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ABSTRACT

In this paper, we investigate future topics and challenges of
interaction and user experience in multimedia. We bring
together different perspectives from overlapping fields of
research such as multimedia, human-computer interaction,
information retrieval, networked multimedia, and creative
arts. Based on potential intersections, we define three ap-
plication domains to be investigated further, as they create
high demand and good prospect for long-lasting develop-
ments in the future. These application domains are: me-
dia working environments, media enter-/edutainment, and
social media engagement. Each application domain is an-
alyzed along five dimensions, namely: information quality,
presentation quality, ambience, interactivity, and user ex-
pectations. Based on this analysis, we identify the most
pressing research questions and key challenges for each area.
Finally, we advocate a user-centered approach to tackle these
challenges and questions in order to develop relevant multi-
media applications that best meet the users’ expectations.
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1. INTRODUCTION

Gaining experience through interaction with multimedia
applications is an essential part of our day-to-day work with
computers. In this paper, we are looking into the future
topics and challenges that this experience-based interaction
demands. The work is motivated by and carried out dur-
ing the Dagstuhl seminar on “Contextual and Social Me-
dia Understanding and Usage”*. It is a joined collaboration
of different researchers from different fields including multi-
media, human-computer interaction, information retrieval,
networked multimedia, and creative arts. The overall space
that is spanned by interaction and user experience is huge
and currently there exists no good overall taxonomy or clas-
sification. As a consequence, we observe today in the dif-
ferent fields of research a lack in understanding and being
aware of the different requirements that interaction and user
experiences with multimedia technologies actually involves.
To alleviate this situation, there are several goals of this
paper that the Dagstuhl group discussed:

(a) definitions what interaction and user experiences mean,

(b) taxonomy and classification of the problem space along
two major axes, namely the application domain axis
and the assessment metrics, manifested in a foundation
map,

(¢) characteristics and challenges of each of the elements in
the foundation map, and

(d) the future topics and directions how to approach these
challenges to get more rigorous and holistic solutions.

!Seminar homepage: http://www.dagstuhl.de/no_cache/
en/program/calendar/semhp/?semnr=2008251



This interdisciplinary approach and multiple goals to-
wards an understanding of the relationship between experi-
ence and interaction formed the initial starting-point of our
investigation. It is reflected in the structure of this paper,
which is organized as follows: In a first step, we elaborate
on the different notions of interaction and user experience
from the point of view of the different research fields. These
are briefly described in Section 2. Based on potential in-
tersections, we define three application domains to be in-
vestigated further, as they create high demand and good
prospect for long-lasting developments in the future. Those
three application domains are described in Section 3. In Sec-
tion 4, we assess the application domains with respect to the
different understandings of interaction and user experience
apparent in the various disciplines and provide an agreed
understanding of the requirements implied with these areas.
In Section 5, we present the most pressing research questions
and key challenges derived from the provided analyses. In
Section 6, we conclude with the proposal of a user-centered
approach to tackle the challenges and problems.

2. INTERACTION AND USER
EXPERIENCE

Experience-based interaction between a human and a
computer system, making use of a range of media, is ad-
dressed in different facets and point of views from the dif-
ferent fields of research. In the following, we present the
notion of interaction and user experience in the fields of mul-
timedia, human-computer-interaction, information retrieval,
telepresence, and creative industry.

In multimedia-based human-computer-interaction,
it is of interest how humans communicate with a system
and how humans are connected to each other through sys-
tems [13]. Users can interactively manipulate multimedia
objects and make changes. Desired changes become imme-
diately apparent (responsiveness and feedback). User expe-
rience entails how users feel about interacting with systems,
e. g., happy, efficient, or what one can do with the system.

From an information retrieval (IR) standpoint, users
can interactively inquiry systems to retrieve (multimedia)
information [26]. The users can interact with the retrieval
results and browse data [16] through faceted search [10]. In
contrast to multimedia-based human-computer-interaction,
the overall goal in IR lies in minimizing the interaction be-
tween the human and the computer in order to provide an
optimized user experience in terms of productivity and en-
joyment. Thus, interaction is merely considered a means
to overcome the limitations of the system’s ability to ex-
actly produce what users want. (In the ideal world, the user
thinks of an object to receive and computer instantly shows
it.)

In networked multimedia such as telepresence [29] the
system is seen as the mediator that enables better human-
to-human communication and interaction. One goal of net-
worked multimedia is to provide support for (nearly) natu-
ral interaction among the users through computers [20] in
applications such as virtual meeting systems [14]. As a con-
sequence, latency needs to be minimized so that people can
converse like in a real world (avoid potential social interac-
tion barrier by the computer). With respect to user experi-
ence, telepresence deals with, e. g., “out of body” experiences

where the user is seeing oneself in a cyber space like in a vir-
tual dancing scenario [30].

