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Abstract Ambient media are novel, and this new media form alters our daily-living
experience in many ways. Ambient media refer to media environments that are embedded
throughout the natural space where people are following their daily activities. These digital
media environments become part of the living space and altering our daily-living experience
in many ways. The goal of this article is to elaborate the status of ambient media today and to
forecast how ambient media will develop in the next decade. It clearly identifies megatrends
and develops scenarios (e. g., ambient-assisted living) for the future. These scenarios shall
shed light on the potentials and give a glimpse on the potential future development of
embedding digital objects into the daily living space. This paper is based on a future wheel
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approach and on an analysis of the results of an expert workshop. The article concludes with
a discussion of the results and an evaluation of the impact of each scenario.

Keywords Ambient media . Ubiquitous computation . Pervasive computation .

Human-computer-interaction . Ambient assisted living . IPTV. Shape shifting media . User
experience . Smart environments . Smart cities . Smart urban environments

1 Introduction

The key theme of this article is to analyze the state-of-the art of ambient media. To this end,
it especially focuses on the following research questions:

& What do ambient media have in common and what are ambient media today?
& How can ambient media develop in the future given the current state-of-the-art?

Ambient media today are clustered. Many new services such as location-based services,
ambient-assisted-living solutions and new artistic approaches emerge. As ambient media can
be seen as a revolution that takes place in the background and consumers are currently not
aware that these are ambient services, it is challenging to draw a clear outline what ambient
media environments actually are. It is also difficult to define how they will impact the
consumer experience, especially when digital services overlaying real-world spaces con-
verge with daily-living activities. The challenge therefore is to analyze what ambient media
services are today and how they might develop in future.

Figure 1 depicts the various aspects of ambient media that have been considered and
discussed in an expert workshop. The easiest approach is to analyze ambient media from a
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Fig. 1 Fishbone (cause-effect) tool to identify the current state of ambient media (after [5])
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technical-enabler and methods and techniques point of view. Many are already available in
research laboratories or in industries. However, as soon as we discuss ambient media from a
media-characteristics and consumer-experience point of view we have more and more
difficulties as ambient media are an innovation that is hard to grasp for end-consumers.
The discussion around content, services, and applications seems to be an easier one. But as
ambient media are a new form of media also the notion of content will be changing. So far
media existed within the scope of easily distinguishable forms such as TV sets, newspapers,
or cinema screens. As ambient media distributes its media objects throughout living spaces
such as kitchens or public spaces, the borders between content, applications, and services are
more and more blurred. However, also the borders between physical, real-world objects blur.
Ambient media require a new way of thinking in terms of the development of media objects.
In addition, multi-disciplinary teams involving designers, experience experts, engineers, and
business people are required to develop them. A living space simply requires more than a
technical solution—it requires the creation of an experience, which is only possible with
knowledge of several domains.

In addition, media have an impact on society and transforms societies, the way how we
collaborate, and how people interact with technologies. This is another problematic issue in
discussing the notion of ambient media. It goes in line with discussing the business prospects
of ambient media. Ambient media content and ambient media services are innovations and
like each innovation they are tricky to deal with in the context of commercialization. All
these points require a systematic analysis, especially a thorough discussion of what ambient
media are today and which characteristics they have in common. Giving a future prospect on
how they might be developing has a direct impact on their development, especially when
discussing the impact on society or business development.

Before elaborating on the existing factors influencing ambient media we reflect on
the current research problems, the current status quo, and literature, in which this is
discussed:

& not powerful and accurate enough approaches for detecting health care problems or
managing health care services (e.g. [70] or [29]);

& alternatives for sharing human knowledge rather than existing Internet services as
Google or Facebook (e.g. [62]);

& utilization of legacy hardware, software, terminals and home technologies in ambient
media services supporting services in healthcare or assisted living (e.g. [73]);

& computational power easy backend services and lack of existing solutions for specific
problems by utilization of ambient services;

& fat client approaches and terminals rather than thin and fast client approaches to support
adequate user experiences (e.g. [24]);

1.1 Method and approach

The development of an adequate method to explore how ambient media might develop in the
future requires much skills and thoughts. As the goal is to examine existing research
materials and literature qualitatively, the approach has to be well-developed. To cope with
this challenge, we based our method on the basis of a method that was developed within the
scope of the Next Electronic Media (NELME) project, whose research topic was the
exploration of how television might develop in the next years. A modified method of
Ville Ollikainen has been used within the scope of this work (see [64]). The process of the
method has the following major steps:
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& Organization of an expert workshop in the form of a scientific workshop to collect
expert knowledge and a basic view to the field of ambient media (workshop results see
[48]). The expert group was composed based on workshop papers, and carefully
selected. The profile of the participants emerged from academia. However, a few were
coming from industrial R&D laboratories.

