television at home to talk to each other over an audio link. 
Specific patterns of use are described, showing that users did perceive the 
system to be valuable. In another study, focus groups were presented with 
several Social TV concepts, and their responses were collected. These 
participants saw only moderate to marginal value in the concept. We discuss the 
discrepancy with reference to the limitations of each method. 

Keywords: Interactive Television, ITV, social television, field test, focus group. 

1   Introduction 

Although the popular stereotype presents television watching as a solitary, asocial 
activity, the social uses of television have long been recognized. Both at the time of 
watching and after the fact, television serves a number of social purposes, such as 
providing topics for conversations, easing interaction, and promoting feelings of 
togetherness [12]. Conversely, the sociable aspects can be important motivations for 
TV viewing, such as when someone watches a television program in order to 
participate in conversations about it later. 

Much of the time people watch television they do not do so by themselves, but 
with family, with friends, or in public places such as sports bars [14]. However, it is 
not always possible to be together when watching a show. More and more people live 
alone [18], and while communication technologies make it possible to stay in touch 
over distance, they also mean that more of our relationships are with people in remote 
locations. 

Providing a response to these developments, “Social TV” is a label for Interactive 
TV (iTV) systems that support the sociable aspects of TV viewing [9] [16]. Although 
in principle this includes improvements to collocated interaction, most of the work on 
social television involves integrating remote communication capabilities with a 
broadcast TV feed. Typical Social TV communication includes presence (what 
channel and program someone is watching), text, voice, video, or some combination 
of these. 
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Interest in enabling communication through the television has increased 
dramatically in the last couple of years. However, although there are compelling 
reasons to explore social applications for the TV, we should not for that reason take 
for granted that such offerings will be widely adopted. The previous attempt to 
integrate communication and broadcast television, AOLTV, proved to be a flop [11], 
one of iTV’s many false dawns. Additionally, the notion of communicating through 
the TV set overlaps with video telephony, a technology that has been a perennial 
failure outside of a few specialized niches. These precedents are not promising. 

It has been argued that Picturephone, AT&T’s 1960s–70s videophone system, 
failed in part because it did not take into account how people actually interact [15]. 
And one reason for AOLTV’s downfall may have been that it was not properly 
adapted for a situation with multiple simultaneous users, and the social dynamics that 
entails. 

Therefore, as we try to use the television to bring people together, it is important to 
understand how people behave in this new situation, how they find the technology 
useful and valuable, and in which ways it creates problems for them. That is the goal 
of the research presented in this paper. We focus our discussion on people’s reaction 
to the concept, and the evidence as to whether it adds value to the experience of 
watching TV. The answers to these questions may determine the success or failure of 
social television. 

2   Related Work 

Basic ways for viewers to communicate with each other through their TV sets have 
existed for some time, without the need for specialized technology. For example, 
some television stations let their viewers chat with each other by sending SMS text 
messages from their mobile phones, which are displayed on-screen as part of the 
broadcast. AOLTV, a set-top box  launched in 2000, offered users the ability to send 
and receive instant messages (IM) and email on their TV, with programming playing 
simultaneously in a picture-in-picture window [5]. While AOLTV went off the 
market in 2002, these features are now part of many iTV services. 

Several conceptual, prototype or research systems for social television have been 
described, and to various degrees implemented. AmigoTV includes a particularly rich 
set of interaction options such as animated emoticons [9]. 2BeOn is a workbench 
system for integrated interpersonal communication on a TV [1]. Coates sketches out 
some hypothetical social software for set-top boxes, including ways to make digital 
video recording social [8]. An argument for integrating IM with iTV is laid out by 
Chuah [7]. In Telebuddies, “laid-back” social interactions aim to bring people closer 
together by having them work together in a TV-related game [13]. 

In TV Cabo Interactiva, communication takes the place of a public, text-based, chat 
room offered for selected shows (football matches and debates) [17]. Cesar et al. go 
further to propose ways for viewers to enrich broadcast content and share the result 
with other users [6]. 

The systems mentioned so far are all presented through the TV. Fink et al., on the 
other hand, provide a TV channel chat room through a separate laptop computer, 
gathering presence information from the TV audio through the PC microphone [10]. 
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Recently, websites such as BuddyTV1 also allow users to chat while watching TV, 
though presence has to be managed manually. 

While many systems, both conceptual and real, have been reported, we find only 
one study that focuses on the actual use of social television applications. Oehlberg et 
al. looked at groups of people watching TV in a lab setting, some in the traditional 
way and some with an audio connection to another group watching the same program 
in a different room [16]. Their interaction was studied using conversational analysis, 
and insights from this led to a number of proposals for how to design for distributed, 
sociable television viewing. 

Oehlberg et al. observe that “more studies in ‘natural’ environments (e.g. a 
participant’s own home)” would be the next step of the research, and this is the path 
we had independently started down in order to understand how social television could 
find a place in the living room. 

3   Methods 

Motorola’s work on Social TV emerged from several studies that we conducted on 
family communication and use of media. These found that “people who want to 
build/maintain relationships but live far apart can use mediated communication 
technologies to develop ‘close’ relationships through a virtual experience of being 
‘physically’ close,” and that sharing the experience of commercial content is an 
important way to maintain a personal connection [2]. In one study in particular we 
noticed people calling each other during a TV show they were both watching, so that 
they could watch it “together.” These observations suggested that people might want a 
Social TV application to foster social interaction around broadcast content. 

In order to investigate how people act and interact through a system like we 
envisioned, what kind of value they got from it, and if it introduced new problems or 
issues, we combined a number of different methods. Our primary research has so far 
included paper prototyping tests, lab tests, field trials and focus group sessions. By 
comparing the results of each, we hoped to be able to triangulate the information and 
hopefully converge on more reliable answers to our research questions. The findings 
from the field trials and focus groups form the basis for this paper. 

3.1   Field Trials 

For the field trials, we used a prototype that simply set up an open audio connection 
between two or more televisions. We used an open microphone and the television 
speakers to enable conversation. Users could control the conversation volume and 
television volume separately with a remote control. This straightforward setup 
allowed us to test the most important Social TV functionality. The features of the 
prototype were similar to that of Oehlberg et al. [16], but we set ours up in the 
participants’ own homes; for a live TV show of their own choosing; and connected 
them to their own friends or family. We ran four trials with this prototype. Each trial 
lasted for one hour, and the participants watched live programming that had been 
agreed on in advance. Participants were recruited from our social networks using the 
                                                           
1 http://www.buddytv.com 
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friend-of-a-friend method. 11 were male and 8 female, and all were non-engineers. 
The programs consisted of an American football game (2 households, with 5 people 
watching), a basketball game (3 households, 5–10 people at various times), a home 
decorating show (2 households, 2 people) and an animated comedy followed by a 
sitcom (2 households, 2 people), respectively. In the first trial a mother connected to 
her son, daughter-in-law and grandchildren, in the other trials the participants were 
connected to friends and their friends’ families. The participants were video taped 
during the trial (the researchers were not present), and interviewed immediately 
afterwards. We also recorded the programs they watched. 

 

 

Fig. 1. Participants in field trials watching TV and talking. The images are from different trials. 

We used a form of grounded theory analysis to understand the data, applied as an 
affinity diagram technique [3] [4]. Because we had well-defined research questions 
but also wanted to probe more deeply into the reasons for the answers, the analysis 
was both deductive and inductive. We began by watching and listening to the video 
tapes, synchronized with the recorded program. We pulled out raw data from the 
sessions and interviews that addressed the research questions. These items were 
grouped based on the patterns that emerged, and the resulting organization of the data 
surveyed to answer the research questions. The findings were then compared with the 
results of the other methods. 

3.2   Focus Groups 

In addition to the direct observation of people using the system, we ran a concept 
study to test the appeal of communication and interaction through the TV, as well as 
four other, more advanced concepts which have no direct bearing on this paper. The 
study consisted of 7 focus groups (and a pilot group) followed by a data analysis 
workshop. In the focus groups, which lasted for two hours, participants were shown a 
number of storyboards depicting possible Social TV scenarios and were asked to 
discuss the ideas with respect to their own needs and lifestyles. They also filled in 
worksheets with ratings and other information. 
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Fig. 2. Storyboards shown to participants in the focus groups to illustrate Social TV scenarios 

In all, 53 people participated in the focus groups. Each group represented a 
particular gender and age bracket, with participants from 17–61 yrs. The groups were 
selected so as to include people with and without children, and for other demographic 
characteristics considered to be relevant. The concept study was run by an 
independent consultancy, with researchers from Motorola Labs involved at each step 
of the design and execution. 

Quantitative data from the focus group was analyzed statistically. Observations 
from the conversations were extracted, and we performed an affinity analysis on these 
items to identify key themes and see patterns emerge. A report described the findings 
and insights from the qualitative and quantitative data, which were held up against the 
findings of the other studies for comparison. 

4   Findings 

4.1   Focus Groups 

In the focus groups, participants had mixed feelings about the overall idea of 
communicating through the TV. Some called it “intriguing,” “interesting” and even 
“wonderful.” At the same time there was considerable skepticism, with others 
describing it as “weird,” “unnecessary” and “pointless.” Despite the hyperbole, 
ratings showed a moderate response, falling mostly near the middle of the scale. 

When we look more closely at the general lack of enthusiasm, a couple of possible 
explanations stand out. Several participants found no value in linking the personal 
communication to broadcast content. They considered that a television program 
would be an irrelevant distraction from their interaction with other people, for which 
existing communication technologies (telephone, email, IM, etc.) were sufficient. 

The complementary argument—that having a communication channel open while 
watching would interfere with the TV viewing—was even more common. In a 
number of the groups, people argued that television was their “down time”, the only 
chance they had to relax and unwind. The social demands of holding up their end of a 
conversation, of just relating to other people, was the last thing they wanted. They 
speculated that it would be time consuming, and argued that they simply couldn’t fit it 
into their schedule. Some participants were also concerned that having others on the 
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line would interrupt and disrupt their viewing, causing them to miss parts of the show 
they were watching. 

Another way to frame these objections is to say that the participants in question 
claimed simply not to want to watch television with other people, except for special 
occasions. The unanimity of this response should not be exaggerated, however. There 
were other users who could see themselves using it on a regular, not just exceptional, 
basis. Sports broadcasts were the most oft-mentioned “regular” television events that 
our participants saw as good opportunities to use the system. This accords well with 
the observation that sports are often experienced in crowds, such as in an arena or a 
sports bar, and among groups of friends. Other examples included cooking shows and 
certain movies. Several participants suggested that men would use it mainly (or only) 
for sports, while women might be more inclined to talk during other programming.  

There also seemed to be a group of participants who acknowledged the value of a 
social television system as a way to stay in touch with loved ones, particularly 
parents. These people were more positively inclined towards the concept, but some 
noted that the television broadcast was not an essential element of this contact. Each 
of the focus groups brought up the idea of adding a camera and using the TV screen 
as a videophone. However, they also raised privacy concerns over the idea of a video 
camera in their house. 

There was no such ambivalence about audio. The participants rejected out of hand 
the idea of having to type in text in order to communicate. They were uniform in their 
opinion that communication should be mediated by voice, and that talking should be 
made as natural as possible. 

4.2   Field Trials 

In contrast with the focus group subjects, the participants in the field trials were on 
the whole very positive towards the concept and their experience with our prototype. 
Our users called the experience “a blast,” “fun,” “so cool,” “a good time,” and “the 
best thing to happen to TV since DVR.” A minority had reservations, mostly about 
technical issues that cropped up during the trials. One participant felt that it was 
something of a novelty, although “not as frivolous as that word connotes.” Another 
opined that although she enjoyed the experience, this was not a technology for her, 
because she would only rarely use it. 

Interestingly, people were more enthusiastic after trying it than they were 
beforehand: “Before going into this I thought ‘What would I ever use this for?’ But it 
was a totally different experience actually doing it. Because I totally changed my 
mind. […] I would totally use it!” 

For all the participants, we found evidence that the social television experience 
added value over and above watching alone. In some cases it came close to the 
experience of actually being together: “I kind of forgot I was talking through the 
television at some point. I just was talking and could hear Mom.” “It felt like she was 
in the room.” 

The social television system helped to relieve boredom and provide distraction 
during commercial breaks and slow segments of the show. Users rarely channel 
surfed during the commercial breaks. Instead they would indulge in small talk (“What 
did you do this weekend?”), continue discussions about the show, or even comment 
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on the commercials themselves. Participants indicated that they enjoyed this aspect of 
the experience: “I never get a chance to tell someone ‘I like that commercial,’ ‘I don’t 
like that commercial.’ ” Having a conversation going on during the commercials did 
not keep our participants from performing other tasks in these breaks, such as sending 
kids to bed, playing with the dog, looking over homework, or getting a snack. 

The communications link gave the participants someone who could provide them 
with information. In the sports sessions, this use of the system took the form of 
questions about players and their histories, requests for explanations of the state of 
play, and having others repeat bits they didn’t catch. For the animated show, it meant 
pointing out pop culture references. “Maybe if we’re talking while we’re watching 
this I’ll get more of the inside jokes.” These interactions served a social as well as a 
utilitarian purpose. By helping each other out and validating each other’s expertise, 
the participants affirmed and maintained their social ties. 

The system allowed the participants to share their interests with other interested 
people. “Geeking out” over a common interest was one of the things that really got 
our participants excited. “I like listening to [my friend], and [we both] comment on 
‘Oh, that rug’s cool!’ or ‘Oh, that rug’s ugly!’ ” One of their exchanges: “Oh, they’re 
going to use that as art!” “You’re so funny! (Laughs)” 

Finally, the sociability itself was valuable, because of the pleasure it gave our 
participants. We saw the system relieve loneliness (“You feel like you’re not really 
alone in the home”), enhance the intensity of the experience, such as when two rooms 
would cheer together at an event in the game, and allow some participants to have 
contact with loved ones. 

One of the most gratifying findings from the field trials was just how natural the 
flow of conversation turned out to be. The ease of verbal interaction appeared to be 
closely tied to how well the participants knew each other. In one trial where the 
participants were not close friends, turn-taking and pauses in the conversation were 
much less smooth than in the other sessions. This meant that their conversation 
interfered with watching the show. The type of show was probably also a factor in 
this, as this was the group watching the animated comedy, and risked missing both 
punch lines and plot twists, something the groups watching sports and home 
decorating did not have to worry about. 

Other trials exhibited different problems. In the largest, three friends were 
connected together with audio while watching basketball, along with their wives and 
children. The sheer number of people talking was quite overwhelming, with 
conversation sometimes drowned out by noise. Of course, one could argue that 
bringing three families with seven kids between them together to watch TV would be 
overwhelming under any circumstances, but it does demonstrate that creating a 
“sports bar at home” could run into some difficulties. 

An unanticipated effect of the prototype was a displacement of sociability. One of 
our participants confided that because he was interacting with his friends, he was 
paying less attention to his son than he would have done otherwise. By bringing 
outsiders into the family room, social television can intrude on important “quality 
time,” and weaken the closest ties even as it builds relationships with more distant 
people. On the other hand, when the other person is not an outsider, the feeling of 
intimacy can extend across the connection, as expressed by a grandmother talking to 
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her son’s family: “If I close my eyes I can picture all of you in your family room, chit-
chatting. […] I can picture everything that’s happening.” 

Although social television begins to approach the experience of watching 
something together, there are also important differences. The participants who 
watched basketball pointed out that the system did not provide the physicality of 
actual presence. Normally, they would jump up, “high-five” each other and hug when 
their team did well. Another difference is that because the interaction happens only 
through the TV set, the communication remains anchored in the shared content. One 
of our participants explained that having friends over to watch DVDs was different 
because they would also do other things, and just talk while leaving the TV on in the 
background. 

Most of our participants agreed that Social TV was especially well suited for sports 
programs, and men in particular saw this as what they would use the system for. 

5   Discussion 

The field trials and focus groups came to the same conclusion on some questions. 
They both agreed that Social TV works well with sports. And they both suggested that 
Social TV is primarily a way for people who already know each other well to be 
together, not, for instance, a way to meet new friends. The value of an audio 
connection over text was affirmed in both. 

However, while most of the focus group participants saw moderate to little value in 
the concept, the people in the field study liked it and demonstrated a long list of ways 
that it does add value. While the focus groups worried about the ways it would disrupt 
their TV watching, the field study participants were able to manage interruptions in 
most cases. How do we explain this? 

Most of the field trials consisted of watching a particular show, agreed-upon in 
advance. However, in one of the trials the show only lasted half the length of the 
session, and the two participants had to find something else to watch for the last half. 
This proved to be a difficult and time-consuming process, and ended with the 
selection of a program one of the participants didn’t really want to watch. 

It is possible that even though the field trials are very natural in many ways, they 
are artificial in that most of the sessions involve shows that the participants have 
agreed upon in advance, that they are all interested in, and that they are all committed 
to watching. Perhaps this degree of harmony is a rare occurrence, and the field trials 
present the social television experience under ideal circumstances. 

On the other hand, it is debatable how realistic the contrasting case is, with two 
users (or groups of users) sat down at a particular time and told that they have to find 
something to watch now, and with each other. More likely, Social TV will be used by 
people who already know each other and already watch the same program. Our users 
confirmed that there were things they watched regularly that they knew their family or 
friends also watched. 

Many of the focus group participants said they preferred to watch TV alone. In 
this, they may be following a cultural expectation that television is not a social  
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activity. Focus groups can be heavily influenced by such assumptions. Conceiving of 
TV in non-social terms could be the reason why they, along with the users in our field 
trials, were not able to predict that using Social TV would be so enjoyable. The 
difficulty of imagining something they have no experience with surely also factors in. 

We found that people who knew each other well had a better experience with our 
prototype than less close friends. It is possible that the focus groups would have been 
more favorably disposed if the scenarios had emphasized close ties of family or 
friendship between the characters. In either case, the fact that field trial participants 
who were skeptical at first became more positive once they had actually tried the 
system suggests that the ambivalence of the focus groups might be turned around with 
hands-on experience. 

6   Conclusions 

Social television is an exciting topic within iTV. The real-world significance of Social 
TV depends on good understanding of the uses, purposes and problems of such 
systems, in order to design and position them correctly. Using complementary 
methods, we investigated these questions. On a number of issues the evidence 
converges on an answer. However, on several important points the methods seem to 
diverge. By considering the limitations of each technique, we suggest explanations for 
the apparent discrepancies and draw tentative conclusions. 

People have a strong sense that sports is the type of programming most compatible 
with social television. Attempts to deploy Social TV features should consider 
optimizing for the characteristics of sports viewing. 

Our field trials show that under favorable conditions, social television offers a 
compelling and valuable user experience. However, findings from the focus groups 
and other considerations raise some doubt as to how common these conditions would 
be. These concerns suggest that designers might wish to explore features aimed at 
easing and promoting watching together. For example, a system could use 
collaborative filtering or other recommender systems to suggest programs that two 
users might both want to watch. 

The study as a whole underlines that the family is still the primary unit for 
television-watching. A Social TV system should take care not to break these family 
bonds. Instead, families that are split up and separated by distance, such as parents 
who work far from home or travel frequently, could be a group of early adopters. 

The only way to know if the conditions are right for Social TV is through a longer 
field study, observing actual use over time. This is the next stage of our research, and 
will show whether social television is at best a niche application, or a pervasive part 
of the future television viewing experience. 
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Abstract. The adoption of digital television (DTV) could be particularly 
attractive for older people if appropriately designed. This paper explores the 
development of a novel interaction design approach specifically to support 
people who are reluctant or have difficulty using desktop technologies. Using a 
simplified remote control, four different navigational layouts were tested and 
evaluated with older users, primarily to assess their ease of use. The results 
presented indicate promising new directions in the development of visualization 
and navigation metaphors and concepts within the context of user-led activities 
on DTV for older adults.  

Keywords: Interaction and participatory design, older users, information 
visualization. 

1   Introduction  

Over recent years, technological advancements and the convergence of more 
computer-based services within the home is an indication of the future possibilities of 
DTV. New opportunities exist in the development of applications that move away 
from the desktop paradigm into new realms of domestic technologies that support 
more socially oriented activities for a wider range of people. For older people, known 
variations of age-related changes to vision, cognition and manual dexterity [8] make a 
necessary and potentially advantageous area of research, the inclusive design of 
digital applications and services to support this heterogeneous segment of the 
population.  

The research presented is part of an ongoing research project exploring how DTV 
could be appropriately designed to support older people, by adopting an overarching 
approach which puts the users’ perspective at the forefront of every design decision 
made. This paper presents a study, which has examined new interactive and 
visualising techniques to support more dynamic operations involved in interaction 
with user-led, television-based sociable applications.  

2   Early Requirements Gathering 

Methods for eliciting needs in the design of user-centred systems have been found to 
be problematic when working with older users [7]. Although not true of all older 
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adults, HCI researchers have found noticeable issues in relation to many older people, 
who lack the experience to understand, and thus criticise products and design 
concepts [6].  

In view of these issues and known challenges, our early requirements gathering 
studies explored imaginative methods to gather appropriate information from older 
people, with little to no experience in using computer-based systems. Live theatre, 
comprising of older audiences, researchers, professional actors and a script writer, and 
user-centred paper brainstorming sessions with older user groups were used to 
provoke discussion on various sociable application areas via DTV. These sessions 
were successful in probing how older users would use such systems in ‘real-world’ 
settings, and raised a number of issues in relation to etiquette and social protocol, 
acceptability, usability and input control. Crucially, they helped confirm audience 
members’ apprehension and uncertainty in using current DTV, and illustrated the 
need for new interactive approaches that are far more intuitive to this heterogeneous 
group. Of a range of possibilities, that included exploring reminder and prompting 
applications, one key area of interest was the development of an appropriate video-
based application that would facilitate social communication with distant friends and 
family [12].  

3   Hi-fidelity Prototypes  

As a result of these studies, the research has focused on exploring alternative 
visualizing methods to organize information on DTV. This is particularly important 
given the tendency of navigation involving instantaneous ‘snapping’ from one screen 
to another (i.e. the status quo) to disorient many older users, leading them to get lost 
in the system. We have investigated more ‘natural’ and ‘spatial’ ways of thinking 
about the display and interaction of on-screen content within a domestic environment. 

Within DTV, while studies have explored means of enriching sociable aspects of 
television viewing via voice [14] and integrated web-based communication [10], it is 
unclear the extent such application areas would interest more marginalized, and less 
technologically orientated audience groups. In the UK, a recent report by Office of 
Communications illustrated that “nearly two in five (37%) of people aged 65 and over 
spend ‘all or nearly all’ of their leisure time at home, compared to 17% of all UK 
adults” (p. 8. [11]). Based on findings like these, and given the extent television usage 
is known to give, among other assets, companionship for many older viewers  
[see 13], the design of more appropriate applications and services could offer huge 
benefits for many older adults. Unfortunately, despite such potential, a lack of user-
centered research presently hinders more creative development in this area.  

Given these issues, four prototypes were developed to explore different ways older 
users may interact with on-screen content, within the context of developing 
applications to support areas of ‘sociability’. In particular, they were developed 
around a ‘multimedia scrapbook concept’, in which the support of asynchronous 
forms of communication, namely the sharing of photographs and music, text-based, 
and more prominently video messages would be available to the user as a separate 
activity in addition to watching a programme or interacting with an EPG. In more  
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detail, it was envisaged this system would allow for the storage, organization and 
viewing of personal multimedia content, with the added facilities to share it with other 
people within the users’ social circle. Primarily web-based, the system was designed 
to work both on PC and STB platforms, with real-time support from web-camera 
facilities. Given current advances in home multimedia and STB systems, it is 
expected that equivalent facilities could be available in the near future, deliverable 
over IP and cable networks. 

Largely influenced by the visualization work of Bederson et al [e.g. 2], Card et  
al [3] and Fry [9] a selection of interfaces were developed and tested using various 
graphical techniques aimed at enhancing a sense of continuity, primarily to avoid 
disorientation due to snapping from one on-screen item to another, by exploring more 
physical means of representing graphical information within a 2D screen (see figures 
2-5). These interfaces were all developed to be used with a simplified remote control, 
comprising of six navigational buttons, of which one (the “In” button) had a dual 
function as a ‘in’ and ‘select’ button (see figure 1). Given current usability issues with 
remote control handsets [4], buttons were much larger and appropriately grouped. 
Critically, all the interfaces were consciously designed to be equally applicable to the 
navigational functions of the remote control.  

 

Fig. 1. Illustration of the remote control handset 

As conventional interface models have been designed using principles drawn from 
the workplace, and built using principles such as efficiency and productivity [5], the 
interactive techniques applied in this study, focused on the ideas of continuity, 
exploring concepts of engagement and  ‘ease of use’, ‘affordances’ and a form of 
‘navigational narrative’. In more detail, the prototypes took into account the 
generational differences of potential users, by exploring more ‘natural’, and ‘real 
world’ metaphors and visual cues to directly and visibly guide users through the tasks 
at hand, while trying to reduce the complexity of displaying multiple amounts of 
information at one time. As a control comparison to these novel approaches, a fourth, 
more traditional, interface was built based upon the familiar linear navigational 
structures found on current digital interactive systems. 
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Fig. 2. (Left) Screenshot of the Carousel interface; (right) Items can be selected by pressing the 
left and right navigational buttons to smoothly rotate around the carousel. Typically, once the 
item in the forefront of the screen is selected, it zooms to the back of the screen to form a 
continuation of the history list. The remaining layer then slowly transits towards the right of the 
screen and the next layer subsequently emerges to allow selection.  

 

Fig. 3. (Left) Screenshot of the Flipper interface; (right) Items are organized, in this case 
monthly, by separating them onto individual sheets of paper. To select a message, users flip 
over the paper by consecutively moving the left and right navigational buttons. Users can also 
zoom in and out of the paper to select and watch a pre-recorded message.  

 

Fig. 4. (Left) Screenshot of the Transparency interface; (right) Once a menu item like ‘video 
messages’ is chosen, the application automatically zooms onto the menu item, becomes semi-
transparent and the subsequent layer is revealed. Users then have the options to zoom back, or 
to zoom in to reveal the underlying item. 
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Fig. 5. (Left) Screenshot of the Standard DTV interface; (right) Users can scroll up and down 
each item by pressing the up and down buttons. To select an item, they press the ‘in’ button. 
Users move across menus by pressing the left and right navigation buttons. 

3.1   The Procedure 

In total 19 people aged between 60 and 84 years old (7 males and 12 females) were 
recruited from the local area, from a broad mixture of computer and DTV users and 
non-users.  

Using a qualitative, ‘Wizard of Oz’ type approach participants were asked to 
simulate navigation of a real-time system, in order to give a realistic sense of how the 
interfaces would perform before further implementation and development. For this set 
of studies the investigator used a standard keyboard to mimic user reactions, based on 
the input selections made using the remote control. This was largely due to some 
technical difficulties in mapping between buttons and functions across the interfaces 
created.  

Initially, pilot studies identified a number of issues in relation to users 
understanding the set-up procedure, and that users found the initial number of tasks 
rather overwhelming. Based on this feedback, aspects of the sessions were then 
amended before the main study. 

During the main study, sessions were divided into three parts. Firstly, given their 
limited technological experience, older participants were shown four simple 
navigational examples and were guided through the process of how they would 
control the interactive content using the simplified remote control. This was done to 
allow them to get familiar with using the remote control handset and have an 
understanding of the different navigational concepts. Once participants felt 
comfortable with the tasks at hand, they were then presented with four prototypes, and 
asked to try to complete two tasks: i) record and send a new video message; ii) find 
and replay an ‘old’ (previously recorded) video message. To limit any bias of 
learning, the study counterbalanced the presentation order of interfaces across 
sessions. Once complete, each participant was asked to fill in a questionnaire 
summarizing their feedback on the different layouts used during the one hour session.  

To replicate a real world system, the prototypes were iteratively developed in 
Adobe Actionscript 2/Flash 8, in conjunction with Flash Media Server (FMS) for real 
time video streaming. Earlier versions of Flash Player (5+), a standard for delivering 
web-based content are now increasingly supported on a number of commercial set-top 
box systems [1]. Information was displayed on a 26” LG widescreen LCD television 
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connected to a single PC, using a Logitech Quickcam Pro 4000 web camera for audio 
and video messaging.  