In the creative industry, interaction is seen user-
driven [17, 18]. Users can do whatever they want to do. The
computer systems are in the background and possibly do
not interfere with the users’ “workflow”. Thus, the human-
to-computer interaction is responsive but non-intrusive. In
the creative industry, the goal is to develop adaptive and re-
sponsive systems that “know” what they are doing and how
they should respond to the users. This raises the question
whether the users expect deterministic system behavior or
want to explore their creative side. In general, having con-
trol is essential to the users and the users need to understand
what the system does. However, depending in which stage
humans are in their processes, non-deterministic behavior
and even imperfections in the multimedia systems (e. g., de-
lays) are desired to get the creative side of it and produce
something that is not anticipated. Thus, the users want to
be challenged by the system and want to experience some-
thing new by using the system [1].

3. APPLICATION DOMAINS

The views on interaction and resulting user experiences
of the considered fields of research are different. However,
the elaborated discussion about these views in the differ-
ent disciplines distilled distinct applications. These applica-
tions could demonstrate that the different disciplines could
provide (in a collaborative effort) a holistic solution that
far better suits the changing user needs then current more
single-task oriented approaches. We cluster these applica-
tions in three application domains, which we outline below.

Media Working Environment.

This application domain deals with any kind of interac-
tive multimedia applications used at work. The goal of the
media working environment is to support the users to be pro-
ductive at their workplace. To this end, the media working
environment is designed to be task-oriented. The overall ex-
pectation of the users is to accomplish their tasks effectively
and efficiently. We distinguish two kinds of media working
environments, namely the functional and the exploratory.
The functional working environment minimizes the itera-
tions of user interaction with the system, as environmental,
temporal, or personal reasons require punctual termination
of the tasks to be done. Users expect the system to provide
precise answers to their queries, to exhibit a deterministic
behavior, and to support intuitive use. The system shall
provide the information the user needs and do it fast. Such
a system can be intended for engineers and helps them in
finding specific construction parts needed for the design of a
new engine. The system can also be for story developers in
the creative industries who need to solve a problem in the
ending of a soap episode. Thus, the functional working en-
vironment primarily (but of course not exclusively) relates
to the understanding of interaction and user experience as
in the research field of IR (see Section 2).

An exploratory system works in a similar fashion. How-
ever, the temporal constraints are less rigid or the general
work purpose is to develop something that has not been cre-
ated before. Thus, the tasks are rather creative and can be
the development of a complete new car engine with dras-
tically reduced consumption or searching for specific media
assets to be included in the design of a new presentation



or exhibition. The key is to “surprise” the users, i.e., to
show the users media assets and to suggest compositions
that have so far not been done. Here, users expect a kind of
system assistance that helps them in finding these new as-
sets and experiencing the surprise (challenging factor). As
a consequence, creative media working environments can
show a non-deterministic behavior. In fact, such an non-
deterministic behavior is expected by the users in order to
develop new ideas. Thus, for the exploratory working envi-
ronment we see the strongest relation to the understanding
of interaction and user experience as in the creative indus-
tries.

The challenge is to provide systems that can adapt their
strategies to the current user needs, thus be able to oscillate
between functional and exploratory states. Such systems
can only be achieved based on an interdisciplinary collabo-
ration. Each discipline by itself will not be able to solve the
integration challenge alone (achieve a goal in a particular
time frame).

Media Enter-/Edutainment.

In this application domain, we consider the spare time
activities of users for the purpose of entertainment and edu-
tainment. Thus, in contrast to the media working environ-
ment, the main purpose is to be entertained and edutained
by using media. In the media entertainment, users want to
get emotionally involved, intellectually challenged, or phys-
ically engaged by consuming the content and using the ap-
plication. With media edutainment, the main purpose is to
learn and train using and understanding media. The users
expectations here are mainly experience-driven and through
this experience users learn about a (new) situation, e.g.,
learning about pollution or global warming via gaming. As
such, the understanding of interaction and user experience
in the media entertainment and edutainment domain mainly
relates to the research fields of multimedia-based human-
computer-interaction and creative industries and also makes
strong use of networked multimedia.

The challenge is to provide systems that can sense human
experience, which also mean that they are able to represent
it accordingly. Only through the integration of the various
disciplines described earlier as well as the additional inte-
gration of, e.g., psychologists and ethnographs, we will be
able to establish interactive systems that can retrieve and
present the adequate media in time.