& Fishbone tool [5] to identify the cause-effect chain of ambient media. The fishbone
method was applied in the workshop with the goal to solve the particular problem of
what ambient media are today and what ambient media have in common (see results
documented in Fig. 1). The goal was to explore the phenomenon of ambient media and
identify the cause that led to this development. The fishbone or cause-effect tool was the
right approach towards stimulating the discussion to explore the space problem. It should
help to illustrate the current state of ambient media and the factors that contribute to
ambient media in a wider context.

& Identification of the current state of the art by analyzing the results of the scientific
workshop, expert discussions in the workshop, and the cause-effect relationships. In
addition, finding the key-contributors for its development on various levels: technical
enabler; media characteristics and experience; society, people, human-computer interac-
tion, and interaction design; business value and stakeholders; content and services; and
methods and techniques.

& Development of scenarios for ambient media based on key-signals. The goal after the
development of the state-of-the-art was the development of top-level scenarios how
ambient media is used today and potentially in the future. These scenarios (e. g.,
location-based personalized services) are constructed by analyzing key-signals and
issues that have impact on the development of ambient media in the future.

& Forecast for the development of each scenario. Based on the analyses so far, we have
tried to draw a forecast for ambient media in the year 2020 and identify various aspects
how the developed scenarios will have an impact in the future. Thus, in this step we have
developed a vision for a future media environment. The scenarios have been compared
to the workshop results in order to develop ambient media of the year 2020.

The use of this approach was critical for the success of this study. Especially the very wide
and hard to graph field of ambient media is difficult to bring under a common umbrella.

1.2 Related work and studies

To conduct this research, we have established a workshop in 2011 on Semantic Ambient
Media Experience (SAME) in conjunction with the 5th International Convergence on
Communities and Technologies conference in Brisbane, Australia. The following contribu-
tions to the workshop acted as starting point for our investigation: [8, 10, 19, 24, 39, 45, 56,
61, 62, 70, 74, 85], and [73] compiled in [48]. However, most of the other key-references are
stated within the scope of this article. To mention a few references, we would like to pinpoint
to the following for very specific questions to be addressed in ambient media research: user
experience and interfaces (see[3, 38], and [40]); ambient assisted living and aging population
(see [83] and [68]); general ambient media research (see [44, 47, 48, 49, 50], and[46]); and
Artificial Intelligence (AI) (see [60, 71, 75]).

The remainder of this article is organized as follows: Section 2 identifies common
denominators of ambient media today. Section 3 presents motivating forces, trends, and
signals as indicated by the common denominators. In Section 4, several scenarios for the
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investigation how ambient media might develop until the year 2020 are illustrated. Finally,
Section 5 is devoted to a discussion and presents our vision for ambient media in 2020.

2 Common denominators of ambient media today

Within the scope of this section several research works are examined to identify common
denominators of ambient media today. These are structured according to the fishbone model
presented in Fig. 1.

2.1 Technical enabler

The key technical enablers are illustrated in Fig. 2. This section provides a comprehensive
overview of their motivation and argues why they are relevant and how they impact ambient
media environments. Nevertheless, they can be considered as the main contribution to
today’s existing ambient media technologies.

2.1.1 Artificial Intelligence (AI)

Smart environments require methods from Artificial Intelligence (AI). AI can be considered
as the intelligence of machines and the branch of computer science that aims to create it. AI
textbooks define the field as “the study and design of intelligent agents” ([71, 75] and [60])
and an intelligent agent is considered as a system that perceives its environment and takes
actions that maximize its chances of success [43]. John McCarthy, who coined the term in

Fig. 2 List of main technical enabler for ambient media today
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1955, defines it as “the science and engineering of making intelligent machines” [52]. Thus,
any technology that allows smart environments to be even more “intelligent” can be
considered as technical enablers for ambient media. Examples for applying AI are systems
for health-care monitoring [70]. Semantic ambient media systems for health-care moni-
toring allow increasing the quality and the safe living of elderly people at their homes.
These systems implement AI methods as e. g. automatic classifiers that support autono-
mous living of elderly people by detecting health problems that are recognizable through
movement [70].

2.1.2 Ambient Intelligence (AmI) and ubiquitous technologies

Ambient Intelligence (AmI) refers to electronic environments that are sensitive and respon-
sive to the presence of people. AmI is a vision on the future of consumer electronics,
telecommunications, and computing that was originally developed in the late 1990s for the
time frame 2010–2020. In an ambient intelligence world devices support people in carrying
out their everyday life activities, tasks and rituals in an easy and natural way using informa-
tion and intelligence that is hidden in the network connecting these devices (see Internet of
Things [22]). As these devices become smaller, more connected, and more integrated into our
environment the technology disappears into our surroundings until only the user interface
remains perceivable. Another aspect of the utilization of ambient intelligence or ubiquitous
technologies is the linkage of media objects through physical and digital spaces [19] called
“object hyperlinking” which deals with introducing structure to objects. This is demonstrated
through various services as demonstrated e. g. by the project Pachube [88]. Therefore,
ambient intelligent technologies, ubiquitous computation, and pervasive computation enable
a new world of services.