3.2   Results 

Overall, users were highly engaged and intrigued by the prototypes used. In some 
cases, inexperienced participants were more apprehensive and/or uncertain in making 
screen selections, having asked for more confirmation in actions they were about to, 
or had undertaken. In other instances, users felt very comfortable in experimenting 
with the different layouts, and were confident in their actions made. Hesitancy, at 
times was dismissed with an expectation that understanding of the different layouts 
would be acquired through practice. However, it is difficult to assess the extent older 
users would persist with more difficult aspects of the layouts, were they at home in a 
more familiar setting. Based on the varying degrees of learnability, reflected in the 
ageing dynamics of the group, only six participants managed to finish all tasks within 
the one hour allocated.  

In terms of prototype preferences, more users favored the elliptical carousel design 
(see figure 2), commenting on its simplicity, easy of use and ability to guide them 
through the various steps at hand. However, participants were largely positive about 
all the interfaces shown, despite the observations finding noticeable differences 
between what users’ said they preferred, in comparison to what they could actually 
do. This was often complicated by the visual prompting necessary to remind users of 
the different layouts used at the end of a session.   

With regards to constructive feedback, participants were less critical of the layout 
themselves, and praised the ease of use compared to more conventional computer-
based systems. In particular, they were far more self critical for not understanding 
aspects of the layouts, rather than as a result of the designs implemented.  

To illustrate some of the results, a selected summary of the questionnaire and 
qualitative study is given below. 
 
• The remote control  
The handset was rated very highly for being big and simple to use, with comments 
that the keys were easily distinguishable, particularly in comparison to more standard 
remote controls. In one case it was directly compared to a mobile crane control in its 
shape, design and functionality, while favorable remarks were made that it had the 
simplicity of something a young child could use.  

Some mapping issues were observed in relation to the different on-screen layouts, 
particularly as the learning and unlearning of each prototype further complicated the 
direct manipulation of screen objects. The ambiguity of the ‘in’ and ‘out’ buttons, 
referred to as the ‘positive’ and ‘negative’ (see figure 1) and multi-functionality of the 
‘in’ button, in comparison to the ‘out’ button which singularly operated navigation 
also caused some confusion, as one participant commented:  
 

Every fiber of my being wants to press the out button, because it’s going out… 
you’re actually in the place, you’re in the recording studio as it were, so to  
send the message you would be sending it out, or is that stupid?   
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• Video messaging  
Given the novelty of video messaging for many of the user group, some users were 
somewhat reluctant to see themselves for the first time on-screen. Noticeable 
problems with the four button video controls (record, play, stop and send) included a 
tendency for participants to repetitively repress buttons to stop functions, highlight 
but not select items, and more generally forget appropriate mappings, even after 
correct button sequences were made.  

In terms of their understanding of video messaging, similar analogies were made to 
the use of more conventional technologies, with parallels to a video cassette running 
inside the system (to stop recording a message). Observations revealed intriguing 
patterns of behaviour, where for example, one participant would press play before the 
record button to create a new message. When asked why he did this, he explained that 
this is how he would record something on this stereo at home (pressing ‘play’ and 
‘record’). Such, variable differences in the ways technology can be perceived to work 
by older generations was well summarized by one person’s remarks: 
 

I was fourteen when I left school, and technology for me was when I learned  
how to use a pencil sharpener. 

 
• On-screen navigation 
The studies found noticeable differences between the newly designed and more 
conventional layout. For example, most people liked and understood the techniques of 
slowly zooming in and out, and rotating through information, which in conjunction 
with ‘real world’ metaphors, such as the use of ‘flipping’, or turning over of graphical 
objects, (termed by one user as ‘natural progression’), to reveal subsequent layers, 
were relatively easy navigation concepts to understand. In relation to these 
approaches, users commented on the visibility of information, which was 
purposefully limited to a minimal selection of items per screen. 

In comparison, it was discovered that the more traditional linear drop-down boxes 
and menu lists of the Standard interface proved far more difficult to grasp, for unlike 
the other interfaces, information was largely concealed from view. Users often 
became flummoxed regarding where to find information, such as a specific contact 
(i.e. in an address book). For example, they were initially unaware (without advice) 
that they had to scroll down a list to find such information, despite at times seeing 
screen prompts like the directional arrow keys. Common assumptions were made that 
when a contact was not directly visible to view, that they would be available on a 
separate drop-down menu with the heading of photographs, (as each contact was 
visually represented as an image of that person, they were mistakenly thought of as a 
‘photograph’). In addition, navigational choices between the ‘down’ navigation button 
to open a drop-down menu box, and ‘in’ to select items were very confusing concepts 
to remember. At times, observations revealed users would select items, then (not 
realizing the item was selected) would attempt to re-select. In other instances, when 
the information was not directly available to view, users would select the ‘press to go’ 
(on-screen) button (sometimes referred to as the ‘go’ button), assuming this would 
help them in the process of finding the relevant information. However, this option was 
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only designed to take them to the next screen in the application once all appropriate 
menu selections on that ‘page’ had been made. Consequentially, this only contributed 
to more navigational problems.  

Alternatively, layouts that demonstrated aspects of continuity appeared to have 
clear strengths in aiding navigation. These included (although not always noticeable 
at first) the design of the 3D graphical history in the Carousel that perceptually 
illustrated the sequence of steps selected. In this case it was suggested that additional 
search facilities should be available in the navigational line, to find, for example, 
when a previous message was sent. A highly liked interface, the 3D motion of the 
Carousel, was favored due its fluidity and simplicity of movement in which 
information was sequentially presented (with related information still visible). Minor 
criticisms of this approach involved the slowness of the moving carousel to return 
back to previous screens. Consequentially, the speed of the carousel could easily be 
rectified in subsequent software development. However, this issue does highlight the 
complexity of adequately matching user with system requirements, given such 
variable needs. In addition, creative suggestions included the ability to hold down key 
presses to speed up transitions, with ideas from some computer users of an equivalent 
‘home button’ as found on a typical web browser. As previously mentioned, other 
transitional aspects of turning and zooming in and out to reveal underlying 
information in the Flipper version, which was designed with a very real-world 
metaphor in mind similar to sorting through stacks of physical paper, was easily 
identified with, and thought useful in searching through larger amounts of data.   

Visually similar in design to the Flipper, the use of semi-transparency overlays (in 
the Transparency version), while not the case for all participants, appeared an 
unnecessary distraction, causing users to overly hesitate in trying to select un-
selectable items, and reposition themselves nearer the TV screen to read on-screen 
text. This noticeably caused more difficulties for those people with low vision.  It is 
possible that altering the level of transparency may alleviate these difficulties, 
although it may also be that the overlay approach itself is not helpful for older adults. 
These issues warrant further investigation. 

Given the diversity of older users, particular their inexperience with ‘traditional’ 
forms of digital technology, the research also identified more general issues 
governing successful interaction. For example, despite limiting menu choices to a 
selection of four items at any one time, individuals still made assumptions like, for 
example, the choice of  ‘pictures’ instead of ‘video messages’ (to send a video 
message), as in one case the recipient of the message would perceive ‘seeing’ the 
incoming message, presumably like a picture. Examples like these, clearly 
demonstrate the inherent challenges in mapping ‘appropriate’ operations with 
functions in any interactive system, given differences in how some older people will 
‘perceive’ the technology to work. 

As a final example, the findings revealed an immediate expectation by a few 
individuals to automatically speak into the screen to record a message, without 
pressing any buttons or navigating to any specific point on screen. Although this may 
be accountable to initial nervousness in using the system, it does demonstrate another 
challenge presented by older users unfamiliar with even the basic concepts of video 
messaging. 
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Fig. 6. Screenshots of participants interacting with some of the different interfaces presented 

4   Conclusion and Further Work 

Significant work is needed on the design of interfaces that can support the skills and 
abilities of a heterogeneous ageing population. As a result, more research is necessary 
to embrace the need for far more creative and useable interfaces for older adults - a 
significant challenge given the potentially widening gap of inclusivity for this largely 
emerging and developing technology. 

Preliminary evaluations have found that the use of ‘continuity’ potentially offers 
more ‘intuitive’ approaches for people unfamiliar with associated interactive systems. 
In particular, the authors believe more dynamic navigational techniques that can 
mimic aspects of real world artifacts, in a manner individuals can quickly relate to, 
present possible new direction within DTV interface design. However, the success of 
such a system is dependent on user-centered research approaches, which can take into 
account the value of a ‘dual interface’ system, such as an appropriate inputting 
control, as well as on-screen interaction.  

Our research in developing a simplified six-button remote control received high 
praise from older users, despite its rather early stage of development. In comparison, 
the study found a number of weaknesses in the design of more conventional layouts, 
which have drawn ideas from desktop metaphors, particular in their concealment of 
information using standard drop-down and scrolling menus  

As an extension of this project, the research is now focused on more quantitative 
analysis of understanding more detailed aspects of continuity and interactive narrative 
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with DTV, using a fully functional remote control. These include the visualization of 
potentially much larger and therefore complex sets of data that could be annotated and 
organized by audiences of older people. Given the objectives of this current research 
project, methodologies will continue to be applied which reflect the user-centered 
nature of this investigation.  
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Abstract. Television and the Internet have proven to be a popular combination 
for both broadcasters and viewers. Because of this popularity they are increas-
ingly facing the consequences of central bottlenecks, which could be overcome 
by taking a different approach: Peer-to-Peer (P2P) technology. P2P systems can 
only be successful with as much cooperation among as many users as possible. 
We explain how this cooperation is hard to enforce, and how inducing it might 
be more successful. This paper lists relevant psychological backgrounds that 
can be used to induce this cooperation, along with possible applications for our 
system called Peer-to-Peer Television (P2P-TV). 

Keywords: Peer-to-peer technology, inducing cooperation, altruism, (social) 
psychological theories.  

1   Introduction 

The world of television is expanding its traditional broadcasts with flexible, nearly 
unlimited access to content and narrowcasting of niche content over the Internet. For 
many, YouTube.com has set the trend of massive injection and distribution of user-
generated content. But the Internet is not only used for user-generated video content. 
The combination of television and the Internet gives broadcasters the chance to reach 
a much bigger and diverse audience. Users are no longer restricted to fixed broadcast 
schedules and have faster and more dynamic access to more content. However, cen-
tral websites like YouTube have drawbacks. Client-server architectures are unfit for 
large amounts of users trying to access the same file at the same time, resulting in re-
duced quality-of-service (QoS) and availability of content, plus delays and increased 
download times. Large servers are needed to support this large community. By using 
Peer-to-Peer (P2P) technology it is possible to remove all central bottlenecks. How-
ever, the performance in a P2P system fully depends on the level of cooperation.  

There are advantages as well as disadvantages to P2P technology. Both users and 
broadcasters benefit from P2P technology for the following reasons: 
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− P2P technology will have low cost of ownership for content, because it aggregates 
distributed resources through smart interoperability,  

− One-click uploading and distribution to thousands of viewers of user generated 
content becomes possible with hardly any costs involved, 

− Television broadcasters do not need an expensive and high maintenance central 
server. The existing infrastructure is used and any maintenance effort is distributed 
over the users, 

− It is perfect for distributing large files among large amounts of viewers at the same 
time, because the more viewers, the faster the download will become.  

This only holds if all users are prepared to contribute as much as possible. How-
ever, for online systems it has been found that only 1% of the users is responsible for 
almost all contributions, about 9% contributes every once in a while, and 90% only 
lurks and contributes nothing [1-3]. The latter want a high profit at no costs. In P2P 
networks there is an increased chance of social loafing, because people think it is less 
likely that they will be evaluated on an individual basis [4, 5]. P2P technology allows 
this kind of behavior because of one of its main characteristics, namely no central 
server with the following consequences: 

− There is no central authority in charge to monitor the network, safeguard the tech-
nical and artistic quality of content, and metadata describing the files.  

− The system can be misused deliberately or unintentionally. If users misbehave, 
they usually remain unseen. 

− The system depends on the availability of distributed resources and good quality 
content. But P2P networks consist of diverse and anonymous users, and most of 
them usually do not feel responsible to contribute to the community, apart from the 
technically enforced tit-for-tat (t4t) mechanism as used in BitTorrent [6].  

A technological solution would be regulation or enforcement of more cooperation. 
However, this is limited, because it would require complex distributed algorithms, in 
which decisions have to be made at each local peer, usually with little global knowl-
edge [7]. An alternative is to look for means to induce massive, positive, and volun-
tary cooperation of users. For this, we need to know what could possibly motivate  
users – in particular the majority of ‘lurkers’ – to behave altruistically. The aim of this 
paper is to look for human motivations that can be used to induce cooperation in P2P 
networks. To this end (social) psychological literature was reviewed using keywords 
like altruism, cooperation, and prosocial behavior. In section 2 we reflect on coopera-
tion in Peer-to-Peer Television (P2P-TV). In section 3 relevant psychological back-
grounds are presented together with possible applications.  

2   Cooperation in P2P-TV 

P2P-TV [8] is one of the research vehicles of the I-Share project [9]. Within this pro-
ject we will make our ideas about how human cooperation can be induced operational 
and tested in future versions of P2P-TV. Within this project we identified the follow-
ing 4 aspects of cooperation that are essential for the success of P2P-TV:  
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1. Peer uptime. When a few peers stay online for a long period of time, the health 
and availability of content is improved. 

2. Donate bandwidth. Users should donate their upload bandwidth even after their 
download(s) have finished.  

3. Injection. It is vital that fresh content of good quality is available.  
4. Moderation. With P2P networks there is no immediate certainty about what con-

tent is being distributed. It could contain viruses and possibly, copyrighted content. 
Moderation is quality control that consists of ensuring that both metadata and con-
tent is protected against intentional pollution and user mistakes.  

These aspects are not easily enforced, but inducement of cooperation might be 
more successful. We believe P2P-TV users can be induced to cooperate voluntarily in 
an online environment where there are no real face-to-face encounters, nor a central 
authority to enforce this cooperation, because people do help others: next to selfish 
behavior, altruistic motives abound. The term altruism (a.k.a. prosocial behavior in 
social psychology) refers to all actions that provide benefit to others but that have no 
obvious benefits for the person who helps [10]. Altruism not only occurs in real life 
(e.g. donating blood), but also in virtual environments. Just look at Wikipedia.org or 
Flickr.com. Wikipedia is a web-based, free-content encyclopedia, written and moder-
ated collaboratively by volunteers. Flickr is a photo sharing website. Users contribute 
not only by putting their pictures on the website, but also by annotating and moderat-
ing them. In previous work [11] we have made an inventory of mechanisms to induce 
massive and voluntary cooperation already used in state-of-the-art websites, among 
which Wikipedia and Flickr. In the next section some of these mechanisms are used 
as examples of how relevant psychological backgrounds could be applied in P2P-TV. 

3   Relevant Psychological Backgrounds 

People often behave seemingly less selfish in situations that involve or affect others 
than they would when it only affects themselves. What people decide in these situa-
tions sometimes seems hard to explain from a selfish point of view. This section ex-
plains the underlying rationale of what seems irrational at first sight. To reach this we 
should look at what theories can possibly explain altruism and how they can be ap-
plied to P2P-TV. We present a list of 13 theories and we discuss their usefulness in 
the context of P2P-TV. They are mostly taken from (social) psychology and evolu-
tionary biology. We do not claim to be complete, but we do think that this list gives a 
good overview of human motivations that could underlie altruism. The theories are 
listed in order of their frequency of operationalizations in state-of-the-art websites.  

Costly Signaling Theory 
People provide large benefits to others even when they know this help will not be re-
ciprocated, because this costly, altruistic act may benefit the altruist indirectly by 
gaining status [12,13]. McAndrew [13] states: “If one can afford to expend a great 
deal of money, energy, or time in a manner that seems to be irrelevant to one’s selfish 
interests, then the resources that one has in reserve must be very great indeed.” This is 
also called competitive altruism [14]; altruism, if publicly displayed, increases the 
reputation and status of the altruists, which makes them more attractive interaction 
partners. Mauss [15] found strong examples of competitive altruism amongst tribes 
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along the North Pacific coast of North America who, in a ceremony called Potlatch, 
give away valuable goods to display wealth and status. The other tribe is expected to 
reciprocate with interest. Not being able to reciprocate means a loss of rank or status.  

Application: It is important to realize that this theory will only work in P2P-TV if 
people’s behavior is visible to others, as this boosts their self-esteem and is beneficial 
to their status and reputation. Costly signaling can be found in almost all investigated 
websites and applications, among which SETI@Home (Fig. 1). Users make much 
personal information public, thus making themselves vulnerable to malicious others, 
but also making themselves more trustworthy and interesting to possible interaction 
partners. It is important to allow users to stand out of the crowd.  

 

Fig. 1. A public SETI@Home user profile, often used to show off with in message boards 

Social Impact Theory 
This theory explains that the group influences the decisions that individual members 
make. The likelihood that a person will respond to social influence will increase with: 

1. Strength: the power and status of the group,  
2. Immediacy: how close the group is to you in space and time, and  
3. Size: as group size increases, ‘diffusion of responsibility’ occurs more often: each 

member feels less and less responsible for the task, and puts less effort in it [10].  

Application: The third point is especially important for P2P systems, in which people 
hardly ever feel responsible to contribute. To make sure that users take responsibility, 
it should be possible to start and join small enough groups that are powerful and ex-
clusive. This way they will value belonging to that group much more and contribute 
more voluntarily. The need to belong is fundamental to a large part of the investigated 
websites and applications. For instance, MySpace, YouTube (Fig. 2), and Flickr all 
evolve around communities. 

 

Fig. 2. ‘Guitar’, one of the most productive and largest groups on YouTube 

Social Exchange Theory 
When people give something, they expect something in return. Social exchange the-
ory explains that the goods that are exchanged need not be of the same type. Esteem is 
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regarded as an exchangeable good as well [16]. The fear of loosing esteem could also 
make people try to compensate by helping more. The goods exchanged usually differ 
between exchange relationships (e.g. business relations) and communal relationships 
(e.g. close friends) [17]. Exchange relationships have a much shorter ‘return-on-
investment’ time.  

Application: The social exchange theory can be easily applied in P2P-TV by provid-
ing the means to express approval or disapproval in return for received help. This is 
very similar to eBay’s user-to-user moderation involving a transaction between a 
buyer and a seller (Fig. 3).  

 

Fig. 3. Expressing approval or disapproval about a transaction in eBay 

In P2P-TV we require immediate reciprocity of bandwidth (for which exchange re-
lationships are ideal), and we should allow delayed reciprocity for communal rela-
tionships. In other words, allow for different return-on-investment times for different 
relationship strengths. To the best of our knowledge, this has never been built in any 
other application or website. It also implies that users must be able to set the relation-
ship type, similar to for instance Orkut, which uses the types ‘best friends’, ‘good 
friends’, ‘friends’, ‘acquaintances’, and ‘haven’t met’. 

Social Learning Theory 
Most human behavior is learned observationally through modeling the behaviors, atti-
tudes, and emotional reactions of others [18]. People observe others, form an idea of 
how new behaviors are performed, and use this information in later situations as a 
guide. People will adopt modeled behavior quicker if the model is similar to the ob-
server or enjoys a high status and admiration from its peers.  

Application: Translating the similarity principle into P2P-TV implies that we have to 
show the similarity between two users, for instance in their taste for TV-shows, like 
what Last.fm does with the similarity in taste for music (Fig. 4).  

 

Fig. 4. Similarity in taste for music between two users of Last.fm 
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This is what we also recognize in Amazon’s “Customers who bought this item also 
bought”. Another application is, if we want users to set an example to others, that 
their altruistic behavior should be as visible as possible to others. The more visible 
someone’s behavior is, the more likely someone else will follow his footsteps. Yet 
another option is to create a role model with a higher authority, who can set an exam-
ple to newbies and explain the social norms.  

Social Balance Theory 
People seek balanced states in their relationships, called interpersonal consistency 
[19], both in the context of dyads as in a peer group. For instance, liking the per-
son/group you are associated with, or disliking a person/group you are not associated 
with, are both states of balance. Imbalance will make people act, either by changing 
their sentiment about or their association with that person or group. These principles 
are quite similar to cognitive dissonance theory and social identity theory. 

Application: Users should feel the need to belong to groups in P2P-TV. This is quite 
basic to social software, like Skype, Orkut, or MySpace. This need can be exploited if 
the groups are formed around the 4 aspects of cooperation in P2P-TV, for instance 
the ‘injection’ group. People will be allowed to join after they have injected fresh con-
tent. This is similar to the application of the social identity theory. 

Group Selection Theory 
The group selection theory states that selective forces can act on competing groups of 
individuals, not just competing individuals. Darwin himself was the first to suggest 
that altruism evolves by group selection. This theory suggests to account for behav-
iors observed in both human and animal societies that appear to benefit the group, 
even to the cost of individuals.  

Application: Translating these principles P2P-TV implies that we should enable 
groups to form within the application, and that users should be informed of the 
group’s power and reputation. 

Social Identity Theory 
Group membership contributes to establishment of a positive social identity [20]. The 
greater the number of prestigious, restrictive groups an individual is admitted to, the 
more his self-concept is reinforced. The value derived from joining a group can de-
pend on the effort it took to become a member. A group that accepts anyone without 
any restrictions, won’t boost the members’ self esteem. People usually try to maintain 
positive views of the groups they are linked to, are positively biased in their judg-
ments of other individuals in those groups, and negatively biased to those outside of 
the groups they belong to.  

Application: As was said before in the social impact theory, people have a need to 
belong. If someone belongs to a group within P2P-TV, it is likely he will contribute to 
that group. Moreover, the groups should have rules for admitting people, like hacker 
communities in which newbies first have to prove their hack-skills before they get 
admitted. Another example is Orkut. People can only join if they were invited. We 
should create a feeling of exclusiveness. It is also important that it is visible to which 
groups a user belongs, because it boosts his self-esteem if he knows others can see he 
belongs to a very exclusive group. 
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Theory of Reciprocal Altruism 
The theory of reciprocal altruism explains that cooperation is conditional: A cooperator 
will keep helping an unrelated individual, unless the latter refuses to reciprocate [21].  

Application: The implications of this theory for P2P-TV are that if we want users to 
help each other repeatedly, it must be possible to keep track of their given help / re-
ceived help ratio and make it visible to others. Another consequence is that users must 
be able to rebuke each other for not reciprocating help. Of course, the opposite is just 
as important: show approval for reciprocating.  

Equity Theory 
This theory emphasizes fairness. People expect a fair share of available resources that 
is appropriate to their status [22]. If not, they may experience cognitive dissonance.  

Application: For P2P-TV we propose to use these principles by making transactions 
transparent: Show how much others contribute in respect to their available resources. 
This is more than the BitTorrent sharing ratio, which is based on the tit-for-tat princi-
ple: people must give as much as they have received.  

Kin Selection Theory 
This theory has its origin in Hamilton’s theory of inclusive fitness [23]. It states that – 
given a cost/benefit ratio -altruism is more likely with higher relatedness. If two indi-
viduals are sufficiently closely related, altruism can benefit reproduction of a set of 
genes, despite losses to the individual altruist. The benefit of altruism decreases rap-
idly with declining relatedness [24].  

Application: Kinship could be translated into friendship, as is done by many social 
networks, for instance in LinkedIn (Fig. 5). Instead of showing the relatedness be-
tween two peers, we should show the degrees of separation (1st degree = friend, 2nd = 
friend of a friend, and so on).  

 

Fig. 5. Degrees of separation in LinkedIn 

Theory of Group Cohesiveness 
This theory explains how small, face-to-face informal social groups exert pressure on 
their members to uphold social norms. Cohesiveness is defined as the resultant of all 
the forces acting on members of a group to remain in the group [25]. The determi-
nants of group cohesiveness are: 

1. Attractiveness of the group to its members, 
2. The mutual attraction of those members to each other as individuals, and 
3. The mediation of individual goals by the group. 
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Application: Even though this theory was formulated for situations of face-to-face 
encounters, we can apply it to encounters in P2P-TV as well. The more users identify 
with a group and its members, the more they will feel obliged to uphold the social 
norms of that community. This means we should make information about a group and 
its members as visible as possible. 

Cognitive Evaluation Theory 
Faced with a task, people evaluate it in terms of how well it meets their needs for feel-
ing competent and in control. If they think they will be able to complete the task, they 
are ‘intrinsically motivated’ and don’t need further external motivation. The cognitive 
evaluation theory was formulated to explain effects of rewards, feedback, and other 
external events on intrinsic motivation [26]. In contrast to operant conditioning - 
where desired behavior can be reached by rewards and punishments - the cognitive 
evaluation theory states that extrinsic motivations can have a counter-productive ef-
fect on intrinsic motivation, because they conduce toward an external perceived locus 
of causality. Too much rewards or punishments will have a counter effect if partici-
pants perceive them to be controlling, rather than supportive [27, 28]. 

Application: The implication for P2P-TV is that we need to find a balance between 
facilitating and enforcing cooperation. However, it seems difficult to advice on appli-
cations of this principle.   

Self-affirmation Theory 
This theory explains how the overall goal of people is to protect their image of self-
integrity, of their moral and adaptive adequacy [29]. When this image is threatened, 
people will respond in such a way that is least harmful to their self-worth. There are 
two ways to respond to such threats: 1) through defensive responses that directly re-
duce the threat, and 2) through the affirmation of alternative sources of self-integrity. 
An example: If you show me how I cannot sing, I’ll go and play guitar even more, 
which I know I am better at.  

Application: We should make it possible for users to specialize in one of the 4 as-
pects of cooperation in P2P-TV, for instance allow them to become ‘top moderators’.  

Summary 
Social psychology literature on human cooperative behavior turns out to be a useful 
source for deriving motives to cooperate in P2P systems. The search resulted in a 
great number of proposed applications: show the similarity between users, make be-
havior publicly visible, make it possible for users to express approval or disapproval 
about each other, allow different return-on-investment times for different relationship 
types, show how much others contribute in respect to their total resources, exploit the 
need to belong, and make groups small, powerful and exclusive, allow users to stand 
out of the crowd, display information on friendship and the degrees of separation, let 
users specialize in one of the four aspects of cooperation, keep track of the given 
help/received help ratio, make information about a group and its members visible, and 
finally, make users feel intrinsically motivated to cooperate. This list points out the  
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following general properties that always have to be taken into account when trying to 
induce cooperation in P2P systems:  

- Exploit the need to make friends, belong to groups as well as the need to stand out 
of the crowd, 

- Status and reputation are extremely powerful, and 
- Use the fact that people seek balance and avoid imbalance. 

The examples given in this paper suggest that these properties can be incorporated 
into technological systems.  

4   Conclusions  

P2P technology is vital to the Television in the future, with cooperation being the 
most challenging problem in P2P systems. We listed 13 theories, which provide fer-
tile ground for solving that challenge. This publication is the first recipe for address-
ing cooperation in P2P systems with a profound theoretical background. It seeks to 
bridge theory and practice by applying all theories to the relevant context of use.  
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Abstract. Investigating the context home becomes more and more necessary 
for future developments of interactive TV services and of new interaction 
techniques. In this paper, findings from two ethnographic studies are presented. 
In these studies a new methodological variation of cultural probing called 
creative cultural probing (CCP) was developed. The aim of our research was to 
investigate activities and interaction techniques in the living room and beyond. 
In this paper, the results of the studies are presented and some major trends for 
the home context are highlighted. The studies indicate that supporting social 
interaction and personal activities as well as personalization, security and 
communication needs have to be addressed in the future more thoroughly.  

Keywords: context home, living room, ethnography, cultural probing, 
interactive television. 

1   Introduction 

Information and communication technologies (ICTs) and other technological 
innovations have a tremendous influence on and play a major role in people’s daily 
life. Home studies are central to understand the process of domestication and 
consumption of domestic technologies [18]. Researchers from various fields started to 
investigate people’s daily usage of technology in the context home by using and 
adapting various methods. Ethnographic studies and cultural probing [7, 11, 10] are 
used to obtain a more in depth perspective on today’s trends in the living room.  