Social Media Engagement.

Finally, under this application domain we subsume ap-
plications that aim at helping users to be socially engaged
and stay socially engaged. These can be applications for as-
sisted living and smart buildings [19]. Examples are check-
ing on elderly relatives, shared living, and providing a bet-
ter family bonding, e.g., during a long-term separation of
mother and child [7, 4]. For this application domain, we
mainly see a connection to the research fields of multimedia-
based human-computer-interaction and networked multime-
dia that target at gaining a better understanding of human-
to-computer communication and enabling better human-to-
human communication and interaction through systems.

Applications of this kind are by nature ambient as well
as presence-oriented. Even though here the retrieval is—
as one of the few application cases—not the driving factor,
these type of applications require a high amount of interdis-

ciplinary collaboration as various aspects of interaction as
well as experience need to be addressed.

4. ASSESSMENT DIMENSIONS

Quite a substantial part of human activity can be encom-
passed by the three application domains outlined above. Hu-
mans will pass from one area to the other and they will ex-
pect that a computer system understands where the current
focus of interaction and the level of experience currently
stands. Yet, the three different application domains have
different requirements with respect to application aspects
such as the environmental and temporal context in which
they are used, user background and knowledge, and so on.
Therefore, we see the need to identify dimensions that allow
to establish means for a system to identify these levels and
to accordingly adapt to the context. We identify five di-
mensions that are apparent in each application domain and
facilitate to establish a first set of requirements for defin-
ing what interaction and experience for a domain means.
The dimensions are defined based on our understanding of
interaction and user experience in Section 2 as well as the
characteristics of the three application domains described in
the previous section. The assessment dimensions are:

1. Information quality: In this dimension, we consider
at what level of quality the knowledge and content
should to be offered by the application. It can range
from very accurate or real-time information to more
general statements such as enjoyable content or the
content should approximately show the sensor data
of the application. Thus, the knowledge and content
quality is about the accurateness of the information
provided by the application. However, it does not deal
with how the knowledge and content is actually ren-
dered and presented to the users. This is part of the
presentation quality described next.

2. Presentation quality: With the presentation qual-
ity, we consider the communication of the knowledge
and content by the system to the user. Thus, it ad-
dresses how content is presented, in which resolution,
color depth, bitstream quality, and so on.

3. Ambience: With ambience (or presence, immersion),
we consider how important it is that the users can im-
merse into the use of the system while interacting with
it or immerse in the content provided by the applica-
tion.

4. Interactivity: With interactivity, we valuate the im-
portance of a system’s response based on user input.
This quality feature also deals with how users act upon
system feedback.

5. User experience and expectation: With this char-
acteristic, we consider the kinds of experience a user
has. It especially incorporates the expectations with
which the application is used. Thus, we consider how
to meet the user expectations and requirements with
respect to, e.g., the system response time or how the
system otherwise behaves.

We use these five dimensions on the three application do-
mains to establish a first and still very simple foundation
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Figure 1: Foundation map for describing the influence of application dimensions (assessment metrics) on the
application domains of media working environment, media enter-/edutainment, and social media engagement.

map (the term ontology would be an exaggeration) that
explains basic differences between the application domains.
The foundation map is described in Figure 1.

We are, of course, aware that the provided foundation
map should not be viewed as detailed and ready to be im-
plemented. Our goal is rather to identify and generalize
functionality that the application domains provide with re-
spect to their interaction as well as experience capabilities.
In fact, this is a multidimensional space we address here
through which an adaptive system can only navigate if other
models are incorporated such as the model of canonical pro-
cesses of semantically annotated media production [9, §],
the model on (multimedia) semantics as described in [22,
21], or the event model as presented in [28, 27]. However,
we believe that the current version of the foundation map
is a first step toward a proper modeling of interaction and
experiences in adaptive systems.

S. RESEARCH TOPICS AND KEY
CHALLENGES

Besides the already mentioned necessary improvement of
the foundation map and its integration with other relevant
models regarding interaction and experience, a number of
additional research issues and challenges were identified.
Each of them will help to provide a more unified model that
can allow adaptive systems to provide adequate interaction
as well as experience gaining. The research issues are:

1. Explore use of new forms (combinations) of multi-
ple media and modalities in interactive environments
that facilitate learning and training, entertainment,
and fulfill (immediate) information needs of users.
Such interactive environments may make use of gam-
ing metaphors, mixed use of physical and cyber space,
and so forth.