To inform new forms of interactive television (iTV) services and interaction 
concepts, we investigated current trends in the living room and beyond. We 
conducted two ethnographic studies using a new methodological variation of cultural 
probing. This methodological variation enabled us to use and stimulate the creative 
potential of the study participants to invent, investigate, suggest or even produce new 
forms of ICTs they would like to have in their living rooms. The main research 
questions for the first study were: What kind of activities and interactions take place 
in the living room? and How can peoples’ activities and interactions be supported by 
interactive TV services in their homes? The second study is also based on these 
questions but focuses more on the extended home context. In each study were 
addressed three different research topics. The first study aimed to better understand 
the living room as a main space for interactions. Moreover, people’s activities in front 
of the TV as well as people’s requirements regarding interaction techniques in the 
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context home were investigated. The second study should provide deeper insights in 
the areas of extended home, shared experience, and new interaction concepts.  

2   The Method 

We developed a variation of cultural probing called creative cultural probing (CCP). 
The developed CCP cards offer two main advantages: First, they are following a 
special topic for each week within the ethnographic studies, like [sitting] in front of 
the TV. This weekly topics were extended by semi-structured stimuli and increased 
users involvement into the studies and stimulated a creative idea generation process 
within the participating households. Second, the creative cards were supplemented by 
photo and video documentation facilities (disposable cameras and multi-functional 
video cameras). Moreover, a first visit and a final interview were conducted in the 
households in order to discuss the material produced by the household themselves. 

Even though our studies might not be described as ethnographic studies in a 
classical ethnological or sociological sense as described by Fetterman [6], Atkinson 
[2] or Geertz [8] we analyzed our collected material like traditional field notes. 
“Writing descriptions is not merely a matter of accurately capturing as closely as 
possible observed reality, of ‘putting into words’ overheard talk and witnessed 
activities. […] But, in fact, there is no single ‘natural’ or ‘correct’ way to record what 
one observes“ [5]. We present our ethnographic field notes as an attempt to make 
sense and help interpret the material we collected from each topic we addressed1. The 
two reported studies were embedded in a larger project framework (iiTV@home and 
iTV 4 ALL), which will be described briefly in the following sections. 

3   The Living Room Context 

To explore people’s activities and interactions in the living room we conducted an 
ethnographic study from May to June 2006. We recruited participants from an 
existing field trial of iTV in the Federal Province of Salzburg. The project called 
iiTV@home (information oriented interactive TV at home) mainly focused on the 
development of new forms of news and information oriented regional iTV services. 
Based on former studies [15, 4] we recruited households with elderly participants or 
with more than three family members. These households are more likely interested in 
the services offered during the three month field trial. From the 40 households within 
the iiTV@home project 16 participated in the ethnographic living room study.  

Participants’ media habits were explored in detail. The amount of TV sets ranges 
from one to four sets among the participating households, nearly half of the 
households own two TV sets. The primary TV set is usually placed in the living room. 
At the same time, the living room is, apart from the kitchen, one of the most important 
rooms for social interaction at home. Six households have also Internet access in the 
living room. The reasons for watching TV are rather divergent: from being 
entertained and receiving information to recreation. The participants were especially 
                                                           
1 As the whole study was conducted in German, the quotations used in this paper are translated 

to English. 
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interested in news with local and national content, documentaries and sport reports. 
Many participants also identified watching TV as a major common activity, along 
with eating and playing games.  

3.1   Set-Up of Study One 

The ethnographic study conducted lasted three weeks. In the interview at the end of 
the study we discussed the results of the probing material with the most active 
participant in the household. Each of the 16 households received a package with 
several CCP cards for a three weeks period accompanied with a pre-questionnaire to 
capture demographic data and TV viewing behaviours. Figure 1 shows one of the 
packages. Participants were asked to store the package on the table of the living room 
to enable all family members to actively contribute during the whole week.  

In addition, eight households got a multi-
functional video camera and eight households a 
disposable camera to record their ideas and 
contributions. Within this first study we addressed 
the following topics: In the living room, in front of 
the TV and interaction techniques in the context 
home. These topics were selected based on 
previous findings in the field of iTV services [15].  

Fig 1. Creative cultural probing 
package with disposable camera 

3.2   The Living Room 

We made efforts to gain a better understanding of the physical space of the living 
room and its contributions to the concept of home. Venkatesh [18] points out: “The 
physical space has both a functional and a symbolic value”. To explore this context, 
we asked participants to use the probe package and mainly to fill out the creative 
cards. “In front of the TV” included sentences to be completed, for example: ’I have 
an idea…’, ‘I write down information about …’, ‘I am working on …’. Other 
questions included elements and symbols to engage individuals to encourage family 
collaboration during the study. We, for instance, asked participants to name five 
things they like to do in the living room, things they would like to change in the living 
room, to adopt it to their needs. The living room is still the main place for social 
interaction among family members. It is central for most of the family oriented 
activities – either technologically oriented like watching TV – or non-technological 
social activities like simple card playing. People described the living room as a 
recreational area. Most activities mentioned are related to watching TV, listening to 
music or simply playing with the kids or the pets. The living room is an important 
place for socializing with family members, friends, guests or neighbours. It is a place 
where people meet and discuss about everyday occurrences; they take care about their 
loved ones. The five most mentioned things people do in their living room were: 
socializing, watching TV, listening music/radio, reading and playing.  
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A participant (male, 46 years old, 2 children) summarized in an interview: “I can 
watch TV, be lazy, read something, … In the living room I have a lot of fluffy things 
which make me feel at home and comfortable. I spend my time there when all my work 
is finished – unfortunately only in the evening. But the living room is also the place 
where my son plays on the Play Station”. One participant (male, 67 years old) said: 
“We designed our own house as an open space, where the kitchen and the living room 
are one big room with different spaces. I can cook and serve the food or drinks to my 
guests in the same room, I can watch TV on my comfortable chair, I can listen to 
music and have some day dreams. I can read the newspaper, sort the advertising or 
read the daily mail… and I can change the look of the room, whenever I want. But, I 
have still to buy a new entertainment rack, as there is not enough space for all the 
technology (TV, DVD player, digital TV receiver, stereo system) in the living room.” 

Roles and usage patterns in the living room are influenced by age, the number of 
family members and work as well as leisure activities, and last but not least by time. 
The living room is the place where people find the quietness, relaxing atmosphere and 
privacy they need. It is a personal and social space for relaxing and dwelling, but is 
also characterized as a technological space. People often do not realize the technology 
surrounding them, until they are asked for it. Technology is integrated into the 
physical environment and has become part of it (domestication process [9]). 

3.3   In Front of the TV 

In front of the TV people typically want to relax, but are interactive at the same time 
[13]. Interactivity is an integral component of the iTV user experience, presumed that 
interactivity is not understood in a technological sense, but defined as a psychological 
and emotional process. While watching TV people precede to do a lot of different 
activities, like changing the sound of the TV several times, depending on contextual 
influences (for example getting a call from a friend). A female participant (45 years 
old, living with her husband, three children and the grandparents) stated: „Most of the 
time I talk to my family – but they normally tell me to be quiet [laughing] … so I go 
on with my housework, like ironing, writing the shopping list or reading the 
newspaper. Late in the evening, I have more time to watch TV, as the others are 
sleeping and most of the work is finished, then I can watch TV, when I know that there 
is something interesting on the TV (I always check this in advance)… sometimes I’m 
upset because I missed or forgot a program. Therefore, I would really like to have a 
kind of time shifting, so I can watch the program when I’ve time, which is quite 
rare…” 

Other participants reported that they take notes while watching TV. They write 
down Internet addresses, telephone numbers, names of experts mentioned within a TV 
program. They also write down lottery results or compose their shopping list. 
Socializing, discussing and sharing information is also a main activity in front of the 
TV. This clearly demonstrates how active people are in front of the TV and that they 
do not only concentrate on the program, which is going on, but they complete 
different TV related and non-TV related activities. One of the main challenges for 
designers, especially for iTV designers will be to support such activities or to 
transform the above data into new ideas for home based technologies. 
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3.4   Interaction Techniques 

In a first step we focused on the traditional 
way of interaction with the TV – the remote 
control. Some participants were quite creative 
when demonstrating their difficulties with 
today’s interaction techniques in the living 
room. In one household the children draw 
their desired remote control (see Figure 2). 
“… the remote control should have a funny 
and cool shape (like a pyramid), an 
integrated clock and a function to see what’s 
going on in different channels. The remote 
control should be small and handy” (2 girls, 
11 and 13 years old). 

 

Fig. 2. Design of a remote control with 
the shape of a pyramid, done by 2 girls 

Some additional remarks can be made about the usage of the remote control. A 
participant (male, 42 years old, 6 household members) explained that: “Our TV 
remote control is very old… we have fixed it several time with glue strip,… we have 
also bought a new one, but we still use the old one, because it is easier to use… we 
know where to press to get what we want. We use only selected buttons of our remote 
controls… some are really useless.” Five out of 16 households described to us, that 
they have replaced or changed their remote control because it was broken. Only two 
households reported that they bought a multifunctional remote control. 
Multifunctional remote controls were often too complicated to use for many of the 
household members (elderly or females), so that a coexistence of old and new remote 
controls can be found in such households. A more technical oriented participant 
(male, 45 years old, and engineer) described his idea for a remote control as follows: 
“I need a multifunctional remote control, because I like to program it according to 
my preferences... define which button has a particular function and so on. In addition, 
it must have a simple interface, so that also my daughter can use it… I though about a 
LCD display and a kind of trackball on the remote control, with which I can navigate 
through the menu. Moreover, speech recognition – similar to mobile phones – could 
be used to choose a program or to select other functions.” 

3.5   Findings: Study One 

1. The living room is a social and individual space, where technology is an important 
but not recognized as an essential part. Technology becomes part of this personal 
space only when it supports the feeling of being at home, to be private and to relax.  

2. TV viewing is strongly related with other activities, by doing other things in the 
background or doing things at the same time, like watching TV and talking to 
somebody on the phone. TV is perceived as a medium for recreation and 
information, depending on the context, including time as a major contextual factor.  

3. Remote controls are often perceived as unusable and participants complain about 
the large number of multiple remote controls in their homes and their complexity. 
Some quite clear solutions have been elaborated and expressed by the participants: 
focusing on the most important buttons and supporting additional requirements 
through display or a menu on the remote control. 



 Trends in the Living Room and Beyond 151 

Inspired by the results of creative cultural probing, we developed the probe 
package further and used it in an even broader study by approaching three topics, 
emerged from the first research and based on current trends and developments (e.g. 
extended home concept). 

4   The Living Room and Beyond 

To investigate current usage trends of ICTs within the living room and beyond, we set 
up a second ethnographic study. We also used the CCP method within this study 
which was conducted as integral part of the ongoing project iTV4ALL. We 
investigated the concept of extended home, shared experience, and new forms of 
interaction techniques. The iTV4ALL project currently focuses on the development of 
new forms of interaction techniques within the context home, especially on new 
concepts of iTV services combined with intelligent remote controls. We recruited 40 
participating households for this second ethnographic study. None of the households 
participated in any of the former studies. During the recruiting interview we classified 
20 households as media-entertainment oriented, 20 other households were recruited 
representative for the population of Austria. We chose 14 households with more than 
three family members and six households with couples for each of the two groups. In 
a pre-questionnaire we investigated detailed characteristics about the participants’ 
homes. People used several TV sets and most of them owned at least a VCR, DVD-
player and a radio. The main activities participants mentioned for daily entertainment 
in their spare time were watching TV, radio, mobile phone telephony, reading and 
using the computer. Thus, using devices as entertainment seems to play an important 
role in the daily routines of the participating households.  

4.1   Set-Up Study Two 

During the study ten media-entertainment households tested a universal remote 
control. 20 households were equipped with a multi-functional video camera (Mustek 
DV5200 or Mustek DV 9300). The other households used a one way disposable 
camera. All households received a package with creative cards and some modelling 
clay. We additionally developed a card game to increase involvement of kids. 
Distribution of cameras and card games was counter-balanced between the two 
household-groups. Households testing the remote control were selected randomly. 
The researchers had requested that participants take a photo each time there is a 
symbol on the CCP card or they are on the road and in contact with technology (this 
activity was made clear to participants as it was important to obtain more information 
for the extended home concept). 

4.2   Understanding the Extended Home Concept 

Extended home (Xhome) can be defined as: “the family accessing communication 
elements, or media entertainment and consumption of personal objects, while they are 
away from home” [14]. The main idea of this concept is that smart and connected 
devices provide the background for ubiquitous connectivity and communication. 
Mainly Schotanus [17] worked on the topic extended home and stresses that “Xhome 
is a relatively open system: many users can make use of the Xhome, not only the 
inhabitants of Xhome make use of the network capabilities, but also many visitors” 
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[17]. Based on this definition we investigated entertainment, leisure and fun with 
respect to the concept of the extended home. Related to this topic, a participant (male 
25 years old, student) mentioned: “[This] technological invention simplifies my life… 
I have seen something on the TV, they have installed a central computer into a house 
in the foyer, which controls everything, means all technical devices, light, electricity, 
water, heating - everything; I thought something like this would be really convenient. 
That was simply a screen, a touch screen, which was installed into the wall.” This 
example shows that even though people do not really know the meaning of terms like 
“extended home” or “smart home” they do have a clear idea of how technology can 
simplify their daily lives.  

Nowadays people use a lot of different technologies when they are on the go. 
Almost everybody uses a mobile phone to stay connected and to be reachable, but 
they also use MP3 players, iPods or CD players to enhance their daily routines and to 
overcome boredom, for instance, during waiting periods. Moreover, people are used 
to the ability of mobile phones and digital cameras to capture precious moments 
during holydays but also in everyday life. One mother noted: “On the playground, it 
bothers me when the battery of my mobile phone or my digital camera is empty”. This 
leads to the conclusion that people are currently more accustomed to the fact that 
technologies accompany them. Our research also highlighted ways in which people 
shared ideas how to make their life easier by using technology: “To remotely switch 
on the coffee machine before I come home would be convenient or to program the 
video recorder, or to access the computer, or to pre-heat food, that would be nice, or 
to control the heating, that would be great” (male, 24 years old, student). Another 
participant (female, 27 years old, student) stated: My mother is afraid of burglar while 
we are on holidays, therefore a remote control for the house would be good to bluff 
burglars by controlling the curtains, switching on and of the lights; …then grandma 
has not to come twice a week”.  

During the post interviews more ideas concerning smart homes were expressed. 
They were often related to storing information and knowledge. Participants had the 
following idea: “It would be convenient to access personal data which is stored at 
home or when I’ve forgot something, e.g. addresses which are saved on my mobile 
phone which I forgot at home; or hearing music with my mobile phone which 
connects to my MP3-player at home” (male, 28 years old, engineer). „I can imagine 
to access my computer or server when I am on the move and to access my data“ 
(male, 24 years old, student). Similar wishes were stated on the creative cards: people 
would like to store addresses, telephone numbers, pictures and photographs at home 
and have access to this information when they are on the move. Additionally they 
would also like to have access to their e-mails. 

4.3   Understanding Shared Experience 

Agamanolis highlights that “Broadcasting is all about creating shared experiences” 
[1]. New technologies will enable new modes of awareness and communication 
among different groups of people that were not possible before. These new 
capabilities and ways of ‘staying in touch’ could serve a significant role in swift 
acceptance and deployment iTV technologies”. Our understanding of shared 
experience was also related to Battarbee’s [3] definition of co-experience, which “is 
the seamless blend of user experience of products and social interaction”. We 
specifically approached the following questions: Which activities do people already 
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share at home? Which technologies support shared experience at home? Which 
contents do people like to share? 

A huge variety of technologies exist that participants of our study mentioned as 
being used together. The most frequently stated ones are TV, CD-player, radio, DVD-
player and also the Internet, when they are not experienced users. TV was a medium 
which people like to use together with other persons because they like to discuss 
topics while watching TV. Thus, news and sport programs are often watched together. 
A feeling of community is often experienced while watching a quiz show. Many 
participants mentioned that they like to be engaged in guessing. Future ways of shared 
experiences were also envisioned by the participants; above all via video telephony 
like Skype. „I already did that; it works with Skype Internet telephony, if you have a 
webcam. Philip and I, for instance, were in Linz and we watched soccer; Flo called 
us, so we installed the webcam, put the laptop next to it, …, we put the microphone 
into the centre an turned the computer loud, …” (male, 25 years old, student). 
 

For our participants, it seemed to be 
more important to see the face of the one 
she is talking to. They also expressed this 
idea with modelling clay in week 3 of our 
study. One household built a monitor which 
is connected to a computer and connectable 
to any mobile phone, so that it is possible to 
communicate with somebody while 
watching TV (see Figure 3). 

 

Fig. 3. Idea of a screen connectable to any 
mobile phone and PC created with 
modelling clay 

Nevertheless people do not want to share everything. On the question “Do you 
want to know what other people are doing at the moment, so that you do not bother 
them with a phone call”, 17 participants answered that this is a violation of privacy 
and 14 expressed that this is not necessary, because they just ask if they disturb. On 
the other hand some participants answered that they could imagine this as beneficial 
for instance with a status message on the phone like “I am in a concert; I call you 
back in 30 minutes”. Some technical scepticism can also be read between the lines. 
Probably that is the reason why people want to share selected private contents like 
photographs and films above all with their family and friends. Moreover they want to 
inform each other about urgent topics (car accidents, traffic jams, thunderstorms) or 
the daily news. Two technologies were also often mentioned as worse to use when 
somebody else is nearby: the telephone and the Internet. 

4.4   Interaction Techniques in the (Future) Living Room 

Like Knoche et al. pointed out: “Interaction spans devices” [12]. Users often combine 
multiple devices in their daily routines, but each device has a separate remote control, 
so the user has to face difficulties in interaction. Portolan et al. hypothesised for 
instance that voice control can support such an interaction problem: “in front of a 
table of channels, people prefer to speak out the channel’s name instead of navigating 
through the table” [16]. Definitely interaction problems accompany people’s daily 
routines with technologies and create their own support and prevention strategies. 
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On the question “Did you ever buy a device that you never really used?”…only 4 
out of 40 households answered this question with “no”. It seems that people believe 
that they can make life easier or more enjoyable by buying technologies. But what are 
the reasons that this strategy does not always work? A participant explained as 
follows: “If I cannot understand just trough trying out how a new device works I need 
to read the manual; if the manual of a device which I do not necessarily need is too 
complicated, I stop trying and try it again later on” (female, 25 years old, student). 
Eight households admitted that they became angry if the technical equipment in their 
homes did not work correctly. 27 out of 40 households noted on the creative card that 
they need to read the manual when a problem with a device occurs. On the other hand 
18 households also wrote that they organize help for technical problems, for instance, 
11 participants mentioned to ask a friend. A main statement from the participants was 
their intention to get context-dependent help and that they don’t like to read 
instruction guides. 

4.5   Findings: Study Two 

1. The idea of a smart or extended home cannot be verbally expressed by the 
participants. They are used to be accompanied by technology in their daily life and 
have clear ideas how they would like to be connected with their home, for instance 
controlling their devices at home or experiencing a feeling of security when they 
can watch their home while they are on the move.  

2. The main activity participants like to share is still watching TV, which they 
experienced as “doing something together”. A special popular variation of this 
activity is guessing on TV-quiz shows. Another clear trend is video telephony as a 
way of spending an evening together over a distance. Privacy is an important topic 
and has to be considered in this context. 

3. Almost all participating households bought at least one technical device, they never 
used. Participants would like to have easier manuals with pictures and personalized 
or phonetic support. Moreover, they would like to have one remote control to 
control everything. 

5   Conclusion 

In these two ethnographic studies we used a methodological variation of cultural 
probing called creative cultural probing (CCP). The CCP cards proved to gather a 
huge amount of qualitative data. The additional photo and video material was easy to 
analyse because of its connection to the creative cards. In general, a categorization of 
the gathered data according to the predefined research areas proofed to be valuable. 
The results of the two studies showed that people still want remote controls as input 
device, although remote controls are perceived as being too complex and difficult to 
use. Moreover, existing interaction techniques only little support shared experiences. 
New interaction techniques additionally raise questions regarding privacy and security 
issues especially for the extended home context. Based on the findings described and 
summarized in section 3.5 and 4.5 we begun to develop a new universal remote 
control, using only one button and integrated with a display to inform users about  
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what they have to do. The manual is replaced by a video [19]. We are currently 
extending this concept by addressing issues of connectedness (talking to each other), 
personalization, and security based on the findings during the ethnographic studies.  
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Abstract. In this paper we present our framework, SenSee, designed
to provide context-aware and personalized search that can be used to
support multimedia applications in making content recommendations.
Our primary demonstration application built upon the framework tar-
gets the growing digital television domain where we foresee an increasing
need for user-adaptive functionality to counter the looming content ex-
plosion which will make current television zapping inadequate. Via our
AJAX-based interface we show how different user contexts, such as loca-
tion, time and audience, in combination with a standard user profile can
improve the multimedia (TV content) consumption experience. In mod-
eling the user (profile and context) SenSee exploits ontologies to express
the semantics involved. We illustrate via experiments the influence of the
user’s current context and demonstrate the difference when we dis/en-
able the inclusion of different ontologies describing time, geographical,
lexical and TV domain knowledge.

1 Introduction

While there already exist multiple strategies and approaches to find and recom-
mend data like music, text, videos and images on the Web, television broadcasts
appears to be one of the last uncharted content resources. The main reason
arises from the fact that this content has not been made public nor annotated
in a computer-readable way. However, over the last years, with the appear-
ance of multiple connected home scenarios [1], a convergence of content from
personal computers, PDAs, mobiles and television sets has emerged. This con-
vergence now opens more possibilities for bringing personalization also to the
television environment in the home, although several differences in the domains
need to be taken into account. One of the main issues is the difference between
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the inherently personal computer [2] and the more sharing-oriented television
environment. In a computer environment, the system knows which user is cur-
rently logged in, can guess his native language, location and current time(zone),
whereas a traditional television system has little of this knowledge. This relates
in other words to context, which in a TV domain is very important because of
the timed/regionalised nature of broadcasted content.

There is an increasing trend towards an integration that allows switching be-
tween the virtual (Web), mobile and physical (e.g. home, museum, clubs) spaces
Figure 1.In the virtual Web space users are actively interacting with content and
applications by searching, browsing and performing numerous information inten-
sive tasks. In the mobile space, the use sessions are short in terms of time, where
users aims at staying up-to-date and consuming small items from e.g. RSS feeds
of news headlines and weather forecasts. It can also be used to quickly select
interesting items that can later be consumed in full in the virtual space. Devices
used here are limited in terms of bandwidth and screen size. Typically, in the
physical space, the focus is on consumption of media and passive entertainment,
where a push strategy for content is the typical pattern of user interaction with
the devices. In order to provide a personalized experience to the user accross the
three spaces we propose to integrate and use the tools, devices and the interac-
tion abilities in a complementary way. In other words, our vision is that the Web
environment could be used as a remote control to the physical space, where the
mobile devices can be used as carriers of the information and services between
the virtual and physical spaces. In this paper, through the SenSee framework,
we present our engineering approach in realizing a smooth and complementary
integration of those spaces.

Fig. 1. Virtual, mobile and physical spaces, and instantiation in the SenSee framework

We describes a semantics-based framework, distributed over the three spaces,
which can provide extra functionality for TV-related applications like search-
ing and recommendation mounted within a connected home setting Figure 1. It
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enables amongst others personalization and context-based adaptation which uti-
lizes domain ontologies and user models. Like previously mentioned, contextual
information is of great importance to understand group interests[3] in different
situations, social groups and age categories. Every user may have very different
interests in the morning, the weekend or when together with friends. Therefore,
adding a context that includes current time, geographical location, and/or au-
dience, on top of content-based filtering[4] proves to be particularly valuable in
this setting. Here, we describe the personalization functionality of the SenSee
framework based on the background knowledge in terms of domain-related on-
tologies and user models. We give a short overview of related work in Section 2,
the requirements for the design of the SenSee framework in Section 3, the ar-
chitecture design in Section 4. Finally, we present the experimental test setting
and conclusions from the results in Section 5.

2 Related Work

Tsinaraki et al. [5] follow an approach for the content modeling using TV-
Anytime, MPEG7 and specific domain ontologies for enhanced semantics. How-
ever, they emphasize on the making of an ontology-based semantic indexing for
retrieval of audiovisual content and boosting the retrieval effectiveness, whereas
in SenSee we focus on the personalization of the search and recommendation of
the retrieved content for a specific set of users in different contexts. Furthermore,
Ardissono et al. [6] emphasizes that there is a need for personalization in deal-
ing with vast amounts of multimedia content. We believe that personalizing the
experience of the connected home is significant for the selection and enjoyment
of this content abundance.

AVATAR [7] is an example of a TV recommender system which makes use of
reasoning with semantics for TV content and user preferences to get valuable
results. In that approach the authors make use of a combination of TV-Anytime
metadata fields and a custom-made genre hierarchy, which induces a possible
compatibility issue with the official TV-Anytime topic hierarchies. While their
recommendation algorithm is an effective hybrid combination of content-based
and collaborative filtering, there is no inclusion of user context. The different
models constitute a necessary requirement for enabling intelligent filtering of
content to make recommendations [8]. By this we mean finding and suggesting
content that should be interesting for the current user(s), while filtering out
unwanted or uninteresting information.

3 Requirements

For the design of the SenSee semantic-based framework for personalization and
interaction in an ambient home media environment we have performed domain
analysis in order to extract realistic requirements.

– Integrate search and retrieval of distributed heterogeneous content (e.g. pub-
lic collections of audio, video and textual material) via diverse channels (e.g.
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IP and broadcast) as well as from local storages and portable media. In this
context we focus on providing uniform uniqueness for every content-element
retrieved in a common content specification schema (e.g. TV-Anytime) by
realizing on-the-fly conversion of content (e.g. from XMLTV, HTML to TV-
Anytime). Further, we ensure context-aware retrieval of (1) existing TV-
Anytime packages, (2) dynamically constructed packages, (3) payed or not
payed services (e.g. iTunes) and user generated content, annotations and
tagging.

– Integrated semantic content model to support mappings to multiple com-
mon vocabularies in different domains (e.g. ontologies, thesauri). Important
aspects here are related to the extensibility of the pool of common vocab-
ularies and mappings and the scalability of collections, vocabularies, users,
contexts and devices.

– Personalized experience for individual and group users. In the context of
multple users and multiple devices, where individual and group users can
interact with several devices at the same time within one session, it is cru-
cial to support heterogeneous input of user and context data (e.g. sensors,
web interfaces, TV remote control), as well as tailored presentation genera-
tion for different users and devices. In order to realize a true cross-context
personalization we need to also provide a domain independent modeling of
users, devices and contexts.

– Open communication protocol to connect between the framework compo-
nents and interoperability with third party applications

– Maintenance, sharing and retrieval policies of personal content (e.g. pictures,
audio files, etc.) with peers (e.g. individual or groups)

– Creation/assigning of user privileges for individual and group users, devices

4 System Architecture

SenSee has been developed as part of a study on ontology-driven user adaptation
for TV content handling in ambient home media centers. This has been carried
out within the European ITEA-funded Passepartout project, with partners like
Philips, Thomson, INRIA and ETRI. SenSee illustrates a connected home me-
dia environment enabling personalized access and interaction with multimedia
content. It is a connecting point for home devices, such as shared (large) screens,
personal (small) handhelds, hand-gesture recognition and biosensor-based inter-
faces. The result of the SenSee framework is realized in two applications for
personalized program TV guide - a Web-based and a settop-box-based [9] in
order to show the connection between the Virtual and Physical spaces.

In Figure 2 at the bottom various heterogeneous content sources like IP, broad-
cast, media (e.g. DVD, Blu-Ray) and local storage provide content. At the of
the figure are the client applications using SenSee framework. The content is
processed in the retrieval and personalization components in the middle part of
the figure. To the right we see a list of external services:

– User Model Service (UMS): keeps and manages all the users’ profiles includ-
ing information like characteristics, interests, disabilities and preferences,
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while incorporating the proper context; user profiles and contexts are both
maintained within a Sesame repository [10]. Thus, the UMS provides a gen-
eral interface to access repositories with user related information and context
data. All user statements are expressed here as contextualized statements,
i.e. valid in 0 or more contexts. Realizing this user model repository as a
shared external service makes it possible to access the user relevant data in
a distributed environment.

– Ontology Service (OS): manages all vocabularies1 needed to make the sys-
tem ’understand’ concept and term semantics when searching and filtering
content. For example, extend search queries with synonyms, e.g. ’bike’ =
’bicycle’, and translate keywords to corresponding metadata, e.g. ’evening’
= ’start 18:00:00, end 22:59:59’.

– Filter Service (FS): specifies different content filters to be used when search-
ing or recommending content to a specific user or a group of users. It holds
rule-based filters for different aspects of content and user data. We ideni-
tify three categories of filter: (1) monitoring the consumption of content to
update User Model (e.g. if the users watches a lot of action movies we can
conclude that the user has a positive interest in action movies); (2) reasoning
in the User Model to find new data (e.g. we can deduce which stereotypes
a user belongs to, and how strong this correspondence is; (3) analysing the
User Model to recommend content.

– CRID Authority: part of the TV-Anytime specification, responsible for as-
signing unique identifiers (CRIDs)[11] for every content element. It main-
tains information of where content is stored or broadcasted. It also creates
new a CRID when new content is to be published by the user and make
this publicly available. Since the CRID is a unique identifier, the CA either
creates truly unique identifiers by itself or communicates with other CRID
Authorities.

– Metadata Service: part of the TV-Anytime specification, responsible for pro-
viding the correct metadata given a CRID and for storing the metadata that
describes content in TV-Anytime. It can also be used to publish new meta-
data if the user creates own content.

Currently we use a set of heterogeneous (publicly) available metadata sources
which serve as the searchable content. If metadata is non TV-Anytime compliant,
transformations are performed to obtain a consistent TV-Anytime data set. Our
most frequently used sources are:

– BBC Backstage2: metadata in the TV-Anytime format
– XML-TV3: manage and retrieve TV listings stored in the XML-TV format
– Websites: for example IMDB4 movie metadata

1 http://wwwis.win.tue.nl/ ppartout/Blu-IS/Ontologies/
2 http://backstage.bbc.co.uk/data/7DayListingData
3 http://xmltv.org/wiki/
4 http://imdb.com
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Fig. 2. SenSee architecture and implementation

The vocabularies and concepts used in SenSee are a user model schema; TV-
Anytime and MPEG7[12] ontologies for description of incoming content; the
OWL-Time[13] for time conceptualizations extended by us with a set of instances
like ’afternoon’, ’Wednesday’ and ’weekend’; an RDF schema to model a country
- province - city relation for a number of (European) countries; and WordNet[14]
to provide synonyms, hyponyms and some other lexical relations.

An example of using this conceptualization is that if the current context
includes currentTime:MondayMorning (reference to the Time ontology) and
currentLocation:Amsterdam (reference to the Geo ontology), while the user
model contains {user}interestIn{X}, {X}interestSubject{’Weather
forecast’}, {X}interestValue{’HIGH’} for this context, it can be concluded
that a recommendation of weather forecast content on a Monday morning in
Amsterdam will be much appreciated.

Figure 2 shows that with SenSee we provide a set of functionalities which can
be used by multiple, possibly very different, client applications, e.g. personal-
ized search and recommendation5. The interface is an AJAX Web-application
build via the Google Web Toolkit (GWT) framework and communicates to the
SenSee server via the XML-RPC communication protocol. With this interface
we enable two kinds of content retrieval. The user can either ask for a recom-
mendation or engage in a user-driven content search. When a user enters some
keywords, SenSee tries to exploit the conceptualization by trying to find ontolog-
ical matches, similarities, synonyms and others, to help the user in his searching
process.

5 Experiments

In order to test and evaluate the SenSee framework, a number of experiments
were conducted. Here we explain some of the hypotheses and the experimental
5 http://wwwis.win.tue.nl:8888/SenSee/
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setting in terms of the test data, methodology and measurements. The hypothe-
ses in this test were fourfold. (1) Analyzing the user input and automatically
extending the input with related terms will increase the recall of content and
put less demand on the user to use the exact same keywords that occur in the
metadata. (2) Matching the user input to concepts in the domain models a
higher precision can be obtained, due to translating ambiguous string input to
precise terms suitable for the metadata formats used. (3) User preferences can
be applied to personalize the search. (4) Personalization can be taken beyond
general recommendations and adapt to the user’s context of time, location and
audience.

The test data used in the experiments comprises a set of TV program meta-
data describing titles, cast, synopsis etc. of these programs and their broadcast
schedule. In total, this contained metadata for 1937 programs which were broad-
casted on UK-based channels during one complete week in October 2006. Prior
to the testing this data was investigated in order to verify that an even distri-
bution of program types occurred. This was among other things done in terms
of looking at the genre distribution. Moreover, six user profiles were constructed
and given various interests and contexts. For the domain knowledge models as
previously mentioned in the system architecture, the test was run using the TV
genre classification, geographical, lexical (WordNet) and time ontologies. Key-
word analysis was further done using the Lucene Java text search engine library
from Apache6.

The search and recommendation were tested by a set of constructed user
input strings that covered terms from each one of the modeled domains, i.e. TV
genre classification, time concepts, geographical as well as free-text keywords.
The number of resulting TV programs that our application found was measured
and in the result tables that illustrate the examples in the following chapter this
value is shown in the column labeled Found. In order to judge the correctness
of this number, a manual verification was done for each search, counting how
many programs fit the search according to domain experts.

In the example tables this is labelled Match. A manual verification of how
many of the programs shown in the result were irrelevant to the search was also
made, labeled False as short for false positives. Based on this a recall measure
was calculated, as the number of results that the application found divided by
the number found in the manual control. Precision was calculated as the share
of results that were not considered as false positives.

6 Results and Discussion

Several effects, benefits and shortcomings were observed in the experimental
results. This chapter covers an analysis of each one of the techniques applied
and a selection of the test results to be able to discuss strong and weak points
that were found in the testing.

6 http://lucene.apache.org/java/docs
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6.1 Domain Ontologies

First, using an ontology to add more keywords for synonyms and closely related
terms broadened the search and made it less dependent on the user to use the
exact same words as in the program metadata.

Table 1. Results table with ontologies inclusion

Query Query text Match Knowledge Found False Recall Precision
1a ”Friday” 284 - 0 0 0% N/A
1b ”Friday” 284 O:time 284 0 100% 100%
2a ”news” 287 - 112 19 39% 83%
2b ”news” 287 O:TVA 248 19 86% 92%
3a ”england” 11 - 0 0 0% N/A
3b ”england” 11 O:geo 11 0 100% 100%

Second, when ontology concepts were used, the appropriate translation to for-
mats which suited the metadata could be applied. For example, the results in
table 1 for queries 1a and 1b show the difference between when ”Friday” is sim-
ply used as a string and on the other hand interpreted as a time concept by using
the time ontology (shown as ”O:time” in the table). The lack of interpretation
constrains the search to a simple string matching between the keywords and the
content metadata. However, when using the time ontology, ”Friday” was identi-
fied as a time concept, which enabled a search for programs scheduled between
00:00 and 23:59 on the specific date of the next Friday. This translation helps
the application in finding relevant content with matching metadata.

6.2 User Profile

The great benefit of applying user profiles lies in enabling personalizing the
search and making sure that the most relevant content for the user is recom-
mended. As we have demonstrated, the employment of domain ontologies finds
more content whereas the improvement of user profiles on the other hand, is
to narrow the results and arrange the presented results in a personalized order.
This is realized by calculating a recommendation score for each program that
was found and use this to sort the programs and filter out those that are below
a certain score threshold. To give a simple yet illustrative example consider the
results for queries 4a in table 2, which is a simple keyword search, and 4b, which
applies the user profile (UP).

Without the notion of context, the interest values in the user profiles can
only provide general recommendations, whereas in reality people may have very
different TV interests.

6.3 User Context

The test results illustrate two different ways in which context can influence our
search. Regard the results of queries 5a-5c in table 3, which shows a search for
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Table 2. Results table with user profile inclusion

Query Query text Match Knowledge Found False Recall Precision User
4a ”marriage” 8 - 8 2 100% 75%
4b ”marriage” 8 UP 6 0 75% 100% Martin

”latest sport”. In these examples the queries were run around 18 o’clock on a
Friday, and thus the current context was in this case Friday evening. The first
query is included for comparison and shows a search where no user context is
known, which in SenSee means no consideration of current time. In query 5b
the user John logged in. From his current context the application added ”Friday
evening” to the query which in the table is shown by ”UC:’Fri. Eve’”.

Table 3. Results table for user context inclusion

Query Query text Match Knowledge Found False Recall Precision User
5a ”latest sport” 256 O 256 0 100% N/A
5b ”latest sport” 10 O, UC:”Fri. Eve” 10 2 100% 80% John
5c ”latest sport” 10 O, UC:”Fri. Eve”, 6 2 60% 67% John

UP:”Fri:News:-4”
5d ”latest sport” 10 O, UC:”Fri. Eve”, 10 1 100% 90% John,

UP:”Fri:News:-4,+5” Rocio

The second way concerns finding and applying user interests which are valid in
a particular arbitrary context. For example, the user John does not like watching
news on Friday evenings, say for reasons of relaxing. His interest in the genre
”News” has therefore a strength of -4 in the context of ”Friday evening”. It
makes the interest expression valid only when the user’s current time is within
that time interval (query 5c).

7 Conclusion

In this paper we have shown the SenSee framework for context-aware personal-
ization in search and recommendation functionality. Exploiting ontological struc-
tures for domain knowledge, user profile and user context, SenSee offers services
to include context effectively in the personalized search. Through experiments
we were able to observe the advantages of the ontology-based approach used in
SenSee and we could demonstrate the ontological engineering needed for linking
the user model to background knowledge for effective personalized search.
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Abstract. Previous personalized DTV recommendation systems focus only on 
viewers’ historical viewing records or demographic data. This study proposes a 
new recommending mechanism from a user oriented perspective. The 
recommending mechanism is based on user properties such as Activities, 
Interests, Moods, Experiences, and Demographic information—AIMED. The 
AIMED data is fed into a neural network model to predict TV viewers’ program 
preferences. Evaluation results indicate that the AIMED model significantly 
increases recommendation accuracy and decreases prediction errors compared 
to the conventional model. 

Keywords: TV program recommendation system, predictor, personal informa- 
tion, lifestyle, activity, interest, mood. 

1   Introduction 

Digital TV (DTV) allows people to access numerous and varying kinds of TV 
programs without space-time constraints. Although electronic program guides (EPGs) 
can increase the accessibility of TV programs, they often overload users by providing 
too many program options. Therefore, the usefulness of EPG is an important issue in 
DTV design. 

To enhance the usefulness of EPGs, researchers have begun to develop TV 
recommendation mechanisms (i.e., embedded assistance) to help users access the TV 
programs of their choice. Recommendation mechanisms operate by collecting 
viewing history data over a period of time, gleaning user viewing preferences from 
the data, mapping user preferences for TV program attributes, filtering non-interesting 
programs, and finally recommending an appropriate program [4, 7]. In general, these 
TV program recommendation mechanisms can be divided into two types—content-
based filtering and collaborative filtering [3, 8]. 

Content-based filtering recommendation operates by automatically tracking each 
user’s TV viewing patterns. Program descriptors, such as the program category, the 
name of the actor or actress, program keywords, viewing time period, and so on, and a 
set of similarity metrics of user profile are collected. Using these data, the 
recommender builds a user profile that represents the viewing preferences of each 
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user. After building a user profile, the recommender compares program attributes to 
user profiles and calculates the similarity between the two components. Based on 
similarities, the recommender then recommends suitable TV programs to the user  
[1, 5]. Examples of this kind of recommender include the ‘User Modeling Component 
(UMC)’ system developed by Ardissono et al., [4], and the recommendation system 
proposed by Zimmerman et al.[16]. 

Collaborative filtering recommendation is based on program appraisal by a group 
of viewers [6]. The recommendation system stores massive amounts of viewer 
preference data in a database. The system then recommends programs to users based 
on program ratings given by people with similar profiles. This system effectively 
forms a viewing community whose members share similar viewing preferences or 
similar viewing habits. In this virtual community, viewers can share information with 
each other or recommend programs to other viewers [5]. Examples of this kind of 
recommender include the TV-scout system developed by Baudisc and Brueckner [7] 
or the peer-to-peer (p2p) recommender system proposed by Wang et al. [14]. 

Although both types of recommenders can assist TV viewers with program 
selection, they both have some weaknesses. For example, a content-based filtering 
recommender only follows data from users’ viewing histories and their viewing 
behavior. Therefore, it cannot extend to other types of programs or provide new 
programs to viewers. This problem causes over-specialization in recommended 
programs [5]. On the other hand, a collaborative filtering recommender depends on 
other viewers’ suggestion data, without which the mechanism cannot make good 
recommendations [5].  

This study therefore proposes a recommendation mechanism based on a user-
oriented perspective, using the predictors of user Activity, Interest, Mood, 
Experience, and Demographic information—AIMED. The AIMED recommender is 
a hybrid recommendation system based on the content-based and collaborative 
filtering methods. It makes program suggestions using not only viewers’ personal 
profile prediction criteria such as demographic, lifestyle, and explicit preference 
information, from conventional recommendation models, but also inputs users’ 
viewing contextual information, such as mood and viewing behavior, into a 
prediction model. By doing so, it has two advantages. Firstly, the recommender can 
avoid the weaknesses of conventional content-based filtering and collaborative 
filtering while taking advantage of their strengths. At the initial use, program 
recommendation can be inferred from viewer group’s preference when the 
information of user’s viewing history is not available yet. As the system gathers 
more information about user’s viewing context, adding viewing context into the 
prediction of program preference can fine-tune program recommendation to match 
personal preference of an individual user. Secondly, a well-trained AIMED 
recommender could suggest a suitable program to users by considering both long 
term program preferences and the particular viewing context. Therefore, an AIMED 
recommender is able to adapt to the viewing context.  This paper describes in detail 
the mechanisms of the AIMED recommender, and discusses the evaluation of the 
AIMED system. 
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2   AIMED Recommendation System Development 

2.1   AIMED Program Recommendation Predictor Definition 

2.1.1   Activity and Interest—Two User Lifestyle Descriptors 
Traditional program recommenders, which use demographic information, cannot 
accurately determine user requirements; they must also consider user lifestyles to 
generate an accurate picture of user requirements and provide the appropriate support 
[11]. Activity and interest are the two main predictors used to describe users’ 
lifestyles [13]. Early studies report that user viewing preferences are related to their 
lifestyles. For example, Frank and Greenberg [9] surveyed 2476 TV viewers and 
clustered them into 14 lifestyle groups. Their study shows that the 14 lifestyle groups 
were significantly different in program selecting and viewing. Gena and Ardissono 
[10] reported similar results. They built a lifestyle knowledge model which offers 
personalized TV program recommendations to users. This model provides better 
recommendations to TV viewers by filtering information related to their interests. 

2.1.2   Mood 
Previous studies state that users’ moods will influence their program selecting 
preferences. For example, Zillmann, Hezel, & Medoff [15] found that TV viewers’ 
moods cause a selective exposure effect. Their research indicates that when TV 
viewers experience a negative emotional state, they tend to watch competition-style 
programs to experience excitement and happiness from the program. In contrast, 
viewers tend to choose action-style programs, and not competition-style programs, 
when they are in a positive mood. The study of Perse [12] proposes the same results. 
That is, user viewing preferences are related to user moods. This correlation might be 
a good predictor for program recommendation. 

2.1.3   Experience 
Many existing personal program recommenders use viewers’ histories. To increase 
prediction accuracy, a database must collect viewing data over a long time period. 
These kinds of systems operate by recording viewing data, and then using a data 
mining technique to predict viewers’ preferences [4, 16].  

2.1.4   Demographic Information 
Demographic data is also a factor can influence viewers’ program preferences [2]. 
Currently, many program recommendation systems use this variable to predict users’ 
program preferences [4, 16]. Demographic information classifies viewers into 
separate preference sets and then maps them to appropriate program styles. A 
demographic recommender can function before other types of predictors, such as a 
history trace or viewing behavior recommender. Therefore, this predictor is an 
important factor in developing a personalized program recommender. 

2.2   The AIMED Recommendation System Framework  

This module uses the artificial neural networks (ANN) technique to construct the 
recommendation prediction model and effectively predict user preferences. The ANN 
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technique is appropriate for this study because its can be applied to solve linear or 
nonlinear mathematical problems. Specifically, this study uses the back-propagation 
neural network (BPN) method, one of the more commonly used neural network 
methods. The BPN model comprises three main layers: input, hidden, and output. 
Each layer is linked by a weighted connection that calculates the model. The model is 
established by importing data from the four modules. The system recommends user-
preferred DTV programs when users request DTV program recommendations. 

Specifically, the AIMED system comprises four modules: (1) user profiles and user 
stereotypes; (2) viewing communities; (3) program metadata; (4) viewing context 
module. The following sections describe these four modules in detail.  

2.2.1   User Profiles and User Group Modeling 
The user profile contains basic information about the user. User fills out a 
questionnaire when they register the TV program recommender. The questionnaire 
includes three parts: (1) demographic data, (2) lifestyle (interests and activities), and 
(3) program category preference. This user information is stored in the set-top box 
and sends the user profile to the program recommendation engine whenever the user 
requests program recommendations. 

A hierarchical cluster analysis (with the K-means method) uses socio-demographic, 
activities, interests and preference data, to develop viewer group models. A set of key 
descriptors identifies each viewer group. Matching between the individual user 
profiles and the viewer group model is based on similarities in these key descriptors. 
Matching allows the system to recommend a set of candidate programs which are 
preferred by the viewing group, which share a similar profile.  

2.2.2   Viewing Community 
To prevent the over-specialization problem of conventional recommendation models, 
this study embeds the concept of collaborative filtering recommendation into the 
AIMED system. The collaborative filtering mechanism determines the match between 
an individual user and a viewing community according to similarities in key 
characteristics. In addition, the AIMED constantly updates the viewer group model 
and retrieves relevant program recommendation information from the community. 

2.2.3   Program Metadata 
The program metadata model stores program attributes. This study adopted the TV 
program categories defined by the National Communication Commission (NCC) of 
Taiwan, namely, Education, Drama, Shopping, Entertainment, Sports/Healthcare, 
Cartoons, Fashion, and News. The program attributes in this study include the channel 
number, name of program, language of program, and cast.  

This study ran another artificial neural network to infer a recommendation set 
based on the mapping between viewer group data (demographic, activities, interests 
and program preferences) and program metadata.  

2.2.4   Viewing Context Module 
The viewing context module records a user’s viewing behaviors under different moods. 
The module automatically records viewing behavior such as the channel number, the 
viewing time, and the duration of viewing on of each channel. Users provide mood 
information by pressing the “mood buttons” built into the remote control.  
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To identify viewing preferences for different moods, an artificial neural network 
models the relationship between different moods and different program categories. 
Based on the connected-weight of the neural network model, this study calculates the 
relative importance of viewing preferences for different moods. This information 
shows users’ viewing preferences within different viewing contexts. Additionally, 
viewing behavior helps determine the program preference ranking under each mood. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Concept of remote control and mood input button 

2.3   Use Scenario 

To describe a real-world application of the AIMED system, consider the following 
scenario. All first-time users must fill out a questionnaire which gathers demographic 
data, lifestyle tendencies, and TV program preferences when they register for the 
AIMED system. The information will be stored as the user profile in the set-top box. 
The profile will be mapped to an appropriate viewer group model. The service 
provider constantly updates the viewer group model as new users join the viewing 
community.  

During TV watching, users input their moods into the set-top box through the 
remote control. The system simultaneously records TV program metadata. Moreover, 
 

inferring
(ANN)

user profile
user stereotype

program
metadata

viewing context

- mood 
- viewing behavior

matching

- demography 
- activities 
- interests 
- preference 

registration 

mapping
viewing

community

viewing
recording

Recommendation

 

Fig. 2. AIMED recommendation system mechanism 
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the user can rate her or his preferences on the program being watched. The service 
provider sends these rating scores back to the viewing group model to form program 
recommendation rankings. Each user’s program preference model is formed 
according to similarities between the user profile and the viewing group model. When 
a user presses the “mood” key on the remote control, the AIMED system recommends 
a program suitable to the viewing context. 

3   System Evaluation 

To evaluate the performance of AIMED system, this study attempts to simulate the 
operating process of an AIMED system in a set-top box and evaluate the quality of 
the AIMED recommendation model. Real-world user profiles and viewing behavior 
data were collected. The system then constructs viewer group models with the user 
profile data. Viewing behavior under different moods forms the basis for user’s 
personal viewing context model. After the AIMED system is built, the evaluation 
process begins. The following paragraphs describe this process.  

3.1   Data Collection 

One hundred fifty five participants filled out user profile questionnaires. These 
questionnaires gathered user’s socio-demographic, lifestyle (i.e., activities and 
interests), and program preferences. Specifically, “demographic information” includes 
a viewer’s age, gender, family type, education, occupation, and monthly income. 
“Activities and interests” were collected by a questionnaire containing forty items, 
and users rated all items with a five-point Likert scale. 

In addition, participants kept a viewing diary for two weeks. During those two 
weeks, participants recorded their “viewing behavior” and “mood” every time they 
watched TV. Viewing behavior includes the name of the program, channel number, 
day and viewing time, the length of viewing, and program preference level. 

Seventy two percents of participants returned the questionnaires and diaries.  
Table 1 lists the data used for program recommendation.  

Table 1. Input and output variables of the AIMED model 

I/O Descriptors Levels 
Activities 40 activity factors 
Interests 40 interest factors 
Mood 3 states of mood (happy/bored/unhappy) 

8 categories of program 
Experiences 

4 types of program languages 
5 levels of age (20~50 above) 
2 gender types (male/ female) 
5 types of family style 
4 levels of education 
6 levels of monthly income 

ANN 
input 

factors 

Demography 

10 types of occupation 
Preference 5 levels of preference of programs ANN 

output 
factors Accuracy 

Rate of accuracy = right hit (user likes and system recommended
correct reject (user dislikes and system does not recommend)  
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3.2   Data Analysis 

As for demographic information, the ages of participants ranged from 15 to 65, and 
the average age was 29.9 years. Among the participants, 41.1% were male, and 58.9% 
were female. Most participants were students. The average TV watching time was 
2.75 hours on weekdays, and 6.76 hours on weekends. 

Activities and Interests refer to users’ activities, and the forty questions were 
extracted by principal component analysis with the varimax rotation method (Kaiser-
Meyer-Olkin measure of sampling adequacy [KMO] = .70). This method extracted 
twelve factors: “Casual reading,” “Sports,” “Arts,” “Leisure,” “Visual-audio 
entertainment,” “Formal learning,” “Shopping,” “Social drinking,” “Social,” “Fashion,” 
“Daily lives,” and “Outdoor activities.” Users’ interests were also extracted using 
principal component analysis with the varimax rotation method (KMO = .71), and 
eleven factors were extracted: “Arts,” “Entertainment,” “Gaming,” “Learning,” “Social 
activities,” “Leisure,” “Housekeeping,” “Spirit,” “Reading,” “Sports,” and “Travel.” 

Three lifestyle types were identified using cluster analysis: Type 1 (including 30 
users), Type 2 (including 12 users), and Type 3 (including 70 users). ANOVA 
analysis was conducted to examine the differences between the three types. Results 
indicate that the activities and interests of the three lifestyle types were significantly 
different (p<.05). 

The frequency distribution of viewer mood states during viewing revealed that 
viewers were most often happy (57.32%) and bored (41.76%). Only a few times did 
viewers claim that they were unhappy (0.009%). Therefore, the prediction model 
included viewing behaviors under the happy and bored mood states.  

Preference distribution revealed that 13.69% of the programs received a “like very 
much” rating, 50.66% received a “like” rating, and 33.74% were neutral. Only a few 
programs were disliked (0.015%) and very much disliked (0.003%).  

3.3   Evaluation Instruments and Validation Criteria 

Based on the indicators mentioned above, this study compared the newly proposed 
AIMED model with the conventional model. This study used two evaluation 
indicators: prediction errors for program preferences and recommendation accuracy. 
The prediction errors for the program preferences indicator represent the root mean 
square error (RMSE) between the prediction value and actual value for the 
recommendation system. Lower scores in this indicator represent higher system 
prediction accuracy. The recommendation accuracy indicator represents the rate of 
successful recommendations (including right hit: user likes and system recommended, 
and correct reject: user dislikes and system does not recommend). High accuracy in 
this value signifies a powerful system classification capability. 

3.4   Results 

3.4.1   The AIMED System vs. the Conventional Model: Prediction Error Results 
The number of hidden layers affects the model’s prediction results. Thus, this study 
conducted a number of trials using different numbers of hidden layers, ranging from 5 
to 12. Figure 3(A) shows the minimum prediction error (0.0956) when the AIMED 
prediction model had 10 hidden layers. The minimum prediction error was superior to 
that of the conventional model (0.1013). The average error of the AIMED model 
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(0.1021) at various hidden layers was lower than that of the conventional model 
(0.1082). In addition, a one-way analysis of variance (ANOVA) was conducted to 
examine the difference between the two models. This analysis showed that the RMS 
errors of the two models were significantly different (F= 13.71, p< 0.01). Post-hoc 
tests revealed that the AIMED prediction model was significantly superior to the 
conventional prediction model. 

3.4.2   The AIMED Model vs. the Conventional Model: Recommendation 
Accuracy Results 

Figure 3(B) shows that the AIMED model achieves its highest accuracy (76.6％) with 
8 hidden layers, which is superior to the highest accuracy yielded by the conventional 
model (73.2％). Also, the average accuracy of the AIMED model (74.43％) at varying 
numbers of hidden layers was higher than the conventional model average accuracy 
(71.95％). One-way ANOVA analysis results indicates that the accuracy scores of the 
two models were significantly different (F= 13.55, p < 0.005). Post-hoc tests revealed 
that the AIMED prediction model was significantly superior to the conventional 
prediction model. 

(B) Number of hidden layers (A) Number of hidden layers 

Traditional
AIMED 

 

Fig. 3. Prediction error results (A) and Recommendation accuracy results (B) 

4   Conclusions 

This study proposes a hybrid program recommendation system accounts for both user 
viewing contexts and personal attributes. Evaluation results indicate that the AIMED 
model significantly increases recommendation accuracy and decreases prediction errors. 
Moreover, the artificial neural network results suggest that the user moods and lifestyles 
play important roles in deriving accurate DTV program recommendations. Therefore, 
users’ emotional states should be considered in the development of DTV services. 

The current version of the AIMED model assumes that TV viewing takes place at a 
fixed indoor location. Accordingly, the viewing context variables only include users’ 
moods and viewing behavior under each mood state. In our future work, the viewing 
context should also consider viewing environment characteristics so that the AIMED 
model can be extended to the mobile TV environment. 
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Abstract. Advertisements(Ads) are the main revenue earner for Tele-
vision (TV) broadcasters. As TV reaches a large audience, it acts as the
best media for advertisements of products and services. With the emer-
gence of digital TV, it is important for the broadcasters to provide an
intelligent service according to the various dimensions like program fea-
tures, ad features, viewers’ interest and sponsors’ preference. We present
an automatic ad recommendation algorithm that selects a set of ads by
considering these dimensions and semantically match them with pro-
grams. Features of the ad video are captured interms of annotations and
they are grouped into number of predefined semantic categories by using
a categorization technique. Fuzzy categorical data clustering technique
is applied on categorized data for selecting better suited ads for a par-
ticular program. Since the same ad can be recommended for more than
one program depending upon multiple parameters, fuzzy clustering acts
as the best suited method for ad recommendation. The relative fuzzy
score called “degree of membership” calculated for each ad indicates the
membership of a particular ad to different program clusters. Subjective
evaluation of the algorithm is done by 10 different people and rated with
a high success score.