2. Explore the use of existing multiple media in combina-
tion with new technologies for new applications. These
can be use of video streams and sensors in smart homes
for assisted living. Another example are working envi-
ronments for meeting support such as virtual confer-
ence systems.

3. Investigate in systems for automatically detecting the
user context (such as individual foreground knowledge,
preferences, interests, needs, location, time, used end
device, and social situation [2, 15, 5, 23, 6, 3, 24])
and properly act upon it. Such applications can be in
both the working environment and entertaining envi-
ronment. In addition, we have to address the problem
of users constantly switching between different con-
texts, a currently ignored problem.

4. Dealing with huge amounts of data while ensuring ap-
propriate system response time. One approach to al-
leviate this problem is prioritizing information and by
this reducing the data set. This topic is tackled, e. g.,
by contests such as the Billion Triple Challenge [25]
that aims at optimizing performance and quality of
the information for very large data sets.

To summarize, we think that the future challenges to be
researched and solved are:

1. Learn how to computationally model, capture, pro-
cess, and use context in multimedia systems. To this
end, we need to identify the relevant aspects of context
(depth of modeling), accurately capture this context,
and being able to recognize fast changes in context
(e. g., in surveillance and emergency response).

2. We need to leverage and bring in new modalities and
media in social interaction and social collaboration.



Thus, we need new forms of social media like blogging,
better understanding of user context, and encourage
use of new forms of media.

3. Finally, we need to develop systems that users can in-
tuitively access so that they can concentrate on the ex-
perience. To this end, it is necessary that the system
is aware of the users expectations and reacts appropri-
ately to it.

6. FUTURE TOPICS AND DIRECTIONS

In order to address and tackle the challenges identified
above, we propose the following approach. We assume that
a number of iterative cycles between the two items will be
needed to carried out.

e We need a holistic approach towards harmonizing dif-
ferent models for capturing, processing, and using con-
text as well as experiences in interactive multimedia
systems. The different modalities and media in appli-
cations for social interaction and social collaboration
are to be combined. We further see a high demand
for design and implementation techniques for enabling
interactive performance. This approach indicates in a
bottom-up approach what is feasible with state of the
art technology.

e We require user-centered design of applications and
understanding users through interaction with the sys-
tem. Thus putting users first when aiming at design-
ing and implementing interaction and user experience
in multimedia systems. As this approach takes into
account the users’ needs and expectations as the main
means for designing applications a top-down view to
system development needs to be applied.

The further, we need to consider and study models and
approaches from other disciplines. For example, if we want
experiences and user impact in the area of teaching tools,
we should tap into educational theories. Other major disci-
plines where we need to investigate in as a community are
psychology, social science, and others that have developed
for many years communication theories. The discipline of
economy also studies people and has theories how people
behave due to economical factors. To summarize our ap-
proach, we believe in the need for a human-centered design
and computing [11, 12] in order to address and tackle the
research topics and key challenges identified in Section 5.

Applications from the domains outlined in Section 3 that
could possibly benefit from our approach are: video surveil-
lance, emergency response, tourist guides, enterprise infor-
mation search, business intelligence (e.g., consumer intel-
ligence, and others), creative content creation aid, games
and creative arts, ambient and smart environments, and folk
computing.

7. CONCLUSIONS

In this paper, we investigated future topics and challenges
of interaction and user experience in multimedia based on
different perspectives from overlapping fields of research
such as multimedia, human-computer interaction, informa-
tion retrieval, networked multimedia, and creative arts. We
defined three application domains to be investigated further,

as they create high demand and good prospect for long-
lasting developments in the future, namely: media working
environments, media enter-/edutainment, and social media
engagement. Each topic is analyzed along five dimensions,
i. e., information quality, presentation quality, ambience, in-
teractivity, and user expectations.

The result of the analysis established is the main contribu-
tion of this paper, i. e., a foundation map that explains basic
differences between the three application domains with re-
spect to user interaction and user experience gained from
interaction. Of course, we are aware that the provided foun-
dation map should not be viewed as detailed and ready to be
implemented. Our goal is rather to identify and generalize
functionality that application domains provide with respect
to their interaction as well as experience capabilities.

Based on this analysis, we identified the most pressing
research topics and key challenges for each topic. We con-
cluded the paper with the claim that only a user-centered
approach can achieve to tackle these research challenges and
questions in order to develop relevant multimedia applica-
tions that best meet the users’ expectations. We believe that
the overall goal of our research and the applications we are
developing is to make the best combination of user(s) and
system(s). The goal is to make users happy and productive.
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