Keywords: Ad Recommendation, Personalization, Fuzzy Clustering,
Text Categorization.

1 Introduction

TV has become the most liked media for entertainment and information as there
are a variety of channels catering to varied people interests. As TV reaches a
large audience, it acts as the best media for advertisements of products and
services. With the emergence of digital TV, it is important for the broadcasters
to provide an intelligent service according to the viewer’s preferences.

There are many research papers available on ad recommendation in the liter-
ature [1,2,3]. They mainly focus on ad selection for Web and personalized digital
TV. The Web ad selectors personalizes advertisements for users based on the

P. Cesar et al. (Eds.): EuroITV 2007, LNCS 4471, pp. 175–184, 2007.
c© Springer-Verlag Berlin Heidelberg 2007
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content of their preferred cites. For digital interactive TV system, ad selectors
deliver the personalized interactive ads based on the learnt user profile. As the
main revenue for TV channels is from the program sponsors, it is essential to
capture the viewers’ attention for their ads. There are systems like IndexTV [4]
which personalizes the TV programs to individual viewers. Intent tracking of TV
viewers studied in [5] also shows that viewers’ interest is an important parameter
for ad recommendation. At the same time, if the context of ads matches with
the program context, it makes a better impact on the viewers. The studies in
the literature for instance [6] suggest that when the content/theme of the ads
shown are relevant to the aired programs, they make a better impact on viewers.
So, there is a need for a technique that groups/clusters ads relevant to an on
going program while considering the program content as well as external para-
meters like viewers’ interest and sponsors’ preference. We have present a fuzzy
clustering based ad recommendation system, which recommends ads specific to
broadcast TV programs.

Clustering is a technique which groups data points such that points within a
single group/cluster have similar characteristics (or are close to each other) while
points in different groups are dissimilar. Most previous work on clustering focus
on numerical data whose attributes are represented by numerical values and ex-
ploit the typical dissimilarity measures like Euclidean distance measure. But, in
case of ad database, which contains ad video descriptions that are mostly of tex-
tual data that are otherwise called as nominal categorical data, the ad attribute
values cannot be totally ordered. For example, the shape descriptions like circle,
rectangle, square cannot be ordered as numerical values can. So the traditional
approach of converting the categorical data into numeric values, and use typical
numerical data clustering techniques might not produce meaningful results for
un-ordered categorical data. Hence the categorical data requires special method
of clustering.

A few algorithms have been proposed in recent years for clustering the un-
ordered categorical data. They belong to different types of clustering like hard
partitioning, fuzzy partitioning or hierarchical method. Zengyou’s [7] method
called squeezer picks the data consecutively and hierarchically clusters it with
any one of the existing clusters if it is similar, else forms a new cluster. A robust
clustering algorithm(ROCK ) [8] works based on a link similarity measure for
merging similar clusters. Huang [9] proposed a k-modes categorical data clus-
tering by extending the k-means algorithm. It clusters categorical as well as
numerical data and has been shown to provide efficient clustering performance
in real world databases. Zengyou’s [10] histogram based categorical clustering
method differs from Huang’s technique in terms of centroid calculation.

In case of ad recommendation, while clustering the ads for different programs,
there exists some amount of fuzziness where one ad can be featured in two or
more programs. Hence, our main objective is to “cluster the un-ordered categori-
cal ad data into predefined program categories, while each ad can belong to more
than one program cluster with different likeliness”. So, we have used Huang
and Ng’s [11] generalization hard partitioning method called fuzzy k-modes
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clustering algorithm. The fuzzy score called “degree of membership” calculated
for each ad indicates the likeliness of a particular ad to different program clusters.
The rest of the paper is organized as follows: Section 2 explains the functionality
of fuzzy based clustering technique. It includes the details of ad annotation, ex-
perimental database creation and pre-processing of data. The system evaluation
results are given in section 3 and section 4 concludes the paper.

2 Clustering of Ads

The pictorial representation of automatic ad recommendation framework is given
in Fig. 1. Our objective is to suitably match ads to programs, taking into
account of various parameters/features like ad profile, viewers’ interest and
sponsors’ preference. The features of the ads are captured in terms of descrip-
tion/annotation keywords by video content creators or broadcasters, and placed
in the database. As these annotation keywords are large in number and have
wide variation in meanings, search engine based semantic categorization of key-
words is done as a pre-processing step. Thus helps in improving the efficiency of
the clustering also.

Fuzzy K-Modes clustering is applied on the pre-processed ad data and clus-
tered into three main program clusters - Entertainment, Sports and News. The
fuzzy score associated with each ad gives the membership of a particular ad be-
longing to the programs. The various steps are explained in detail in the following
subsections.

Entertainments
Sports and News

Programs Classified into 

Program X Fuzzy Clustering Technique
to select a group of

ads for a Particular Program

Data Categorization

Database of Ad Annotation

Recommended set of ads for Program X

Fig. 1. Automatic Ad Recommendation Framework

2.1 Ad Annotation

The features of the ads in the database are represented using textual keywords
called annotations. These annotations carry comments, explanations or external
remarks describing the multi-modal information of an entity(ad). A relevant set
of annotation keywords, which sufficiently describe the ads features like context,
people, famous persons, sponsors’ detail is selected with the help of media ex-
perts. These features are selected as per their importance studied in [4,6,5]. As
ad creators generally involve people belonging to the targeted age group (audi-
ence), the audience information is derived from the people feature. The keywords
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are collected from 10 media experts watching various kind of TV programs that
includes variety of ads from different channels that are aired all through the day
and all days of the week. All the keywords collected under these features act
as a training data and they are categorized semantically using a categorization
technique, which is explained in section 2.2.

Experimental Database: As more number of ads only increase the database
size and have nothing to do with increasing the accuracy of the ad selection, only
100 ads are collected and annotated by broadcasters. All the ads and their cor-
responding annotations are stored in the database. In the literature, the studies
on the video features show classification as ’News’, ’Sports’ and ’Other program’
classes. The ’Other program’ class can be further categorized according to the
available information in hand. So, we have classified all the available TV pro-
grams into only three different types - Entertainment, Sports and News. Each
ad is clustered with any/all three programs with different degree of relevance.

. . . Food and Drink

BusinessBankingTelecommunicationComputersMagazines News papers . .

Health and Beauty

Context Categories

Information Financial Services

Stock−related

Fig. 2. Example - Context categories

2.2 Keywords Categorization

For clustering to be more effective, the keywords are pre-processed into a num-
ber of predefined categories. The categorization helps in clustering the seman-
tically similar ads into same cluster and reduces the complexity of clustering
large amount of data with wide variation. This is achieved with the help of
search engines like Open Directory Project(ODP)1, a web based categorization
tool and WordNet [14], a synonym based categorization thesaurus. A variety of
categorization techniques exist in the literature [12,13]. Typical approach is to
categorize the total data into a certain number(A) of web related categories and
map them to a number(B ≤ A) of desired categories. We have used a method
of semantic categorization, which assists in increasing the clustering accuracy.

An initial set of N ads with their annotations forms the training data set.
These keywords are collected for M ad features such as context, people, famous
persons etc. Let the ad feature set be A = {A1, A2, .., Am.., AM}. Each feature,
say Am has Nm number of keywords associated with it. As these Nm keywords
are large in number, they are semantically ordered or categorized into ′P ′ pre-
defined categories. i.e., Am = {am1, am2, .., amp.., amP }. The category amp, ∀m, p
is called the root attribute. For example the root attribute for the feature “con-
text” are “Food and Drinks”, “Beauty and Health”, “Financial Services”, “Edu-
cation” etc., (Refer Fig.2). These root attributes are selected by human experts
1 http://dmoz.org/ , http://www.google.co.in/dirhp?hl=en



Fuzzy Clustering Based Ad Recommendation for TV Programs 179

in the ad domain. The Nm keywords under Am are distributed into the root
attributes with the help of ODP, WordNet and Hermatic Frequency Counter
(HWFC) (Refer Section 4). The keywords under each root attribute forms the
adaptive reference dictionary to which any test keyword is automatically adapted
to one of the root attributes. The adaptation procedure is given below.

Test Keyword Adaptation: Let Y = [Y1, Y2, .., Ym, .., YM ] be a test keyword
set having M attributes. Let m = 1 and n = 1 initially.

Step 0: Keywords under Ym are given to ODP and WordNet and on the resultant
pages HWFC is employed to sort the frequency of listed categories.
Step 1: The top 5 HWFC listed categories are taken in descending order and
compared with Am’s root attributes am1, am2, .., amp, .., amP . If it matches with
amp root attribute, it is added to amp category and the process is stopped else
if there are no matches Step 2 is executed.
Step 2: Let the child attributes of amp be qmpr, m = 1, .., M , p = 1, .., P , r =
1, ..., R where R is the number of child attributes under amp. Ym is compared
with qmpr |r=1 for all p = 1, ..., P . If there is a match, the process is stopped
else the next child attributes qmpr |r=2 for all p = 1, ..., P is considered and the
same process is repeated for all with increasing r until a match is found. Once
the matching attribute is found, keywords under Ym are appended with their
matching root attribute.
Step 3: The Steps 0 − 2 are repeated for m = 2, ..., M . ie for all the keywords
of the data.
Step 4: All the above listed Steps are repeated for n = 2 to n = N . i.e., for all
the ads in the data set. The categorized data set is stored in the database.

2.3 Fuzzy K-Modes Clustering

The fuzzy clustering algorithms are well known for clustering the patterns to
all the clusters with different degrees of membership. Though the application of
fuzzy clustering analysis to pure text partition is successful, it is rarely applied
for semi-structured data classification such as XML documents. The k-means
based fuzzy clustering technique is proven as one of the best methods of clus-
tering. However, it performs well only on numerical data sets. This limitation
is overcome in the Fuzzy K-Modes clustering algorithm that efficiently handles
the categorical data sets. As the ad data set is un-ordered, the Fuzzy K-Modes
clustering [15] is the best suited method to classify an ad into various program
clusters with a different membership.

Let X = {X1, X2, .., Xn, .., XN} be a set of N categorized data stored in the
database. Each data point Xn, ∀n is defined by the set of features {A1, A2...
Am...AM} where, each Am has set of root attributes {am1, am2, . . .amk . . .
,amK} and their corresponding child attributes. Let Xn be denoted as [μ(1)xn1,
μ(2)xn2, . . ,μ(m)xnm, . . ,μ(M)xnM ], where μm, ∀m are the weightages given
to the ad data features with the constraint

∑
m μ(m) = 1. These weights are

decided according to the degree of importance of the features of the data.
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The objective of the fuzzy k-modes is to minimize the cost function,

Jf =
N∑

n=1

K∑

k=1

ωγ
nkd(Vk, Xn) 0 ≤ ω ≤ 1, 1 ≤ k ≤ K, 1 ≤ n ≤ N (1)

subject to the constraints,

K∑

k=1

ωnk = 1, ∀n , 0 <

N∑

n=1

ωnk < N, ∀k. (2)

where, N is the number of ads in the database and K is the number of clusters.
ωnk in some sense represents the possibility of nth ad being assigned to the kth

cluster. This results in the first constraint in equation 2. The second constraint
in the equation 2 essentially implies that there is at least one element in each
cluster and not all the elements are clustered into single cluster. d(Vk, Xn) is
defined as in equation 3 given below.

Generally, selecting an optimal value of K plays a crucial role in the clustering
accuracy and there is no hard and fast rules to decide on this. We have fixed the
number of clusters as K = 3 and labeled as Entertainment, Sports and News.
ωnk is the degree of membership for an ad xn belonging to kth cluster, γ takes the
value greater than 1 and Vk = [vk1, vk2, ..vkm, .., vkM ], is the center of kth cluster.

In order to minimize the cost function, we use the k-modes algorithm with a
simple distance measure between the centers and datum, and updating the data
cluster centers [9]. The hamming dissimilarity measure d(Vk, Xn) between the
centroid Vk and a data Xn is defined as,

d(Vk, Xn) =
M∑

m=1

ψ(vkm, xnm), where (3)

ψ(vkm, xnm) =
{

0, vkm = xnm

1, vkm �= xnm
(4)

Here, ψ(vkm, xnm) is actually 1 − δ(vkm, xnm), where δ(vkm, xnm) is the Dirac
delta function. The implementation steps of the algorithm is given below.

Algorithm:

1. Let iteration index τ = 1 and V (τ) = {V1, V2, .., Vk, ..VK} be a set of clusters.
Select K initial modes, one for each cluster.

2. Calculate the membership values W (τ) = {ωkn} for all 1 ≤ k ≤ K, 1 ≤ n ≤
N such that Jf is minimized. i.e, compare all the categorical ad data points
with the initial K modes selected, using the similarity metric equation 3 and
calculated membership values W (τ). ωkn is the fuzzy membership value of
nth ad belonging to kth cluster.

3. Set iteration index τ : τ + 1. Update all K modes of the clusters using the
membership value of each data point. i.e.,V (τ) → V (τ+1). Update W (τ) using
V (τ+1) .
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4. Continue iterating the above step until the difference between W (τ) and
W (τ+1) is less than the threshold ε.

As the performance of the algorithm depends upon the initial modes, the do-
main knowledge is used to select the initial modes that can be a better represen-
tatives of the classes Entertainment, Sports and News. The modes are updated
using the procedure as in [9]. The broad idea of updating the modes is as follows.
The cluster center Vk is defined as [vk1, vk2, . . ,vkm, . . ,vkM ], ∀m. The cost
function Jf is minimized if and only if vkm ∈ {Am}. ie,

∑

n,xnm=amr

ωγ
kn ≥

∑

n,xnm=amt

ωγ
kn, 1 ≤ n ≤ N, 1 ≤ m ≤ M (5)

Refer [9] for the proof of fuzzy k-modes update method. The below given
examples show how the various ad attributes and their relevancy are exploited
in the clustering algorithm.

– “Beauty and Health” related items under the feature “context” gets more
preference to “Entertainment” and “Sports” program than “News”.

– If the “people” information is “family”, the ad is recommended for “Enter-
tainment”.

– If an ad has “famous person”, say a “sports star” in a “Car” ad, then the
ad gets better weightage for “Sports” program.

– The external “sponsor details” attached with each ad directly gives the spon-
sors’ preference for their ads with various programs. say, a “real-estate” ad-
vertiser would prefer their ads for “News” programs.

Refer Table 1 for some more examples. In the table, the ad features are shown
in the order of, Ad Context/People in the ads/Famous person appearing the
ad/Sponsors’ preference. None indicates the absence of a particular feature.

Table 1. Performance of fuzzy k-modes clustering for ad selection

Clustering Results
Degree of Membership [0, 1]

Annotation Entertainment Sports News
Paint/Adult/None/Ent 0.62 0.06 0.32
SoftDrink/Adult/Spt/Ent-Spt 0.40 0.56 0.04
Icecream/Kids/None/Ent 0.70 0.30 0.00
Footwear/Youth/Spt/Ent-Spt 0.25 0.65 0.10
Magazine/Adult/Nws/Ent-Nws 0.35 0.10 0.55

Note: Ent - Entertainment, Spt - Sports, Nws - News

3 Experiments and Results

The ad recommendation framework involves different experimental phases like
keyword categorization, fuzzy k-modes clustering for selecting a set of ads for
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different types of programs. The categorization technique is tested using 1000 test
keywords, which are different from the training set of keywords available in the
dictionary. The categorization results are evaluated using the typical parameters
called Precision and Recall (Refer section 4). These values were found to be 80%
and 75% respectively.

Table 2. Comparison results of clustering

Effect of Categorization on Clustering
Without-C With-C

Keywords Ent Spt Nws Ent Spt Nws
Soap,Young girl,Film star,Ent 0.55 0.25 0.20 0.85 0.15 0.00
Shoe,Youth,Sport star,Spt 0.20 0.65 0.15 0.15 0.73 0.12
Magazine,Adult,None,Nws 0.35 0.25 0.40 0.25 0.05 0.70
Note: Ent - Entertainment, Spt - Sports, Nws - News, C-Categorization

The fuzzy k-modes clustering of categorized ad data are compared with the
clustering results without categorization of data. It was found that the clustering
accuracy was improved in case of clustering the categorized data. Table 2 shows
the comparison results. The overall system accuracy is directly dependent on
the robustness of the categorization and clustering. The algorithm clustered a
high number of ads into its correctly relevant program type and only few ads
into wrong program cluster. The ads recommended by fuzzy k-modes clustering
technique are subjectively evaluated by 10 different people. They were asked to
rate the relevance of ordered set of ads shown along with a program. Table 3
shows the over all performance result of automatic ad recommendation algo-
rithm. The rating of the system was done by calculating the mean opinion score
(MOS) with a maximum of 5. The system achieves an MOS of 4.5.

Table 3. Performance of Automatic Ad Recommendation Algorithm

Recommendation Results
No.of Ads Recommended

Program Type Manual Automatic
Correct Miss False

Entertainment 45 40 6 1
Sports 35 32 1 2
News 20 18 2 0

4 Conclusions and Future Work

We have proposed an Automatic Ad Recommendation framework which effi-
ciently clusters the categorized ads for three different programs - Entertainment,
Sports and News. It takes into consideration the various parameters of the ads
for matching them with the program context. Ads can thus have a better impact
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on the viewers and also increase the Return on Investment (ROI) for the spon-
sors. The categorized annotations of the ads are clustered using Fuzzy K-Modes
clustering to belong to the three different classes of programs. Our procedure
involving adaptive categorization, fuzzy clustering technique for grouping the
relevant ads resulted in good performance. It must be noted that even though
there are several works on the above mentioned areas, to the best of our knowl-
edge, there is no prior work that uses this combination for recommendation.

The sequence of steps followed and the algorithms applied resulted in ad rec-
ommendations that were similar to the manual ad selection by human experts.
The research issues that need to be addressed in future include considering more
program features like mood, event, etc. Consideration of more sub-groups within
the three main program classes is an another enhancement that could be done.
Further, the extraction of features from ads and programs, automatically, re-
sulting in less time spent on annotation by humans would provide a means to
obtain ads for a given program in real-time and would be a step towards a fully
automated system.
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Appendix

ODP is a web based categorization tool. Given a keyword, it lists its relevant
categories. WordNet is a thesaurus which gives the synonyms and related words
of a keyword. HWFC is a software tool, which ranks the frequency of words in a
given page. It also provides the flexibility of searching for only relevant matching
words. Precision and recall are defined as follows:

Precision =
�

k No. of keywords correctly categorized as Ck�
k No. of keywords categoried as Ck

Recall =
�

k No. of keywords whose manual category is Ck�
k No. of categories retrieved
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Abstract. Developing a content-aware coding scheme that delivers ensured 
QoE for end-users includes finding out which content information will be most 
needed; especially when wireless networks are used to send video information. 
Wireless in-home networks suffer from interference which creates variable 
throughput, which causes problems when sending video material from one 
device to another. Temporal and quality scaling provide classes for video 
adaptation methods that can handle this variable throughput. Presented research 
concerns the effect of temporal scaling versus quality scaling on different kinds 
of video content. We looked at the difference in perceived video quality 
between I-Frame Delay (temporal scaling) and TransCoding (quality scaling). 
Results show that I-Frame Delay scored better for video content without a lot of 
background movement, while TransCoding was scored better for scenes with 
lot of background movement. There are also indications that information about 
scene changes can be helpful to create content-aware coding.    

Keywords: user preferences, perceived video quality, video adaptation 
methods, QoE. 

1   Introduction 

Services offered via television are subject to the limits of the network to which the 
television set is connected. An underlying and supporting framework for interactive 
television has to be aware of issues that are connected to sending multimedia from 
one device to another. Furthermore, users might not be aware of possible issues and 
simply expect an always-accessible service, independent of where and what they are 
watching. When wireless networks are used to offer multimedia-rich services, it is 
important to keep in mind that wireless networks often suffer from disturbances. Such 
disturbances are usually caused by other networks, or consumer electronic devices 
such as microwaves and blue-tooth telephones, which probably is one of the reasons 
that disturbance often occurs in bursts, or clusters [1]. The result of disturbances in a 
wireless network with devices sending multimedia is an unpredictable bandwidth 
capacity. The unpredictability of the bandwidth will prevent flawless transmission of 
video and an ensured Quality of Experience (QoE) [2]. So, it is necessary to provide 
robust adaptive video encoding and transmission techniques that take unpredictable 
bandwidth into account. 
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There is a wealth of research into such adaptation methods, and most of those can 
be placed into 3 different categories: spatial, temporal and quality scaling [3]. Only 
methods from temporal and quality scaling categories are used, so those two are 
discussed here (with the methods themselves discussed in Section 2). Temporal 
scaling provides a class of video adaptation methods in which frames are dropped 
when bandwidth decreases [3].The order in which frames are dropped depends on 
their relative importance. This relative importance is usually automatically 
determined by source coding of the multimedia material. Resulting video sequences 
show jerkiness, i.e. smoothness of video sequences is disturbed and observers 
perceive jerky motion. Note that spatial artifacts, such as blocking or blurring, hardly 
ever occur. Quality scaling is another class of video adaptation methods, where video 
material is degraded through dropping chrominance levels and/or changes in 
compression coefficients, such as quantization level [3]. Visual results of this 
degradation can be less color-saturated video material when chrominance levels are 
dropped. Requantization of video material can introduce blurriness and blockiness. 
(further details on visible artifacts can be found in [4]). 

Perceived video quality is influenced by many components, such as image content, 
scene characteristics, image distortions, user preference, judgment strategy, 
methodology, the human visual system, platform …. Characteristics and properties of 
the human visual system (HVS), for example, are used in video coding (e.g. MPEG). 
Judgment strategy and methodology influences the way image material is rated [5]. 
From earlier experiments and existing theories it is possible to state that choosing the 
right video adaptation method to maximize QoE and perceived video quality also 
partially depends on shown video characteristics, such as scene changes [6] and 
motion of the video content [3]. Motion can come from background or foreground in-
scene movement, but also from camera movement. Additionally, movement is 
probably not the only important and quantifiable factor that can be sent over with 
content information. Components such as scene changes and category of the video 
(e.g. sports, or more specialized, football) can also be determined and used for 
content-aware coding. Developing a content-aware coding scheme that delivers 
ensured QoE for end-users includes finding out which content information will be 
most efficient in determining when to use which video adaptation method. 

Our research question concerns the effect of temporal scaling versus quality 
scaling. We also look at the effect of longer versus shorter disturbance, where a 
longer disturbance lasts 5 seconds and a shorter one 1 second, to find out whether 
there is an effect for duration. The last influence discussed is the effect of scene 
characteristics, such as scene changes, in-scene motion and camera movement. Once 
it is known which video adaptation method is best used for longer or shorter 
disturbance, or scene characteristics, another part of the puzzle to work towards 
content-aware coding is solved. Before moving on to the experiment, some 
background material concerning perceived video quality, MPEG, I-Frame Delay en 
TransCoding will be covered in Section 2. Section 3 gives an overview of the 
hypotheses and the used methodology, and Section 4 continues with a description and 
discussion of the results. Section 5 ends this paper with some conclusions and 
suggestions for future work. 
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2   Background 

MPEG encoding is designed to compress video material, and to allow playback of 
compressed video material on different types of platforms. It works by introducing 
three different kinds of frames in the video stream. Intra-coded or I-frames are 
independent of each other and do not contain references to other frames. Predictive-
coded or P-frames are dependent on the previous I or P-frame in the stream, while bi-
directionally predictive coded or B-frames depend on both the previous I- or P-frame 
and the subsequent I- or P-frame. B-frames, consequentially, are seen as least 
important. In MPEG encoding, frames are grouped together in so-called ‘Groups of 
Pictures’ (GOP), with the usual display order being something along the lines of 
IBBPBBPBBPBB. Consequently, GOPs are encoded and sent in a different order than 
they are displayed, because the P-frames need to be sent over before the B-frames. 

In MPEG coding, several HVS properties are exploited. Research into temporal 
and quality scaling methods has shown that the HVS is less sensitive to quantization 
noise for fast-motion video. The HVS is also less sensitive for frame-skipping in a 
slow-motion video [3,7,8]. However, there is also contradicting research, which 
shows that it is not always necessary to have a high frame rate when showing a high 
motion video sequence, depending on user interest and category of the content [9,10].  

Considering the research question, two adaptation methods were selected to be able 
to look at the effect of temporal versus quality scaling. I-Frame Delay (IFD) is a type 
of temporal scaling, implemented for MPEG-2 coding. It works by dropping less 
important frames once it notices that its send buffer is getting full. IFD guarantees 
that, given enough effective bandwidth, the most important frames (i.e. I- and P-
frames) will get through. The decoder receiving the adapted video sequence will 
repeat the previous frame when there is a notification that it did not receive the next 
frame [13]. TransCoding (TC) is an example of quality scaling, also implemented for 
MPEG-2. TC works via on-the-fly bitrate adjustment of the video sequence that is 
being transmitted. Video sequences are transcoded to a lower bitrate, which is done 
by re-quantizing the discreet cosine transform-components in MPEG-2 frames[14]. 
This can be visible through artifacts such as blockiness and blurriness.  

Previous research concerning perceived video quality has shown that sustained 
blockiness or blurriness in a video has a negative impact on the perceived video 
quality [15]. It was also shown that the optimal frame rate, according to observers, 
depends on the type of motion displayed in the video. Video sequences that already 
show jerky motion are perceived as better quality when the spatial quality is enhanced 
for lower frame rates. The perceived video quality of video sequences portraying 
smoother motion seems rather unaffected when the frame rate is changed [15]. 
Results from experiments reported by [8] show that artifacts from quantization errors 
(e.g. blocking, false contouring) are rated lower on perceived video quality than either 
jerkiness or image blurring. [9] showed that their observers appeared more sensible to 
reductions in frame quality than in frame rate for videos shown on small screens 
(325x288 and 176x144 pixels). Note that these experiments were done with small 
displays and a CIF format (325x288), so it is difficult to say how easily these results 
can be transferred to larger video formats and screens. Further research done by [16] 
shows that less and longer quality drops are better received by observers than frequent  
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but short-lived and more severe quality drops. Of course, this might only apply for 
larger screens, since earlier research also shows that observers prefer a lower frame 
rate for smaller screens [9]. Previous research also showed that the lowest perceived 
video quality (maximum distortion) was one of the most determining effects for the 
viewers’ perceived video quality rating [17].  

3   Methodology 

The methodological section starts with the hypotheses we devised for this experiment 
and the implementation of the direct comparison method chosen to test the 
hypotheses. It then continues with describing the original video sequences and the 
stimulus set made with the video sequences. Lab-equipment is then discussed, 
followed by an overview of observer demographics and the procedure. 

3.1   Hypotheses 

I. Observers will score video sequences modified with TC worse than video 
sequences modified with IFD on perceived video quality.  

II. Observers will score perceived video quality for disturbances lasting 5 seconds 
worse than disturbances lasting 1 second.  

III. Observers will be influenced by scene characteristics when scoring the video 
sequences on perceived video quality. Video sequences with more scene changes 
are more likely to mask modifications [6]; IFD and TC will be scored equal for 
such video sequences. 

3.2   Direct Comparison Method 

To compare two video sequences directly, ITU-R BT.500-11 (2002) recommends a 
direct comparison method (DC). This assures that the relation between combinations 
is assessed. We opted for the adjectival categorical 
judgement method, with the semantic comparison scale 
as seen in Fig. 1. One trial consisted of showing 
observers a pair of video sequences. Each video 
sequence is 10 seconds long, and is shown once in each 
pair. Before each video sequence, a 3-second grey field 
will be shown with a letter indicating which of the two 
videos will be shown. The letter ‘A’ is shown before the 
first video sequence, and the letter ‘B’ is shown before 
the second video sequence. Observers were asked to 
rate the second video sequence with respect to the first 
video sequence on a scale ranging from much better to 
much worse, while being shown a gray field that lasted 
10 seconds, with ‘vote now, please’ (see Fig. 1 for full 
details). Sessions consist of several trials after each 
other, with a maximum duration of half an hour per 
session. 
 

Fig. 1. Direct comparison 
scale 
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3.3   Original Video Sequences 

Five video sequences were chosen to represent five categories: action, sports, 
animation, documentary and (soap)series. For the action video sequence, a video 
sequence from Hero was taken. The sports video sequence came from a soccer game, 
the animation video sequence from Chicken Little, the documentary video sequence 
from a piece of film about penguins and the (soap) series video sequence is taken 
from a Gilmore Girls episode. The chosen video sequences will be referred to as 
Hero, Soccer, Chicken Little, Penguins and Gilmore Girls. These video sequences 
were scored on three characteristics property categories: number of scene changes, 
amount of movement of the primary content, and the amount of camera or 
background movement, shown in Table 1. Only the number of scene changes is 
determined in an exact manner, hence the precise number in parentheses. 

Table 1. Content property categories: number of scene changes and amount of content and 
camera movement in each scene. High: +++, medium: ++ and low: +. 

Video sequences 
Content properties 

Chicken 
Little 

Penguins Soccer Gilmore 
Girls 

Hero 

Camera / background 
movement 

+++ +++ ++ + + 

Primary content 
movement 

++ + +++ + +++ 

Scene changes ++ (3) + (1) +(0) +++(5) +++ (7) 

Hero, Chicken Little and Gilmore Girls were extracted from retail PAL region 2 
DVDs. Penguins was taken from a Philips PAL DVD. Soccer was, due to availability, 
taken from a website offering a 7.5 Megabit MPEG-2 encoded version of a soccer 
match [Delos, 2006]. The original resolution was 608x480 pixels, which was scaled 
up using the lanzcos3 algorithm to 720x576 pixels.  

3.4   Stimulus Set 

The video sequences were all re-encoded with a simulation platform [18] to 4 Mbps, 
YUV 4:2:0 colour-space. Then the video sequences were encoded for each condition. 
For IFD, every second B-frame was dropped for the length of the disturbance. For 
TC, the bitrate was reduced from 4 Mbps to 2 Mbps for the length of the disturbance.  

In this experiment, comparisons are made between IFD and TC, for losses caused 
by a disturbance which lasts either 5 seconds or 1 second. Hence, there are four 
combinations that have to be compared to each other: IFD with 1 sec loss, IFD with 5 
sec loss, TC with 1 sec loss and TC with 5 sec loss. Losses were always introduced in 
the middle of a modified video sequence. Within each genre, all possible non-
identical pairwise comparisons were used. Note that we did not compare any video 
sequences against themselves, and also did not use control combinations (i.e., 
compare a reference video sequence against a modified video sequence). This means 
that there are 6 combinations for each video sequence, and 30 combinations in total 
for observers to judge. 
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3.5   Apparatus 

The lab used for the experiment was a living-room environment. The observers were 
seated on a sofa standing 2.5 meters (five times the height of the display) from the 
display. There was also a separate room to set up further equipment, with one-way 
windows so experimenters could monitor observers without disturbing them.  

We set up a Philips 42” plasma display (model 42PF9966-12) in the living-room 
environment to show the stimulus set. In the experimenter room, a PC was connected 
to the display through DVI, with the stimulus sets placed on an external hard drive for 
convenience. The stimulus set was displayed on a resolution of 800x600, instead of 
the plasma display’s native resolution of 1024x1024.  

Observers were asked to rate during the ‘voting’ time using a slider with the 
graphical annotation shown in Fig. 1. These sliders were connected to the PC and 
measured ratings on a 1000-point scale. Observers were not expected to rate on a 
1000-point scale, they were expected to use the categories provided with the direct 
comparison method. However, to be able to pick up all ratings around the borders of 
the categories, a 1000-point scale was programmed for the sliders. Measurements 
were recorded in a text-file and contained a time-stamp, a vote-index and the 
measured vote on each line. Note that it is possible for two observers to rate video 
sequences simultaneously. Observers were asked to set the slider to the desired 
position and then use the button on the device to indicate their vote.  

3.6   Observers 

In total, there were 28 observers: 16 males and 12 females. Observers were, at the 
time of testing, between 20 and 52 years old, with a mean age of 26. Most were naïve 
observers (i.e., without experience in the field of perceived video quality) and either 
students at a Dutch university or part of the work-force. No observers suffered from 
colour-deficiencies, as tested with the Ishihara test. Observers were tested for visus 
with the Landolt chart. Two observers scored a (corrected) visus of 1/0.8 (left/right), 
the other 26 showed a normal or corrected to normal visus of 1/1.  

3.7   Procedure  

Observers were scheduled to come to the laboratory alone or in pairs. On entering the 
living-room environment, they were tested for visual acuity and colour-deficiencies 
and asked several questions to ensure that they had not participated in an experiment 
concerning perceived video quality over the last six months. Next they were given 
instructions, telling them about the rating scale and the video sequence order they 
would encounter. Observers were given 1 training session, in which they were shown 
the 5 video sequences they would encounter in the other 30 trials. During the training 
the experiment leader was present to assist, should any difficulties arise. Observers 
were asked not to talk to each other during the sessions. 

The experiment itself consisted of two sessions with a break in between (the break 
lasted as long as observers wished it to be but was rarely longer than 15 minutes). 
During each session, 15 video-pairs were presented. After finishing the training, the  
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experimenter started the first session, and left the lab. The second session was started 
after the break, and again the experimenter left the lab. After the experiment, 
observers were asked to write down comments. Any questions observers had about 
the experiment were answered and they were given a business-gift (from Philips) for 
their participation.  

4   Results 

To look at the results, data were first assigned to the categorical scale on which 
observers had rated the video sequences. However, this only gives an overview of 
observer ratings’ of TC or IFD with respect to TC or IFD. To look at the influence of 
TC or IFD separately, data were transformed based on Thurstone’s Law of 
Comparative Judgment [19]. Thurstone’s Law of Comparative Judgment assumes that 
the attribute strength of each stimulus is measured on an internal psychological scale - 
i.e. an interval scale - with Gaussian noise distribution.  The transformation of the 
data was done by using data analysis tool DifScal to obtain a stimulus configuration 
per scene [20]. DifScal is a tool based on Thurstone's Law of comparative judgement, 
to analyze categorical comparison data. For each scene a frequency file is generated. 
This file contains seven 4x4 lower triangle matrices representing the seven judgment 
categories and the four pairwise combined versions of the original. Each cell in a 
matrix indicates the frequency with which an image pair is judged in that category, 
summed over all subjects. 

4.1   Categorical Scale Results 

A general overview shows that 
when IFD-1 sec is compared to 
IFD-5 sec and TC-1sec to TC-
5sec, observers always prefer the 1 
sec modified video sequence. This 
confirms our hypothesis “Observ- 
ers will score disturbances lasting 
5 seconds worse than disturbances 
lasting 1 second on perceived 
video quality”. 

Results for Chicken Little show 
that observers have a preference 
for TC under all combinations 
where TC and IFD are compared 
to each other (see Fig. 2). Results 
for Penguins show that, when IFD and TC are compared for equal disturbances (IFD-
1 sec vs. TC-1sec and IFD-5sec vs. TC-5 sec), observers also rated TC better. When 
asked to rate TC-5sec with respect to IFD-1 sec, observers did not show a preference, 
but when asked to rate TC-1sec with respect to IFD-5 sec, there was a preference 
towards TC again. It is not really possible, though, to rule out that this is also a 
preference for a 1 second disturbance.  
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Fig. 2. Results for Chicken Little, showing obser-
vers’ preference for all combinations where IFD is 
compared to TC 
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Results for Soccer show that, 
when IFD and TC are compared 
for equal disturbances (IFD-1 sec 
vs. TC-1sec and IFD-5sec vs. TC-5 
sec), observers rated IFD better. 
When asked to rate TC-5sec with 
respect to IFD-1 sec and TC-1sec 
with respect to IFD-5 sec, 
observers rated 1 sec modified 
video sequences as better (see Fig. 
3). Results for Gilmore Girls show 
that, when observers were asked to 
rate IFD-5sec with respect to TC-5 
sec, they rated IFD better. Ob-
servers did not show a preference 
when the disturbance was only 1 
second long. When observers were asked to rate TC-5sec with respect to IFD-1 sec 
and TC-1sec with respect to IFD-5 sec, they again rated 1 sec modified video 
sequences as better. 

Results for Hero show that, when observers were asked to rate IFD-5sec with 
respect to TC-5 sec, IFD was rated as better. But, when observers were asked to rate 
IFD-1 sec with respect to TC-1 sec, TC was rated as better. And again, when 
observers were asked to rate TC-5sec with respect to IFD-1 sec and TC-1sec with 
respect to IFD-5 sec, they rated 1 sec modified video sequences as better. 

4.2   Difscal Results 

For Hero, the action video sequence, DifScal reported a poor model fit. Hero stands 
out from the other scenes because of the number of scene changes it contains. The 
first part of Hero takes 2.5 seconds, with the rest of the scene showing one scene 
change per second. The data for Hero was not 
processed further with DifScal.  

Results for the other scenes show that there 
is a distinct difference between the perceived 
video quality of IFD and TC for different 
scenes. From these plots (see Fig. 4 for an 
example), a difference between long and short 
disturbances using IFD was found, and is 
statistically significant as the confidence bars 
do not overlap, except for Gilmore Girls. 
There is no difference between long and short 
disturbances when using TC in Penguins and 
Chicken Little, as the confidence bars overlap. 
TC scored significantly better in those two 
scenes compared to IFD, while IFD scored 
better in Soccer, and a preference for IFD is 
noticeable in Gilmore Girls. 
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Fig. 4. Results for Chicken Little, sho-
wing mean and error-bars 
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Video sequences Penguins and Chicken Little in the 5 second disturbance 
condition show that there is a preference for TC (despite the bitrate advantage of IFD) 
whilst in Soccer there is a preference for IFD. The two scenes with the TC preference 
happen to be the two scenes with a high amount of camera movement, which might 
be a reason for this difference. In summary, whether IFD scores better or worse than 
TC is dependent on scene characteristics.  

5   Discussion and Conclusion 

The results point to a difference in perceived video quality between the four scenes. 
This confirms previous experiments done by [3,8,9], in which motion 
characteristics effects were also shown. As pointed out in the previous section, the 
amount of camera movement may be the reason for the difference in perceived 
video quality of IFD and TC between these four scenes. Penguins and Chicken 
Little both have relatively high amounts of camera movement, as opposed to the 
medium amount for Soccer and little amount for Gilmore Girls. The high amount of 
camera movement probably causes the jerkiness induced by IFD to be more 
detectable and disturbing than the loss of bitrate induced by TC. Our results confirm 
those of [9], because for Soccer, IFD is preferred over TransCoding, even though it 
contains a lot of movement. Details are also of importance here, and this may even 
be more so for bigger displays. One problem for motion determination is that, when 
extracting information about motion from the motion vectors in the video, it is 
currently not possible to distinguish whether it concerns camera movement, 
foreground movement or background movement. According to our results it is 
important to be able to make this distinction, but it is unclear how this should be 
accomplished and which part of the information is most necessary to include in 
content-aware coding.  

Another influence on the results might be that a high amount of scene changes 
blurs the effect of the adaptive technologies under study.  It is known that the HVS is 
less sensitive for video quality changes when those come right after a scene change 
[6]. So if there are a lot of scene changes, it is possible that video quality changes are 
less, or even not, noticed. In summary, the length of the disturbances influences 
perceived video quality negatively. In some scenes, the effects of the two techniques 
were less noticeable for the observers. I-Frame Delay scored better for video content 
without a lot of background or camera movement (Soccer and Gilmore Girls), while 
TransCoding was scored better for scenes with lot of background or camera 
movement (Chicken Little and Penguins). 

As our study has shown, there is a lot of potential for video characteristics 
information to help with determining when to use which video adaptation method. 
Another potential avenue is how to incorporate this information in content-aware 
coding. Video characteristics information could be sent together with the video 
material, or be generated on the fly. Future work could include looking further into 
motion in video material and the influence of scene changes. 
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Abstract. This paper describes a qualitative user study of mobile phone TV 
usage undertaken during September 2005 and centered on the real world Mobile 
TV usage of paying subscribers of live Mobile TV service in Seoul, South 
Korea. The study identified four primary use cases: at home; during the evening 
commute (both likely to be significantly culturally dependent); macro-breaks; 
and secret use. Barriers to use include: battery life; screen size; lack of 
compelling content; poor coverage and design implications are discussed. The 
study suggests that if the current barriers to use can be overcome Mobile TV is 
a viable competitor to existing forms of entertainment and media consumption. 
Actual usage suggests that Personal TV is a more accurate description for this 
kind of service than Mobile TV. 

Keywords: Mobile TV, Personal TV, Radio, South Korea, Seoul. 

1   Introduction 

Digital Mobile TV is currently being hyped as the ‘next big thing’ for mobile phones. 
Given the difference between the mostly stationary television viewing habits and the 
inherent portability of mobile phone use what kind of user experience is possible? To 
answer this question a research team conducted a field study of Mobile TV service 
subscribers. Seoul was selected as a destination for the study because TU Media, the 
South Korean telecommunications operator launched the first commercial live Mobile 
TV service in May 2005.  

1.1   Background 

Seoul has an official population of approximately 10.3 million; however when 
proximate satellite cities are factored in the size is closer to 48 million. The subway 
system is the easiest and fastest way to move around the city. The Seoul subway has 
good cellular connectivity and use of mobile phones is a common sight. These factors 
suggest this to be a prime location to understand the potential of Mobile TV.  

Consumers in South Korea have a number of ways to watch TV on their mobile 
phones: downloading via PC; streamed via web sites; video-on-demand; and via 
broadcast. Many conventional TV programs are widely available for live streaming 
and downloading from the internet shortly after being broadcast. From the user’s 
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perspective the digital broadcast of live Mobile TV is similar to conventional TV 
prior to the personal video recorder (PVR) [1]. Once switched on a TV channel, the 
user can switch channels but the pausing of content is not available [2]. Mobile TV 
refers to live Mobile TV broadcast in this paper. 

1.2   Prior Research  

The literature was surveyed including: the VTT Mobile TV trial [1], MobiTV, DVB- 
H trials [3] and a few prototype systems [2, 5]. In a VTT Mobile-TV project, a 
prototype system was setup in 4 WLAN hot-spot areas. The user research found out: 
(i) Mobile TV was considered similar to television, rather than wireless multimedia; 
(ii) users normally watch short programs or segments from long programs. (iii) it was 
used generally as a replacement for reading the newspaper; and (iv) watching Mobile 
TV was a serial-solitary activity [1]. 

DVB Mobile TV trials showed that: (i) familiar conventional TV programs were 
the most popular content, followed by sports and news channels; (ii) that the primary 
context where Mobile TV was watched was traveling on public transport; an that it 
was also a popular compliment to home TV watching [3].  

Knoche ran a series of experimental studies to explore questions of image 
resolution, video bit rate, and text legibility [5]. He proposed that Mobile TV viewing 
was transient, involving low user commitment; that users were worried about being 
too absorbed and becoming distracted from other tasks [2]. 

The prior studies observed participants who were recruited to use the service for 
the duration of the study. In our understanding, this is the first study of actual 
subscribers of the commercial service [1].  

1.3   South Korea Mobile TV Field Study 

The aim of the South Korea Mobile TV study was to explore the range of factors that 
would affect the Mobile TV viewing experience from understanding whether it 
changes mobile phone use, and consider the aspects of the South Korean experience 
would apply to the broader context.  

2   Research Design 

The research study was conducted in Seoul, South Korea, in September 2005, 4 
months after TU Media launched their mobile TV service. 

2.1   Methodology 

A major study in South Korea had already collected extensive quantitative data 
[6].We therefore decided to conduct contextual interviews and observations such as 
on public transport and combine these with home based in-depth interviews. All 
interviews were conducted in Korean by a native speaker and later transcribed, and 
translated into English.  
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2.2   Study Participants 

4 male and 4 female participants were recruited. The mean age was 24.1years old. 7 
participants were not married, 6 participants shared their apartment with their parents. 
5 did not have a TV set in their personal bedroom. Device ownership for all but one 
participant was from 2 to 3 months. One participant [F1] had used live streaming 
services for two years, and was included to provide a comparison. The average 
weekly use was 375.5 minutes.  

3   Drivers for Using Mobile TV 

3.1   A Desire to Kill Boredom 

Given the long commuting times public transportation and the widespread cellular 
coverage it is no surprise that Mobile TV was used at these times as tool to kill 
boredom. Situations included extended waiting periods in a car whilst girlfriend is 
having a hospital appointment (Figure 1), waiting for friends in bars, plus use in the 
bathroom and whilst sitting on the toilet. 

M4: “… wanted  to watch real time TV 
 programs when waiting for someone (having a 

 hospital appointment), so I started to use mobile 
 TV… 

 

Fig. 1. Watching to kill time whilst waiting 

3.2   Novelty, a Desire to Be First 

The commercial Mobile TV service had been available for 4 months at the time of the 
study. All participants were early adopters of technology. As well as the service, the 
sliding keypad in the SKY IMB - 1000 was the first of its kind on the market. To 
some extent Mobile TV was considered just another gadget they had to try. Whilst 
novelty is enough to draw people into using a service it may become the reason for 
the same user to reject that service later on.  

3.3   Staying Up to Date with Popular Events  

As with prior studies [1, 2] a driver for adoption was that it enabled users to stay up to 
date with popular events, in particular via music and sports and game shows. 
However news was not mentioned by our participants as being a popular content type.  
One possible reason for lack of interest in news content was that our participants were 
relatively young, preferring entertainment over more weighty content types. On the 
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other hand participants may have preferred to access news via other channels such as 
browsing the web at one of the many popular and oft frequented internet cafes. As  

M1 “I can know the popular songs faster than others by listening to the audio 
channels of Mobile TV” 

3.4   Other Motivations 

TV channels that broadcast games such as Star Craft are especially popular with the 
younger generation of South Koreans and were noted by users as popular content. The 
game channel is available in the current Mobile TV offering.  

M3. “After buying this Mobile TV phone, I only watched the game channel through 
the Mobile TV. I stopped the subscription to a paid Internet game site.” 

4   Context of Use 

The research team noted four main use contexts for Mobile TV: at home; during the 
evening commute; during macro breaks; and lastly secret use. We also note that the 
shared watching of Mobile TV content and lending the device for watching were not 
uncommon. 

4.1   Home 

Amongst our participants, home use was the most prevalent context for Mobile TV 
watching which is somewhat surprising given the alternative forms of entertainment 
that were available in the home. Although larger televisions may be available in the 
home space participants had micro control over what was watched without the need to 
negotiate with other family members. Another explanation for the popularity of home 
use is that the user can control where content is watched. Our participants mentioned 
watching from their bedroom suggesting that convenience (conducting other activities 
in the same space, having access to a power source), comfort and privacy to being 
important part of the experience. These factors are amplified when the rest of the 
home is under the control of parents. None of the participants in our study mentioned 
viewing very personal media and we note that the bedroom is also conducive to its 
use. In addition to the above issues home use is different to other contexts in that it 
supports a variety of viewing styles – such as lean back, lean forward and ambient 
viewing.  

 

Fig. 2. Watching Mobile TV in home while lying on bed 

M1. “… When my parents are in home, I 
cannot watch game channel from ordinary TV 
as they do not like me to watch it. This is the 
reason why I watch the game program on the 

mobile TV.” 
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4.2   Commuting 

Mobile TV was used during the commute via bus and train (figure 3), in particular 
during the evenings. The need to maintain eye contact with the road restricted use 
whilst driving. It should be noted however that experience of watching Mobile TV 
during the commute can vary considerably influenced by factors such as: the 
predictability of journey times, whether seating is available; the need to switch seats; 
whether morning and evening commuting, the weather and carrying, traffic and road 
conditions, lighting and noise conditions, and lastly the density of the commuting 
space and whether other passengers can see what is viewed. 
 

Fig. 3. Watching Mobile TV while commuting on a subway 

4.3   Micro and Marco Breaks 

We use the term micro and macro breaks to refer to moments of time between 
planned activities and tasks such as waiting for elevators to arrive, for friends to turn 
up, a few minutes at the end of a lunch break, plus cigarette and toilet breaks.  

Whilst the term micro break is commonly used we extend this to macro breaks to 
draw reader’s attention to the length of time required to setup Mobile TV. This 
includes the time it takes to select a TV channel, for the device to receive the signals, 
channel changing and subsequent delays, the need to locate and use a headset. Mobile 
TV is more suited to longer, that is, macro breaks. Furthermore the user may be 
required to engage in other status information tasks during these breaks – including 
keeping an eye out for friends or the arrival of public transport.  

4.4   Secret Use 

Our younger participants (F2, M1) detailed situations  where watching TV was not 
socially acceptable but was never-the-less carried out – situations we refer to as secret 
use. Secret use was carried out in the classroom during classes (hidden in pencil or 
glasses case), in the library and supposed to be doing homework. We extrapolate from 
this that secret use is likely to extend to other contexts such as sitting through a boring 
meeting. Secret use may occur in any context where viewed content is not socially or 
legally acceptable (including during home, commuting or macro-breaks). In societies 
with high theft risk such as the UK or Brazil, the user may also wish to minimize the 
visible exposure an expensive device. Also watching TV implies that less of the 
user’s senses are devoted to watching over other valuables, thereby possibly putting 
other objects at a higher risk of theft. 

F4: “When walking in the street, I usually 
listen to the radio channels. 

But I usually watch mobile TV in a subway on 
the way to home” 
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M1: “… a skill to watch mobile TV in class without being noticed….a 
long press of a special key, and the screen becomes dark as the phone is 

turned off when mobile TV is still running…” 

4.5   Shared Mobile TV Viewing 

Contrary to prior research reports our study participants mentioned a number of 
situations where Mobile TV viewing was shared for co-viewing. As M1 commented: 
“during the school lunch time I share my mobile TV with friends, usually up to four 
people”. Involuntary or passive sharing is also possible - for example being 
overlooked by other passengers on a bus. Within our study sharing occurred amongst 
members of the same close social circle, but its possible that televised event such as 
sports are likely to be triggers for sharing with a broader range of people. Shared use 
implies a close physical proximity – dictated by the size of the screen and the angle at 
which viewing is possible and this echoes similar findings from a Finnish study [1].  

The need for close physical contact may support or hinder use depending on the 
context. A flirting couple might enjoy the need to brush up against one another, but 
rivelous siblings may not. The shared experience may not include audio content if the 
context inhibits audio output. When a headset is required the opportunities for sharing 
are further restricted.   

4.6   Device Lending 

Our participants also noted situations where devices were lent to others – for example 
to watch a particular sport event or to have a trial on the mobile TV feature. Device 
lending is limited to an even a closer social circle than shared viewing. Our findings 
show that device lending has a strong influence on Mobile TV penetration. 3 
participants claimed lending device enticed other people to purchase mobile TV.  

M3:“Sometimes my sister borrows my phone to watches Mobile TV, but I 
have never shared it with her because the LCD is too small to share” 

5   Barriers to Adoption 

5.1   Lack of Decent Content 

None of participants in our study talked enthusiastically about Mobile TV contents 
which is unsurprising since popular content from other TV channels were not available 
via Mobile TV. However radio channels available through the same application were 
considered popular and widely used. What makes content compelling is subjective, and 
in part down to alternatives sources of the same medium (downloaded TV 
programmes, terrestrial, cable & satellite TV, video rentals, video on demand, etc) and 
alternative media (web access, newspapers, music, gaming, people, etc). 

5.2   Battery Life 

Watching Mobile TV is a significant drain the phone’s battery. Whilst out and about 
the user may be forced to choose between viewing TV and staying connected. A 
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number of our participants carried spare batteries, but their use is far from straight 
forward – spares need to be kept charged, if a spare has been carried for a while, they 
need to be taken out for charging and remember to place the battery back in the bag. 
Battery life is less of an issue in the home context where the device can either be 
docked in a charging cradle or connected to the nearest available power socket.  

5.3   Phone Size 

With the exception of one model, the Mobile TV phones were considerably bulkier 
than more regular handsets on the market. Prior research suggests that a majority of 
potential Mobile TV users are willing to compromise on phone size in order to have 
Mobile TV functionality. However even if the relatively bulky device is carried the 
issue is where it is carried. Numerous research studies on where people carry phones, 
[7] suggest that women are far more likely to carry phones in bags, and men in front 
pockets. The bulk of the current crop of devices is not well suited for pockets 
suggesting that men are more likely to have to switch to using bags.  

5.4   Other Barriers 

Whilst the rapid changing of TV channels is desirable [3] the situation for our 
participants was far from perfect – and they complained that channel changing was 
too slow – delays of up to 10 seconds were not uncommon. Whilst participants 
acknowledged that the antenna accessory improved signal quality, none carried the 
antenna outside the home – it was considered too bulky to take on the off-chance that 
Mobile TV would be watched and that reception improvement was required.   

6   Discussion 

6.1   The Future of Mobile TV 

Motivations and barriers to use. The motivations why our participants tried mobile 
TV yielded few surprises beyond existing research. We noted that in some instances it 
could take up to a minute to connect to a TV signal after having selecting a channel to 
watch. This may be still acceptable for macro breaks but on a micro-break someone is 
going to have to be pretty sure that the content is desirable to watch before taking the 
effort to switch on. 

Compelling content. Unique content was available for our participants but none 
considered it compelling must-watch TV. One bench-mark for compelling content is 
whether it is a stimulus for water-cooler conversations. The quality of the 
programmes available via TU Media was described by a local member of the research 
team as 3rd rate programmes available on free channels. Even if unique content is 
available there is unlikely to be sufficient market penetration for it to be a topic of 
communication. At this point the Mobile TV device is more a conversation starter 
than its access to content. We surmise that to be a success Mobile TV will require 
both popular content from other medium and content generated specifically for this 
service. 
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Alternative forms of entertainment. As flash memory and hard disk capacities 
become cheaper and components smaller the ability to transfer content from other 
content stores e.g. PC or home server will be in the hands of more people. Whether 
Digital Rights Management tools will allow user’s to transfer content of their 
choosing is a separate issue. 

6.2   Ubiquitous Mobile TV Viewing 

Home users. A number of studies have shown it is relatively common to charge a 
mobile phone close to the bed [7, 8]. Satisfactory viewing of a Mobile TV screen may 
require a longer cable than if phone was being used for other tasks such as an alarm 
clock and any charging indicator light should be muted or disabled when the Mobile 
TV is on. The variety of viewing postures and the need to find and maintain a good 
reception somewhere in a room suggests support for multiple viewing angles. Multi-
tasking needs to be supported, mostly to cope with communication requirements than 
tasks related to active mobility.  

The biggest design opportunities are likely to be in the synergies between existing 
phone features and TV programmes. Visual radio programmers can provide links to 
programmes about to start on TV, SMSs can notify users of upcoming content and 
can be saved as reminders in the phone’s calendar and audience participation can be 
extended via SMS voting. 

Out and about. Prior research suggests that mobile phones are carried and often used 
from waking in the morning to going to bed at night and all situations in between [8]. 
Mobile TV can be watched when actively mobile – walking or moving around. But 
the small screen size makes most content too difficult to watch and the sensory 
engagement required to watch conflicts too much with the task of walking to be 
enjoyable. Another reason is the weight and the bulk of the device – a posture for 
continued viewing whilst walking would require the phone to be held out arm slightly 
raised in front of the body. An arm outstretched it simply too much of a strain [5].  

Outside the home Mobile TV use was very much a lean forward experience. 
Leaning forward is driven by: the need to multi-task e.g. text messaging, channel 
switching, minimal screen size, the need to physically support the device. There are 
opportunities for lean back use in the home – where the device is placed in a cradle 
and watched.  

Secret use. Secret use may be better supported through: the ability to quickly turn off 
the screen; tools to narrow down the viewing cone/angle; directional sound so that the 
audio only encompasses the user; a remote control making interaction less obvious; 
small wireless headsets for the same reason; minimizing the possibility of accidentally 
turning on the TV; and enabling quick recovery if the device is accidentally switched 
on by having dedicated volume control keys. A possible consequence of this 
behaviour is that when Mobile TV functionality becomes more mainstream users may 
wish to highlight that they are not watching TV but are actually engaged in more 
‘productive’ tasks. 

Sharing and lending. Sharing can be facilitated by use of a remote control to maintain 
a degree of control and distance during the sharing experience; allowing the user to silo 
personal content on the device – perhaps disabling features when the device is in TV 
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watching mode; applying battery limits so that the TV cannot be watched when the 
battery runs ‘too low’.  Traditional TV is viewed in a domestic environment and often 
involves social sharing [9]. But the size of mobile phone and its nature as personal 
devices might create new practices of sociability while watching mobile TV. The 
proximity of the device and the cheek to cheek nature of the viewing experience means 
that it is not something you are likely to do with your colleague or an annoying 
younger brother. The upside is that close proximity might spur an occasional romance. 

6.3   Immersion vs. Distraction 

During the study we wondered whether an immersive experience was possible with 
Mobile TV, and if so, was it desirable? Our conclusion was that it is possible – ‘all’ it 
takes is wearing sound headphones and a reasonably moderate storyline, and in all but 
a few contexts desirable if the duration of the immersion is accounted for. Immersed 
watching risks leading to: personal danger to the user e.g. risk of theft or and 
associated assault; minor inconveniences such as missing a bus stop; awkward 
transitions between the immersed experience and the reality of the user’s context in 
particular in pubic environments, etc. 

Not all TV requires the user’s undivided attention to be enjoyed and ambient 
watching, for example with the volume turned down is possible both at work and at 
home. But something more immersive will be desirable when lying in the warmth of a 
bed on a cold day. Given our desire to offer the user the best possible user experience 
how can we support immersion whilst keeping the user in control in these situations? 
One simple measure is the option to ensure the time is visible at all times. Another is 
to be able to prioritize device based interruptions – a user may want to know about a 
low battery warning but cares less for SMS notifications until after a programme has 
finished. We note that time-shifting capabilities put the user in control of when 
content is watched even if the pausing content is limited to a few minutes. 

6.4   Cultural Differences 

It is easy to understand that TV content is often targeted and segmented according to 
geographic territories and languages. But the cultural difference is also reflected in 
usage context. In cultures such as the US people are more likely to have a TV in their 
bedroom and in these instances Mobile TV will need to compete more directly with 
regular TV offerings. Commuting habits also vary significantly between cultures – both 
in terms of the time it takes to commute, and the mode of transport. Approximately 75% 
of US commuting done in single occupancy cars so the opportunity to watch Mobile TV 
at this time will be considerably less that in Korea. That cars are considered a viable 
source to charge mobile devices enables longer viewing in other contexts. In the study, 
the popularity of TV sharing and device lending very common in Korea can be partially 
explained by Korean collectivism culture. We may not be expecting it happens so often 
in individualism cultures such as Finland or Japan [10]. 

7   Conclusion 

One consequence of having TV functionality on a mobile phone is that the device 
may be considered by peers to be more of a tool for sharing than a personal 
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communication device. Watching broadcast TV is non-exclusive activity – and (with 
the exception of battery use) having 1 person or 3 people watching a programme 
makes no difference to the subscriber’s cost. In this sense the mobile phone loses 
gains some of the characteristics of TV which in turn changes what it is as a device. 

What does the future hold for Mobile TV? As with any service it depends on the 
user’s expectation of what is encompassed by that service. If, as in South Korea, 
Mobile TV includes radio use then it’s probably already considered a success. One of 
the primary benefits of Mobile TV is that it provides the user with a choice of content 
in a setting of the user’s choosing. These and related findings have led us to believe 
that Mobile TV is more about personal experiences, than the need for mobility itself 
and we therefore consider Personal TV to be a better descriptor of this service. We 
note that personal experience is not necessarily solitary, and the fact that Mobile TV 
is consumed on a device with a myriad of communications options suggests a 
direction for further investigation. 
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Abstract. Mobile TV marketers are announcing mobile TV as a new interactive 
medium, however users seemingly “just want to see news” but cannot imagine 
using interactivity. This paper deals with the challenge of enabling and 
encouraging users to understand the benefits and potentials of interactivity. 
Specific interactive applications as well as strategies to set them up in the first 
phase of mobile TV will be presented. The market development of interactive 
mobile TV applications is described as a process of mutual learning involving 
all stakeholder of the new technology.  

Keywords: interactive, interactivity, mobile, TV, television, learning, user, 
usability, content, DVB-H, IP Datacast. 

1   Introduction 

In recent years mobile phones have developed into mobile multimedia terminals 
incorporating diverse communication channels and media. The newest feature is a 
tuner to receive broadcasting signals that bring the TV world out of our living rooms 
onto mobile devices. Digital broadcast standards like Digital Video Broadcasting - 
Handhelds (DVB-H) provide high transmission capacity, effective mass 
communication and distribution of rich multimedia content. They complement the 
mobile telecom networks which make available interactive one-to-one secure 
communication as well as many-to-many communication on cell phones and permit 
individual authentication, billing and internet connection [1]. 

The synthesis of wireless broadcasting and communication technologies like 
Universal Mobile Telecommunications System (UMTS) in one device technically 
supports to offer interactive multimedia content to large numbers of mobile users. 
However, currently mobile TV propositions in Germany are based on a mixture of 
scheduled and on-demand services while the combination of mobile TV with 
interactive applications is hard to find [2].  

However, the feasibility of mobile interactivity begs a couple of questions 
especially with respect to user behaviour and expectations. Does the traditional lean 
back medium TV actually leave space for an activation and “leaning forward” of the 
viewer? What features are imaginable? Do they have the potential to be used in a truly 
interactive manner and how could customers be encouraged to apply them? 
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In order to start finding answers to those questions we will first give a short 
theoretical overview over the concept of interactivity in order to afterwards test its 
applicability to specific mobile multimedia services. Users surprising the industry and 
possible strategies to canalize or at least be prepared for such surprises will conclude 
this paper. 

2   Mobile Interactivity Theory 

„[...] interactivity and its derivatives are used to represent so many different meanings 
that the word rather muddles rather than clarifies the speaker’s intent”. [3] 

“Interactivity” is one of the buzzwords in the discourse on New Media and 
especially marketers trying to upvalue their digital lifestyle-products are using the 
term in an inflationary manner. Furnished with diffuse meanings “interactivity” serves 
as a projection screen for diverse hopes on activating the mobile user and thus 
opening up new sources of revenues. Interactive mobile and broadcast services are 
expected to add a whole new dimension to the usage of mobile phones [4]. To fully 
grasp the complexities as well as the potentials of interactive mobile features the 
following section examines earlier theoretical works on interactivity.  

With regard to interactive television Höing [5], presented in Beckert [6], developed 
a five level model embracing very basic interactions like turning the TV on/off and 
switching channels as well as the highest level when users are able to communicate, 
create own content and distribute it through the medium. However, in contrast to the 
internet (especially to recent developments in the field of the participatory web) the 
interactive potentials of the TV set in the living room have never been fully realized 
[7]. Today, with telecommunications, internet and broadcasting technologies 
converging within the tiny mobile phone the idea of rendering a passive TV audience 
in active and media-savvy users is being reanimated.  

Searching for further definitions of “interactivity” one soon can accumulate a 
collection of diverse ideas and understandings from various fields of practice and 
science [8]. Designers often use “interactivity” as synonym for navigation or to 
describe good design while in a sociological sense „interaction occurs as soon as the 
actions of two or more individuals are observed to be mutually interdependent.“ [9] 
Contrasting a strand of communication science focuses on interactivity as a feature of 
specific communication channels. For instance Rockley Miller regards “interactivity” 
as a „reciprocal dialogue between the user and the system“ and concludes that 
interactive media are „media which involves [sinc!] the viewer as a source of input to 
determine the content and the duration of a message, which permits individualized 
program material.” [10] Although more appropriate to the context discussed in this 
paper, the definition remains too closely bound to specific technologies (computer 
and video) and does not allow to differentiate forms and levels of interactivity. The 
latter shortcoming can be corrected by concentrating on the communication setting 
instead of only the channel. In this respect Everett Rogers describes interactivity as 
„the capability of new media communication systems (usually containing a computer 
as one component) to ‘talk back’ to the user, almost like an individual participating in 
a conversation.” [11] Nevertheless, he also concentrates too strongly onto the actual 
technologies of his time [12]. To overcome such restrictions it is necessary to regard 
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interactivity as a multidimensional phenomenon and combine the distinct dimensions 
into one theoretical framework. For instance McMillan and E. Downes split the 
concept of interactivity into the factors “sense of place”, “direction of 
communication”, “timing”, “level of control” and “responsiveness and aim of 
communication” in order to receive two types of interactivity: the „perception-based“ 
und „feature-based models of interactivity“ [13].  

As different as the diverse definitions in communication sciences may be, 
comparing them one can discover several parallels and commonalities. In this respect 
potential two-way-communication forms the minimum consensus of all researchers 
[14]. Furthermore, exchanges during the communication/interaction should be 
coherent and related to one another while their timing is widely regarded as flexible. 
Last but not least interactive options of a technology are often classified on a 
continuum ranging from high to low interactivity [15].  

Nevertheless, due to the incongruity of definitions and in order to include new 
technologies, it is necessary to establish an understanding of “interactivity” that is 
more comprehensive than those commonly used. Kiousis [16] extracted fundamental 
definitions and elaborated the conclusion that:  

“Interactivity can be defined as the degree to which a communication technology 
can create a mediated environment in which participants can communicate (one-to-
one, one-to-many, many-to-many), both synchronously and asynchronously, and 
participate in reciprocal message exchanges (third-order dependency). With regard to 
human users, it additionally refers to their ability to perceive the experience as a 
simulation of interpersonal communication and increase their awareness of 
telepresence.”  

The definition allows for three different dimensions of interactivity and several 
actants interacting with each other to be included within the concept. Following it, 
“interactivity” can be observed empirically, if 1) at least two actants (human or 
technology) participate in the exchange, 2) a technology is present that facilitates the 
exchange and 3) users have the possibility to modify the mediated environment, e.g. 
through making inputs and creating texts.  

At first glance the mobile seems like the ideal channel for incorporating interactive 
features in connection with broadcasting. The corresponding applications are 
technologically feasible and could already be included within the device [17]. 
Additionally people are already accustomed to engage actively with their mobile 
phone by using it as the primary connection with their social network, having it 
constantly nearby and employing it as complement or even substitute for calendar, 
watch, mp3-player, alarm clock, camera and gaming device. Feedback channels, the 
prerequisite for installing interactive applications, are the bottom of the idea of 
telephoning – two-way-technologies like IP Datacast over DVB-H add further 
bandwidth thus permitting for multimedia and advanced communication channels to 
be mobilized.  

Therefore, in a purely technical sense mobile TV applications could meet the 
criteria of Kiousis` definition of interactivity bringing along all the advantages of the 
phenomenon like more control over TV consumption and further related activities 
with the medium. By giving the user a feeling of autonomy with regard to their 
communicative experience they might leave behind the couch potato as role model 
and become more dynamically involved in the process of consuming and shaping 
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media [18]. In this respect research on interactivity in the world wide web has shown 
that more opportunities for interactivity correlate with higher levels of satisfaction, 
users having a stronger feeling of self-efficacy, better retention of contents, deeper 
involvement and a sense of belonging [19].  

However, usability and simplicity of the services are must haves to spur user 
interest in interactive exchanges. Technically the respective applications might be 
limited by lacking bandwidth of mobile networks or a low performance of the end 
device. In addition to the assumed user expectation of “real TV” (see chapter 3 of this 
paper) on the mobile phone this might explain the lacking offer of interactivity in the 
field of mobile broadcasting. These factors show that one has to consider the range 
and design of offers as well as the perspective of the user to understand the whole 
picture of mobile interactivity. In the following chapters those aspects will be 
discussed. 

3   Mobile Interactivity – Applications: Are They Truly 
Interactive? 

The combination of mobile telecom networks and broadcast networks in one mobile 
end device opens up the opportunity of a range of innovative interactive digital 
services [20]. Not only the transfer of applications from the stationary internet world 
to mobile terminals is imaginable but also the development of entirely new services 
that exploit the possibilities and factor in the limitations of mobile phones as well as 
the specific mobile usage situations. Besides the small size of the display, limited 
battery-life and restricted input possibilities the experience of mobile TV is 
characterized by short intervalls of media consumptions (compared to stationary TV),  
more sequential and a less intensive usage due to environmental influences [21].  

Having this in mind, interactive applications shouldn`t be simply transferred from 
one medium to the other but be developed for or adapted to mobile environments. In 
this respect several concrete applications could call for an activated user: An 
enhanced EPG (Electronic Program Guide) could support interactivity by providing 
not only comprehensive data on programs (individually compiled time schedules of 
linear programs, on-demand offers and previews) but also user evaluations and 
recommendations as well as the capacity to mark programs of interest and receive 
reminders. Additionally, the EPG could render possible direct and remote recording 
(PVR – Personal Video Recorder), allow users to instantaneously watch linear on-
demand, streamed or pre-recorded programs and function as an interface for features 
like voting, sending requests, messaging, chatting and shopping.  

From the perspective of marketers new personalized forms of advertising via a 
broadcast channel in connection with the straight occasion to make a purchase over 
the respective 2.5G/3G channel are especially appealing. In this regard they could 
take advantage of the characteristics of mobile networks which enable them to 
securely authenticate the end users, track their usage behaviour, location and personal 
characteristics. In a trial of so-called “personalized mobile TV advertising” Ericsson 
has been testing those new possibilities in Norway since December 2006 [22]. Via a 
Java client customers are enabled to watch mobile TV, interact for instance with talk 
show hosts through voting or chatting and contribute content by uploading photos and 
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video clips. Advertisements in this environment are supposed to be tailored to the 
user's age, gender, location and personal interests.  

Another offer which tried to integrate and activate its users was VIVA+ “Get the 
Clip” (now MTV), a music show that counted as one of the msot attractive formats 
during a German DVB-H trial [23]. Viewers were enabled to vote for new video clips, 
download the actual clip and purchase ring tones while at the same time following the 
program.  

The question remains whether such applications potentiate true interactivity in a 
sense that fits Kiousis` definition of the term. The first two empirical conditions – 
participation of at least two, human or technological, actants as well as the presence 
of a facilitating technology – are fulfilled by all means. Indeed, whether this is 
holding true for the third condition – the chance to modify the mediated environment 
– has to be tested for every application separately through a structural analysis.  Even 
though such an analysis would lead to the conclusion that the explained features do 
not fullfill all of Kiousis` prerequisites they potentially foster a more personalized and 
active viewing experience than traditional TV. The mobile screen has more to offer 
than pure “lean back” reception by at least opening up the possibility for the user to 
communicate with other users and/or the producer respectively provider. Whether 
they offer the chance for true interactivity and will be used in an interactive manner 
remains to be seen.  

4   Mobile Interactivity: The User 

4.1   The User as “the big Unknown“ 

The current range of mobile TV programs reveals a certain image and usage 
behaviour content and network providers ascribe to their customers. Supported by 
findings of IBM [24], it seems to be common knowledge that users mainly demand 
familiar programs and TV brands on their mobiles. 80% of the participants in the 
study stated they expect to see “classic TV”-shows in full length while interactive 
applications apparently do not play any major role in the range of formats customers 
wish to use while on the move.  

Admittedly, such outcomes have to be taken with a pinch of salt. Asked several 
years ago whether they would like to use their cell phone as a camera, most customers 
would have responded “no”. Yet, with increasingly better cameras being integrated 
into the mobile the function has become standard in most devices and today 29% of 
German mobile phone owners regularly shoot photos [25]. This shows that asking for 
expectations with regard to a service people could not test might produce biased 
outcomes that prove false as soon as the new application is widely available. 

Similarly, Short Message Service (SMS) has been a surprising success for the 
mobile industry. Originally designed for business users a whole culture and even a 
new language has evolved around the service – meantime 81% of all German mobile 
users communicate via SMS at least once a week [25]. In contrast, the market launch 
of Wireless Application Protocol (WAP) had been accompanied by high expectations 
on the part of the industry – expectations the service never could meet [26]. 
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Those experiences of earlier mobile technologies point to the fact of the user being 
“the dark horse” since the adoption and use of technology take place as a process of 
social appropriation. Mackay and Gillespie [27] describe technology as “a product of 
three conceptually distinct spheres: 1) conception, invention, development and design; 
2) marketing; and 3) appropriation by users.” Customers may surprise the industry by 
rejecting a certain technology, redefine its purpose or discover new personal symbolic 
meanings in it. Simultaneously one has to bear in mind that „technologies can be 
designed... to open certain options, and to close others” [28]. With regard to mobile 
TV and related interactive applications industrial players can influence the acceptance 
and adoption of the services through factors like scope and type of content, the pricing 
structure, usability of the services and end devices, technical functionality and 
reliabilty of the networks as well as marketing communication.  

However, Mackays and Gillespies findings imply that even if sophisticated mobile 
services are provided it seems like kind of a gamble whether and how users will apply 
them. This holds especially true for mobile multimedia applications because the more 
interactive a technology, the more options consumers have to become producers with 
regard to the actual uses. 

4.2   Educating Users Towards Exploiting Interactive Options  

Bearing in mind the costs of developing, launching and marketing new mobile 
services to a broad customer base, strategies of “trial and error” to test new 
applications are financially risky. Rather, approaches are needed that first of all render 
user acceptance more predictable and minimize the danger of them ignoring or 
rejecting a specific technology while secondly leaving users the freedom to discover 
the medium and develop new usage patterns which in turn could benefit the 
popularity of the original service.  

In order to advance the usage of interactive services on the mobile it is necessary to 
connect those new variables with known ones. “Anchors” have to be etsablished to 
create a familiar environment for the users where they easily can orient and 
sequentially discover the innovative features their mobile has to offer. 

European studies on user demand for mobile TV reveal news as the most relevant 
content (Breunig, p.560 [2], Knoche & McCarthy [29]). A German survey also shows 
interest in mobile TV as being driven by the audience’s desire for information: 91% 
of the participants regard news as essential content, followed by traffic information 
(71%) and live sports (61%) [30]. A Finnish mobile TV trial additionally revealed 
domestic brands as channels with the highest audience share pointing to the fact that 
mobile TV viewers expect well-known brands on their mobile screen [31]. Catering 
those expectations induces customer confidence into the new service and forms one of 
the “anchors” users might need to appropriate it.   

Once users have discovered the linear mobile TV program the level of interactivity 
can be increased step by step bringing along an evolutionary change of usage patterns. 
Initially, complexity of such interactive applications should be rather low while 
maintaining a familiar viewing experience. Gradually the level of interactivity and 
with this the complexity of the services can be increased. 
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However, in case such changes happen over time during the general product 
lifecycle, one might loose more savvy users of the technology who probably know 
what is technologically feasible and consequently want to test and autonomously use 
all interactive features up from the beginning. This means, while not overburden the 
“average customer” who basically expects a traditional viewing experience, operators 
also need to satisfy advanced needs of interested and experienced consumers of 
mobile applications. Serving such different segments (the examples forming just to 
extremes of a continuum) requires a balanced approach towards the design of the 
mobile TV application.  

One solution would be the provision of a basic and an advanced mobile TV client, 
the first operating at lower levels of interactivity with basic search functions, program 
reminders inserted in the calendar of the device and the gradual integration of 
amendments like detailed program information, “tell-a-friend”-functions or a feature 
to write and send evaluations of the program. Such options constitute successive steps 
on an individual learning curve accelerating the transition to more interactive 
applications. In this respect, a supporting “anchor” could be the introduction of a 
service that is known from other media or technological environments. With regard to 
user generated content mobile network operator Vodafone announced a cooperation 
with online video portal YouTube to realize the service on the mobile by transferring 
the brand and the portals basic functions from one medium to another [32]. 

The more comprehensive, advanced version of the mobile TV client is far more 
complex with regard to the number of possible choices and actions requiring a higher 
“mobile media literacy” from its users. Concrete features could be PVR - and Video 
on Demand-offers that are interrelated with the free as well as the paid linear program 
and allow for autonomous compiling of programs and and independent viewing 
experiences. Sophisticated “social applications” like chats or whole communities 
require even higher levels of user involvement but offer the chance to create a base 
for orientation in the mobile TV environment, further information transmission to and 
among the customers and program-related transactions1 From a theoretical point of 
view, such comprehensive offers come closer to Kiousis`definition of interactivity 
since also the third condition – modification of the mediated environment – can be 
fullfilled because users can influence the content (e.g. by uploading own videos or 
reviews) and/or the design and structure of the mediated environment (e.g. by 
compiling a personal program overview). 

In short, the first step towards exploiting all the options interactive mobile TV 
applications offer is to encourage users to change their passive consumption 
behaviour and signal them where and how they can get active. The challenge here is 
to educate users by showing them similarities to known media and let them transfer 
this literacy to mobile TV.  Parallely, techno-savvy users should be given the chance 
to discover the interactive options up from the beginning. Their experiences and 
patterns of use might give insights into the processes of appropriation and adaptation 
of the respective applications and serve as an early indicator of rejection or 
redefinition of distinct features.  

                                                           
1 For purposes of virtual communities see Porter, Constanze Elise [33] and: Ridings, Catherine 

M./ Gefen, David [34].  
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5   Conclusion 

For business purposes mobile phones seem to be a predestined platform for 
interactive applications in connection with mobile broadcasting. But are users also 
determined to use interactive services as they are set up by the industry? For now, the 
answer has to remain open since such features are hardly available yet. This lack may 
be explained by factors like the immaturity of the market in general as well as by 
users expecting traditional TV firsthand and companies avoiding the risk of 
developing, launching and marketing such services. Besides the risks and 
complexities, interactivity potentially benefits all participants along the value chain, 
from designers to producers, content aggregators, providers and customers – always 
provided that the system scores high on usability, its contents are of relevance to the 
user and the arising costs are transparent to those paying. In order to solve the 
problem of: “who was first? hen or egg?” users should be enabled to experience and 
learn how to use interactivity gradually since a sequential approach can promote a 
substantial change of usage patterns with users leaving their position as passive TV 
audience and becoming active and strongly involved in order to exploit all the 
possibilities of converging networks, media and mobile communication channels. Not 
everything that is technologically feasible will be used – the final decision over 
success or failure of the transition from “lean back” to an active and participatory use 
remains with the customer.  

Based on experiences made with earlier innovations, users and industry have to 
establish a setting to learn from each other to develop effective and usable interactive 
mobile services. This may end up in a so called “virtuous” cycle with all actors 
involved in mobile TV benefiting from each other and creating an environment of 
reciprocal influence.  

Services with high turnover rates but highly complex applications will barely 
convince a majority of users, especially not in the starting phase. The same holds true 
for the simple transmission of “traditional” TV. For service providers this means 
working closely together with costumers to capture user interests. Technically, 
interactive services can be provided – whether users will accept them and how much 
they are willing to pay has to be discovered during the development of the market. 
The process may be spurred by providing applications with different levels of 
complexity allowing users to learn progressively how to interact with and through 
their mobile TV application. The aim is not to endeavour persuading customers but to 
present them possibilities for the enhancement of their mobile TV experience by 
using interactive services.  
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Abstract. TV has often been regarded primarily as a traditional family medium 
[8], because it is mainly watched at home and used as a basis for interaction 
with others. Now that the mobile phone, which people seem to experience as a 
personal communication device, has developed functionalities peculiar to mass 
media, including a TV feature, it is interesting to know how these 
functionalities will be used throughout the day and in different everyday life 
contexts. Will mobile TV used mostly on the go or as an additional media at 
home? Will it become as a highly individualized media format or will the 
watching experience typically be shared with others?  

This paper examines the users’ mobile TV choices in different everyday life 
contexts. The data is based on ongoing empirical research in Finland in 2006. 
The tested mobile TV services included both news and entertainment contents, 
and were tested in 3G and DVB-H networks. 

Keywords: Mobile TV, mobile news, mobile media, use contexts, user 
experiences. 

1   Introduction 

Being able to view news and other media contents such as your favourite soap operas 
on the go on a wireless handset has a value in many situations. On public 
transportation a mobile TV service offers a way to keep up-to-date all the time. The 
same goes for other public spaces like coffee shops, shopping malls, bus stops, 
entrance halls, queues in supermarkets and waiting rooms. Also in private spaces, 
there is a need for mobile media. Even in your own living rooms, at work, at a 
summer house, in a taxi or a private car, the opportunity to use mobile TV is 
interesting. Some family members may even wish to have their own personal mobile 
media service at home [13]. However, it is not yet clear, in which extent people will 
value the functional blending of mobile telephony and mass media broadcasting and 
how valuable the mobile TV service would be for users [9]. Therefore, it is important 
to find out in what kind of situations and for what purposes people would like to use 
                                                           
* Corresponding author. 
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mobile TV. On balance, we will next take a closer look on some earlier findings of 
mobile TV user studies.  

1.1  Some Earlier Experiences on Mobile TV Use Contexts 

The usage of mobile phones evolves in the three general user spheres of home, work 
and public. Quite typically, mobile phones are regarded as devices for use in the 
public sphere for example while waiting or commuting. They are used kill dead 
moments and to keep their users entertained or up-to-date. 1 

Whereas the public sphere is going to remain an important area for mobile 
television usage, some studies have shown that mobile services are measurably used 
in the private area.  For example mobile television pilot in Oxford, UK, revealed that 
about 50 percent of the test users viewed mobile television at home and didn’t move 
anywhere while viewing. Typical time for using mobile television was late night, in 
bed, just before one was falling asleep. [1] 

According to a Finnish mobile television pilot, people use different content types 
in different locations. News and information services are used everywhere throughout 
the day, and the mobile phone is considered as a valuable channel especially when 
something newsworthy suddenly happens. Live broadcasts of sports are watched 
anywhere if there is no conventional TV available. Series and entertainment services 
are viewed in short periods during waiting periods, for example on public 
transportation. Music is also listened to when on a move. Films and longer programs 
are only watched when the conventional TV is not available. Users may start 
watching a movie via the mobile phone and continue watching on their main TV 
when they get home. Mobile TV is often viewed during the daytime, which differs 
from the peak viewing times viewing of traditional television. [9] 

The use of mobiles in the public sphere has certain limitations. For example users 
have been worried about becoming absorbed in mobile multimedia content, which 
requires their visual attention. They fear increased risks of accidents and lapses. The 
possibility of listening to music or the radio while on the move is thus highly valued, 
because it doesn’t need visual attention. Also text legibility may be difficult when on 
a move. [5] 

1.2   From News to User Generated Contents 

The findings of a number of studies made on mobile TV show that the most popular 
content is news. [13, 6, 9] Different mobile television content types listed by their 
popularity are: 1. news 2. music 3. sports 4. cartoons 5. movies 6. soap operas 7. 
sitcoms. [6] 

News is well suited to mobile phones, because the use of mobile TV bursts often 
lasts less than 10 minutes2. News channels are also quite easily re-broadcasted over  
 
                                                           
1 According to a Finnish mobile television pilot, 43 % of test users used mobile television for 

killing time and 40 % to stay up-to-date while on a move.  
2 In a Finnish mobile television pilot an average use time of mobile television was 5-20 minutes 

daily. Only very active users viewed mobile television more than that – up to maximum 40 
minutes per day. 
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the mobile phone, because the content of the channel is continually news: if the user 
selects the mobile news channel (s)he is most likely to get what (s)he expected. Other 
channels may have to think how well their broadcasting is fitting to the mobile 
environment. For example, if a mobile TV user selects a music channel, it’s 
disappointing if there isn’t music in the agenda during her/his short period of viewing. 
The limited time of mobile television use has ramifications for both on the type of 
content and the way that people consume it. [13, 4, 9] Most likely, customized 
services which address specific interests of the individual user will probably become 
more important. [3] 

Digital music is one of the most popular form of mobile entertainment and it is 
supposed to be a key driver for customer adoption of new 3G services. The market for 
music-capable phones is expected to grow quickly. [7] According to a Siemens 
survey, the most attractive applications for American consumers are mobile email, 
mobile music and mobile TV. [12] 

User generated podcasting – audio and video file sharing to a portable device – is 
also a significant phenomenon and regarded as one of the most important content 
types for mobile TV. There are plenty of amateur podcasters all over the world, which 
is seen for example in the enormous success of Youtube. There are sites for podsafe-
music3, where podcasters are able to download free background music for their 
shows. Other services are also created for podcasters, like podcast editing and voice 
offering services. The whole podcasting or mobcasting4 phenomenon may affect the 
forms of present media supply. For example the Finnish Broadcasting Company, 
YLE, which started its podcasting experiment in autumn 2005, has recounted that one 
of the most wished-for podcast contents is a radio play.5  The popularity of podcasting 
certainly challenges traditional media and their business models. The first open source 
radio station, based on podcasting, started in April 2005, in San Francisco.6 The 
channel is moderated and quality controlled for unacceptable material. Overall, user-
generated contents multiplies the whole media supply, and users have countless of 
channels to get contents just to their likings.  

Clearly, user choices and preferences will determine the success of mobile TV 
services. Indeed, for media companies and consumers, mobile media is nothing new. 
Print media such as newspapers or magazines are mobile; the same holds true for 
media such as the car radio, or Walkman. [2] Thus, if new mobile broadcast services 
are to be successful, questions regarding the relevance of the service to consumers 
need to be asked. The research needs to ask questions such as: How does the service 
improve users’ lives or help them? Why it is valuable to them? It is also important to 
consider the issues of when and where the usage will take place, as the mobile 
broadcasting services will most likely to be used in different locations and times than 
the fixed media and information technologies. [10] Taking all the above points into 
consideration, the paper will next present the findings of a user study.  

                                                           
3 http://music.podshow.com 
4 mobcasting is podcasting to a mobile phone. 
5 http://blogit.yle.fi/podcasting 
6 www.kyoradio.com 



218 V. Oksman et al. 

 

1.3   Research Questions  

To find out how people would like to use mobile TV services, this article focuses on 
three main research themes based on empirical research: 

- In what kind of contexts and situations people would like to use mobile 
TV? Is it used as an individualized media device or in social situations, 
in fixed locations or mainly when the user on the move? 

- When is the mobile prime time? Is it the same as television prime time, or 
perhaps a little bit earlier? 

- What kind of contents people would choose to watch on mobile TV? 

2   Research Methods 

The focus of our research is on developing mobile TV technologies and usability of 
the services. With our methodological approach, we hope to gain new insights into 
users’ requirements and expectations of mobile television.  

The purpose of the first field study was to explore users’ media choices in different 
situations. The tested media service prototype combined text, audio and video and 
included solely news contents. Qualitative and quantitative methods are combined to 
make sure that adequate data is collected. Semi-structured interviews and media 
diaries help us understand users’ media habits and how they voice their expectations 
and preferences. Log data reveals the time and duration of actual occurrences of 
service use. We asked the users to take some photos with the camera phone about the 
situations in which they used the mobile news service, and of other places, things or 
contexts that are important to them. This helps us gain an understanding about the role 
of media in the users’ everyday lives. 

The first field test started in March 2006 with users who used the service with 3G 
phones (Nokia 6630 and N70) for one month with Elisa subscription. Before the test 
period, the users were interviewed and they received information concerning the test. 
Demographic data and media user profiles were gathered from the users. The ages of 
the users ranged from 23 to 56. All of them worked at least part time. During the test 
period, the informants reported their user experiences in a test diary. After the test, the 
users were asked to fill in a usability evaluation form and they were interviewed 
again. The usability form covered questions such as the navigation and the ease with 
which the different functions could be utilized. The testers were also asked to assess 
how enjoyable they found watching the news and other media on the screen of the 
mobile phone. The log data of the service use was collected and analyzed statistically. 
The similar kinds of methods were used in the second field test, which started in 
October 2006 and ended in December; with the exception that the log data was not 
possible to collect from these applications. The main aims of the second test were to 
examine the user choices when different, more varied media contents were available 
and to estimate the quality difference between 3G TV and DVB-H TV as well as the 
usability of the services. Ten families tested 3G TV and DVB-H TV with Nokia N92 
for a period of one month. The tested mobile TV services consisted of a wide range of 
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different kinds of contents: from all the main TV channels to sports, news channels 
and from fashion TV to user generated contents.  

The both of the test groups consisted of persons who have been using mobile 
phones and mobile services actively during the last few years. They were also keen 
news and media followers but had different kind of media user profiles each. Some of 
them were very loyal newspaper readers, while others regarded the Internet or TV as 
the best news or entertainment source. The test users had different kinds of hobbies, 
lifestyles and interests. During the test, they carried the test phone as their primary 
mobile, using it for both professional and personal communication. They did not have 
pay for using the developed services. Of course, the price of using the mobile TV 
services, when they are finally finished products on the market, is also a significant 
factor that will affect the use. Naturally, creating good technology and services and 
profitable business models are all difficult activities and if mobile broadcasting 
services are to become successful commercial activities, companies offering services 
have to devote significant attention to consumers and the market. [10, 3]  

3   The Contexts of Use  

- What I appreciated most was the mobility of the service. Situations where 
you’re travelling from one place to another and you have some time to spare; 
it’s perfect for that. I watched a lot of news. I usually don't have much time for 
TV.  (Woman, 34) 

The test users reported on their diaries about their media habits, expectations and 
preferences. It appeared that they valued greatly the possibility to watch mobile TV 
on the go. It was often used for just killing time but it obviously also possesses some 
novelty value which was present in the usage situations. It aroused curiosity also in 
situations with friends or colleagues. It was the most used media type in social 
situations when the device was tested with others.  

- TV was the most interesting to me. The thing I used the most was TV news 
during my coffee break at work. That way I came to show my friends that I 
had a TV in my mobile. Some thought, well, you always have to have the most 
latest gadget. Others said, ok, that’s interesting, but the screen is very small. 
The size of the screen caused a little doubt about whether or not it’s worth it. 
(Man, 56)  

The test users considered the service most useful while they are on the move and 
not at home or in situations where they are unattainable by regular media. However 
they used it also at home for mainly quick check ups and as a personal media device if 
they were not close to a TV-set. Users appreciated the ability to watch news any time 
they liked to. 

It is very handy indeed that you are able to watch the news whenever it is 
suitable for you. You don’t have to care about times. (Woman, 43)  

The ability to select the media format suited for the situation at hand was 
considered important. Audio was perceived as suitable for situations where the user 
was mobile him/herself, e.g. while walking, cycling or roller skating. For situations 
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when the user was sitting or standing still, the media form selected was more likely to 
be illustrated news, text or video.  

“The media format (text, video, audio) has more significance when it 
associated with situations you find yourself in. If you need to know the 
contents of a specific item of news, then I’d opt for a moving image, kind of 
like news broadcasts on TV, that’s condensed information. If you want a 
more in-depth view, you read from the paper or an electronic service.” 
(Man, 42) 

The use of the mobile TV raised discussion in the immediate circle of the testers. 
The general view was that its use was best suited to situations where other media were 
not available or where people found themselves with time on their hands. They could 
use the service while waiting for someone, during their break from work, or while 
travelling on public transportation. Users described it as a nice way of passing the 
time. 

The mobile TV service was mainly used as an individualized, personal media 
format. However, while watching TV, the device became occasionally more social, 
but after the demonstration phase it was mostly used by one person only. 

At work and where I study I would be with others, at home and in the 
bus I would use it on my own. It generated a lot of discussion about how 
it would work, what you could use it for and how nice it would be. For 
us mature students coming from different parts of Finland this would be 
really good as we tend to travel a lot from place to place. For when 
you’re sitting on a train or in a bus or for lonely nights in student 
housing when you don’t feel like going out. (Woman, 34)  

Mobile TV was obviously not used while driving. Users mentioned that in noisy 
environments, like in a bus or in traffic, other media type than TV might be easier to 
use. The use of earpieces in a public place was seen as less awkward than it perhaps 
would have been before [see 11]; however, mobile TV would not be often used 
without earpieces for example in a bus, and sometimes it would be an extra effort to 
find and attach them to the phone.  

 

Fig. 1. The mobile prime place. The mobile TV was used often when moving from one place to 
another. 
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3. 1   Mobile Primetime 

The average viewing time for mobile TV news video was relatively short, clearly 
under 5 minutes (a median for video duration was 1 min 43 sec). The mobile media 
service use spread relatively evenly for the whole day, although use was more 
frequent during the mornings (from 8 to 10) and before the noon (from 10 to 12) and 
early in the evenings (from 16 to 18).  

 
Fig. 2. The prime time of a mobile news service 

The service use was most active in the beginning of the week. The usage tended to 
become less active during the weekends – it was remarkably low on Sundays, 
probably because people were at home watching regular TV broadcasts. 
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Fig. 3. The development of mobile TV sessions. It seems that the sessions tended to become 
shorter during the test. In this chart the first two testing days are ignored, as the usage activity 
tends to be especially high during the first couple of days. 
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3.2   The Most Interesting Media Contents in Mobiles 

Clearly, as the earlier studies show, news was considered as one of the most 
interesting media contents in mobiles. The categories of domestic (25%), sports 
(15%) and foreign news (9%) attracted the most interest. Also the TV-program guide 
was checked quite often (11%). The local news and children’s sections were read 
more randomly. There was high demand only for the latest news – the older news 
from the archive were barely read at all.  

Regarding the entertainment contents, mostly same contents were watched as on 
regular TV, but also special channels were liked for example a channel focusing on 
local cultural events. Thus familiarity was the most used criteria in choosing the TV 
channel. The test users mentioned the major Finish channels (MTV3, Nelonen and 
YLE) as the channels they watched most often.  

Moreover the mobile TV changed their watching routines by offering the 
possibility to follow their favorite programs despite of their location. The time used 
for watching was also shorter than usual, and they could watch only the most essential 
or interesting parts of the programs.  
 

I could not finish the movies until the end, but watched them about 15 to 20 
minutes. I think I watched news more than usually. (Woman, 29) 
 

Video watching durations were considerably longer than on the news field trial, 
approximately from 5 to 10 minutes (according the testers’ own report) and also 
longer durations up till 20 to 40 minutes were reported. Besides the new contents, also 
3G and DVB-H reception difference may have an influence on session durations. 
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Fig. 4. The most popular news categories in mobiles. The regular news categories such as 
domestic news, sports and foreign news attracted the most interest in mobiles. 
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Also certain reality TV series that the users want to keep up with real time were 
mentioned as interesting contents. During the test period an obvious example of this 
was the reality TV show Big Brother, which in addition to television, was followed 
also through other media. The most avid follower was a 27-year old female student, 
who explained that it was essential daily to follow the events at the house from mobile 
TV while she was away from home. 

The comments about interactive services of the mobile TV were most varying. 
Some users expected the mobile TV to include some kind of interactive services, 
while others didn’t. The test users were mainly interested in applications for instance 
to buy or reserve concert tickets.   
 

There could be interactivity in some channels, but too much of it would disturb. TV 
is for relaxing, and it requires some kind of passiveness. (Woman, 50) 
 

The test users estimated that mobile TV would increase their media consuming 
from 5 to 10 percent or from 30 minutes to two hours per day. The extra time would 
include watching TV on the way to work, at the office, and in situations they don’t 
have TV available.  

 

Fig. 5. New contents for mobile TV? On mobile TV, mostly the same entertainment contents 
were watched as on regular TV, but also new special channels were liked for example a channel 
focusing on local cultural events 

4   Conclusions 

Although the field tests were constructed around testing a service in its early stage 
with a quite small test group, they yielded certain interesting results on the uses of 
mobile TV services in different contexts of people’s daily lives. The empirical 
research shows that a device optimised for voice and text communication can offer 
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users an interesting visual experience such as fresh TV news and entertaining 
contents. 

The mobile phone as media is suitable for many different situations. Mobility, 
diversity and real time effect are considered to be the most important characteristics 
of the service and that combination distinguishes the use of the news service from 
other media use. Users appreciated updated information and information-rich media 
forms for mobile news delivery as well as the ability to select the media format suited 
for the situation. There was high demand for the latest news in mobiles. Users also 
appreciated fast functions and easy usability.  

The mobile TV service was mainly used as an individualized, personal media 
format. As personal communication devices are turning into multimedia 
communication devices delivering news and other mass media content, new questions 
about user experience challenges will emerge. Two users interestingly pointed out 
that they would expect the user interface to display a new functional or visual idea. 
They had recently started using a text-based syndicated news browser (Kanavat) that 
has its own “smooth” scroll implementation which they found pleasant. For these 
users, the new scrolling implementation signified the service providers’ investment 
and commitment to developing a good service, and this increased the users’ positive 
attitude towards the service. 

Users appreciated condensed information and media forms for mobile TV and 
news delivery. Most users looked the headlines or followed news several times a day 
– much more often than the traditional TV and news prime times would allow. It 
would be interesting to find the causes behind this as well – do we crave for news 
because we fear catastrophes or is it just some kind of ritual? 

Thus usability issues regarding the small screen user interfaces will be particularly 
important and the quality of reception is crucial. In the long run, it will also be crucial 
to discover what kind of existing and new media formats and distribution channels 
will best suit mobile media.  
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Abstract. The large amounts of TV, radio, games, music tracks or other IP 
based content becoming available in DVB-H mobile digital broadcast, offering 
more than 50 channels when adapted to the screen size of a handheld device, 
requires that the selection of media can be personalized according to user 
preferences. This paper presents an approach to model user preferences that 
could be used as a fundament for filtering content listed in the ESG electronic 
service guide, based on the TVA TV-Anytime metadata associated with the 
consumed content. The semantic modeling capabilities are assessed based on 
examples of BBC program listings using TVA classification schema 
vocabularies. Similarites between programs are identified using attributes from 
different knowledge domains, and the potential for increasing similarity 
knowledge through second level associations between terms belonging to 
separate TVA domain-specific vocabularies is demonstrated. 

Keywords: personalization, user modeling, TV-Anytime, item similarity. 

1   Introduction 

The large amounts of TV, radio, games, music tracks or other IP based content 
becoming available in DVB-H mobile digital broadcast, offering more than 50 
channels when adapted to the screen size of a handheld device, requires that the 
selection of media can be personalized according to user preferences. The TV-
Anytime metadata architecture has been chosen as standard in DVB-H for description 
of content in the ESG electronic service guide [1], which similarly provides 
possibilities for user interaction or submitting preferences utilizing the 3G channel as 
return path. This paper presents an approach to build implicit user profiles based on 
the metadata associated with the consumed content by combining attributes from 
multiple TVA TV-Anytime controlled term vocabularies in parallel [2]. The data 
models forming the fundament for the TVA metadata rely on describing media, 
preferences or the usage environment based on predefined classification schema 
attributes for classifying e.g. the specific genre of a piece of content in terms of its 
category, format, atmosphere or intended audience. As the semantic description can 
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be extended to capture different media features by combining attributes from different 
TVA knowledge domains, this paper will in the subsequent sections: 

• Assess the semantic modelling capabilities of TVA classification schema 
attributes based on BBC program information sample data. 

• Identify partial similarity between programs based on TVA genre attributes 
from different knowledge domains. 

• Demonstrate the potential for increasing similarity knowledge through second 
level associations between terms belonging to separate TVA domain-specific 
vocabularies. 

2   Related Work 

Current research within personalization related to recommender systems often 
combine content based and collaborative filtering models as well as statistical 
knowledge discovery techniques. Whereas content-based filtering uses specific 
features of the media to produce suggestions for other items of a similar genre or 
starring the same actor, collaborative filtering recommends other items based on the 
preferences of users who have requested the same media using correlation or vector 
similarity. Systems providing suggestions of movies like the CinemaScreen film 
recommender agent [3] combines collaborative with content based filtering. It takes 
into consideration actors, directors or genres that have previously appeared in 
collaborative filtering results and thus uses the content similarity for 
recommendation of new items that have not yet been rated by other users. To further 
improve recommendations and compensate for a lack of overlap in items rated by 
different users, case-based reasoning [4] apply data mining of profiles to retrieve 
additional similarity knowledge by extracting frequently co-occurring items and 
define association rules between pieces of content that appear to share certain 
characteristics. 

Whereas these techniques in hybrid combinations can be used to retrieve similarity 
knowledge of items and users, a perhaps even more critical aspect is the selection of 
the features, which characterize the content and thus serve as a fundament for 
defining similarity. In the TVA metadata architecture these features are controlled 
terms selected from domain specific vocabularies listed in classification schemas. In 
the iFanzy recommender system the proposed TVA features are implemented to 
define item similarity based on a set of preferred channels, as well as being used to 
build collaborative filtering based on usage history to match the user to a stereotype 
group of other users with the same interests and viewing behavior [5]. In another 
content-based approach the TVA metadata attributes have been assembled in a 
hierarchical user model mirroring a taxonomy of TV program genres reflecting the 
features of the consumed media [6]. As less emphasis seems to have been directed 
towards how the features may complement eachother, the aim of this paper is to 
assess the potential for increasing item similarity knowledge by implementing 
multiple TVA domain specific attributes in parallel and thus extend the semantic 
dimensionality beyond traditional content genre hierarchies. 
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3   Semantic Modelling 

Similar to the original MPEG-7 concept, the TVA Phase 1 classification schemas are 
indexing tools using controlled terms for describing a particular aspect of the 
metadata associated with the content. If generating implicit user preferences based on 
the media that is being consumed, the TVA terms may thus be implemented to 
classify the content Genre along several dimensions simultaneously based on 
attributes belonging to separate domain-specific vocabularies like: 
 
Origination e.g. cinema, studio, on location 
Atmosphere e.g. crazy, exciting, sad, insightful, heart-warming, analytical 
Format e.g. documentary, cartoon, play, hosted show, quiz contest, DJ, structured 
IntendedAudience e.g. adults, single, children 0-3, professionals 
Content e.g. news, finance, soap, fascism, poetry, grunge, sports  
Intention e.g. pure entertainment, inform, advice, enrichment, education. 
 

The broadcaster BBC has since 2005 made their digital TV and radio program 
listings available in TVA format [7]. Implementing a subset of the TVA metadata 
architecture the BBC program information is mainly constructed around a description 
of Title, free text Synopsis, Keyword listings and structured Genre information 
combining terms from the Intention, Format, Content, IntendedAudience 
and Atmosphere vocabularies.  

Which vocabularies and how frequently they are used to generate the TVA Genre 
information varies according to the needs of the channel for adequately describing its 
content. All channels rely primarily on the Content taxonomy to categorize the 
Genre within sub categories like e.g. soap opera, game show or daily news. 
Such subcategory terms alone would often in conventional recommender systems 
constitute what makes up the concept of a Genre description, whereas in the TVA 
architecture this type of Content categorization is only one among several aspects. 
Programs on the channels CBBC and Cbeebies to a large extent implement 
IntendedAudience terms to define that the described Content categories are 
meant for different age groups of children. Channels like BBC Four, News 24 and 
Parliament differentiate their Content categorizations by adding terms from the 
Format vocabulary, providing labels like documentary, cartoon or 
interview/debate/talkshow in order to simultaneously describe the internal 
structure of the Genre.  

The BBC main channels One, Two and Three, which offer a high diversity of 
programs with a mixed schedule of current affairs, drama and entertainment, in 
addition to the above classification schemas also include attributes from the 
Atmosphere vocabulary like heart-warming, crazy or insightful to capture 
emotional aspects which go across the conventional Genre catagorization of 
Content.  

Together the attributes from the Intention, Content and TVA knowledge 
domains provide taxonomies of terms, consisting of sub category hierarchies up  
to four levels deep. As such the terms are mainly nouns, which narrow down 
classification to specific types of Content or sum up the structure of a media item in 
 



 Semantic Modelling Using TV-Anytime Genre Metadata 229 

 

Fig. 1. Usage of TVA classification schemas for Genre description in BBC One, Two and 
Three program information over a twoweek period 

regards to its Format. In essence the terms make up a top-down hierarchy for 
mapping numerous Genre features onto a small set of equivalence terms defined in 
the TVA classification schemas.  

In contrast the attributes from the Atmosphere vocabulary are mainly adjectives 
capable of expressing associations, which instead of a hierarchy can be seen as 
spatially distributed. The distribution of the Atmosphere terms in itself might be 
more or less dense in regards to the number of adjectives available for describing the 
perceived responses when consuming the Content. Some of these terms define axes 
of opposites like gripping and laid back, or happy contrasted with heart-
rending. The axes may intersect with planes of terms having an almost linear 
progression like intriguing, astonishing and stunning to emulate how 
compelling something is, or in the case of gutsy, powerful, gritty, irreverent 
and confrontational define degrees of radicalism. Yet other terms may appear 
isolated as dense sets of nuanced attributes like humorous, fun, satirical, 
silly, wacky or crazy capable of emphasizing specific aspects within the 
Atmosphere. 

4   Item Similarity 

Related to the aspects of entropy in information theory [8] a partitioning of items 
according to features reduces the data to a smaller number of significant 
characteristics and thus improves the effectiveness when predicting what media items 
to present in a personalized selection produced by a recommender system [9]. Seen in 
this light the TVA classification schemas provide a standardized selection of terms 
representing significant features of media items. So when considering information  
 



230 A. Butkus and M. Petersen 

entropy in relation to probabilities associated with selecting two similar programs 
among the available items, we might assume close to zero entropy if knowing that 
features fully describing two chosen items are identical. If knowing that not all of the 
features describing two items are identical we might assume only partial similarity 
with a corresponding increase in entropy.  

Assuming that metadata attributes from the TVA classification schemas could 
provide sufficiently significant features for defining Genre item similarity, we have 
analyzed 2 weeks of BBC program description data. Assessing the average usage of 
different TVA vocabularies in BBC One, Two and Three (Fig.1) we first extracted 
data from BBC Three as it appeared to have roughly equal amounts of metadata 
attributes describing the Genre using controlled terms from both the Content and 
the Atmosphere knowledge domains (Fig.2). 

 

Fig. 2. The usage of TVA Classification Schemas for Genre description in the BBC Three 
program information 

Working from the hypothesis that the Content and Atmosphere vocabularies 
could be orthogonal we wished to analyze whether it would be be feasible to retrieve 
additional item similarity between programs by combining attributes from the two 
vocabularies. These programs would not necessarily be close in terms of Content 
categorization but might still be relevant for recommendation due to their overlap in 
Atmosphere. We therefore first analyzed to what degree the BBC Three programs 
could be seen as similar based on whether they would share one or more Content 
classification metadata attributes, and following whether also taking their 
Atmosphere descriptions into consideration would increase the number of perceived 
similar media items.  

After that we extracted data from the BBC Two program information, which from 
the distribution of classification schemas seemed to suggest that the Atmosphere 
vocabulary was much less used when describing the Genre and that we consequently 
would expect little effect in terms of identifying additional item similarity. We here 
similarly first looked for overlaps between programs sharing on one or more 
Content classification terms, and following whether including Atmosphere would 
extend the selection with additional perceived similar items. 
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Fig. 3. The usage of TVA Classification Schemas for Genre description in the BBC Two 
program information 

5   Results  

Analyzing Genre item similarity in the BBC Three program information based on the 
Content attributes only, highlights some of the challenges content providers are 
facing when indexing media in a hierarchal structure.  No less than 16 out of 28 
programs overlap on the very top level of the taxonomy by being identically labeled 
amusement/entertainment. One level deeper in the Content taxonomy 9 out of 
the 16 programs are defined as comedy using a second attribute, while 4 and 3 
programs are labeled as non fiction/information and general light 
drama respectively. The usage of Content terms is thus mainly concentrated within 
the upper layers of the taxonomy resulting in a relatively general classification. Fewer 
programs are defined based on the lower more detailed levels of the Content 
taxonomy resulting in very little overlap between items that are more accurately 
defined in terms of their Genre. 

Secondly when analyzing the BBC Three program information on a program level 
and not just considering an average usage of classification schemas on a channel 
basis, it becomes evident that the Atmosphere terms are in reality only used for 
Genre description in 4 out of 28 programs, which can also be seen from the 
fluctuating distribution over the two weeks period (Fig.4). In this case among 2 out of 
the 4 programs the Atmosphere vocabulary terms can be seen as axes consisting of  
the terms humorous, irreverent, satirical and silly. Yet another program 
is defined along an axis of the terms gripping, gritty and gutsy. When 
associated with the actual programs in the BBC Three program information data this 
additional information does not extend the item similarity. These characteristics are 
already captured in the Genre description based on the Content classification, and 
as a result the number of identified similar programs is not increased when analyzing 
two weeks of BBC Three program information. 

When going through the same steps of extracting items sharing one or more TVA 
attributes, instead analyzing BBC Two program information, a different pattern 
emerges. The use of attributes from the Atmosphere vocabulary is much less 
pronounced but more evenly distributed across 9 different types of programs. 
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Fig. 4. Usage of TVA Atmosphere terms for Genre description in BBC Three program 
information related to specific programs during a twoweeks perio 

Taking the auction show “Flog it!” as an example it would based on Content 
classification alone overlap with 33 other programs labeled as amusement/ 
entertainment, while its more descriptive fine arts label from the lower levels 
of the classification taxonomy would not be shared by any other programs. Due to the 
elements of consumer advise and quiz/contest in the program it will further 
overlap with 2 and 6 other programs respectively within these more defined Content 
taxonomy sub-categories. 

 

 

Fig. 5. Distribution of TVA Atmosphere terms for Genre description in BBC Two 
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Using attributes from the Atmosphere vocabulary “Flog it!” is also described in 
the program information as analytical, eclectic, insightful and 
astonishing. When filtering on the Atmosphere attributes it becomes apparent 
that this type of characterization makes the approch of the program rather than its fine 
arts subject stand out as the most significant feature. As a result one or two of these 
attributes characterizing “Flog it!” would be shared by 5 other programs, which are 
not closely related within the Content classification taxonomy. In this case it 
overlaps with programs defined by the following Atmosphere terms: 
 
“Newsnight” - analytical, insightful, serious 
“Newsnight Review” - analytical 
“Gardeners World” - insightful, practical 
“Escape to the Country” - analytical, practical 
“TOTP2” - eclectic, rousing 
 

None of these programs would be identified as similar to “Flog it!” if only taking 
Content classification into consideration when describing the Genre. If increasing 
our requirements when using Content classification and demanding that programs 
share at least 2 attributes based on differentiated terms indexed three levels down in 
the Content taxonomy, “Flog it!” would be identified as similar to only 8 programs.  
Adding terms from the Atmosphere vocabulary when analyzing item similarity of 
the BBC Two sample data would add 5 more programs, which could be considered 
relevant for recommendation when filtering media. 

6   Conclusions 

Though only very small samples of program information from the BBC channels Two 
and Three program information were analyzed, a number of issues related to 
retrieving item similarity between programs have been identified. Using only 
Content categorization as a basis for describing Genre will tend to identify similar 
items, which belong to closely related categories. One might argue that the terms 
belonging to the very attribute top levels of the Content taxonomy provide a too 
general categorization in order to efficiently identify similar program unless coupled 
with additional attributes from the more differentiated lower levels. At the same time 
this results in a scarcity of data due to lack of overlap between highly differentiated 
sub-categories of Content.  

The Atmosphere attributes in the BBC Three sample data were associated with 
very few programs and the terms did not facillitate to further identify similar 
programs. Obviously the data sets were small but the results also highlight that the 
effectiveness of the Atmosphere attributes would depend on whether these terms are 
orthogonal to the description already captured by the Content classification. In the 
case of the analyzed program information from BBC Two the Atmosphere attributes 
were more evenly distributed among programs, and the potential for increasing item 
similarity between programs by combining the top-down Content classification 
approach with associative Atmosphere attribute terms was demonstrated. 
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