2.1.3 Semantic data models, content, and metadata

Metadata is a set of data that describes and provides information about other data [19].
Beyond simple growth in availability the nature of metadata is evolving in usage,
location, and type. Large amounts of metadata are used by computers without our direct
knowledge in order to launch a correct program or structure web pages based on
underlying metadata specifications. New types of metadata are starting to permeate every
aspect of our daily lives. We have sensor networks in our mobile devices, cars, etc. Being
able to get nearly instant access to a large amount of meta-information has added a “sixth
sense” of clarity and orientation [19].

This technical view also relates to other methodologies such as the development of
ambient content formats and several other aspects relating to the content. Examples for
these are technologies for content annotation, content tagging, or databases for content and
asset management. The spectrum of technologies range even further: from methods and
models for user profiling, personalization to consumer data mining.

2.1.4 Existing computing frameworks, software, and hardware

Currently, there is a lot of technology in form of digital gadgets and home equipment
available throughout households. These range from simple mobile phones with basic phone
functions, smart phones, Set-Top-Boxes, WebTV platforms, Internet Protocol Television
(IPTV), up to high-end home multimedia equipment. One of the most prominent examples
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of existing technologies is IP-based networking, which can be seen as the “universal bus
system” on the Internet. IP based technologies allow the integration of Internet services and
devices, thus, they enable the ‘Internet of Things’.

As shown in many research works, also other standard home equipment technol-
ogies enable the emergence of new ambient service types as these are traditional
equipment that already service as they act as content access points. One example is
described in [73], in which a personal health tele-monitoring application is integrated
into an IP-TV home environment. The application is implemented as a net-top box
application and enables the monitoring of blood pressure and body weight as well as
the support for online medical interviews. There are also other systems such as the
previously described service for sharing human knowledge via SMS [62]. Therefore,
the deployment of existing technologies allows a practical and economical solution for
the development of ambient media.

Other aspects of existing computing frameworks, software, and hardware are their
robustness, affordability, and availability in developing countries. The mobile social
network search based on simple technologies such as SMS is discussed in [62]. The
developed concept presented in this work leads to the idea that especially simple
technologies are a technical enabler for underdeveloped countries. Due to the high
penetration of mobile phones, SMS technology, and cheap prices for an SMS—
community networks are suitable to foster mobile social networks in underdeveloped
countries. Social networks based on simple technologies such as SMS rather than on
Google or other Internet-based services enables a “pricey, short response times, good
abandonment, and satisfactory” solution [62]. Thus services based on simple technol-
ogies become major technical enablers for underdeveloped countries and provide
Internet-alike services to create human-knowledge networks.

2.1.5 Sensor and signaling technologies

Within the scope of this article we will not focus further in depths on this technical enabler,
as it has been investigated in other literature already. We solely mention it for complete-
ness. However, we would like to state one explanatory research work to demonstrate
potential novelties. Measuring bio-signaling information and the sensory technology to
obtain these data signals is an enabling technology that extends existing solutions of sensor
and signaling technologies towards the description of human bio-signals. This has been
demonstrated in [10] and describes a system that allows the analysis of perceptual quality
via EEG bio-signal analysis in multimedia. The system can be utilized, e. g. in multimedia
to measure the Quality of Experience (QoE) of consumers enjoying the media content. The
whole range of capturing bio-signals can be seen as new field within the ambient media
community.

2.1.6 Emergence of new gadgets and specialized technologies

Currently there are a great many new gadgets and specialized technologies emerging
on the consumer market. The most prominent examples are tablet PCs, digital book
readers, and smartphones. Miniaturized and economical viable availability of this
hardware enables the emergence of many new ambient services (e.g. location based
services, personalized service offerings). The key is to foster the deployment of new
gadgets and consumer electronics.
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2.1.7 Ambient human sensory stimulating rendering hardware

Hardware that is stimulating human senses far beyond commonly known audio-visual stimulus.

2.1.8 Mobile internet (e.g. WiFi, 3G, 4G)

Within the scope of this article, we will not focus further in depths on this technical enabler,
as it has been investigated in other literature already. We solely mention it for completeness.

2.2 Media characteristics, and consumer experience

The definition of media characteristics and consumer experience requires a multidisciplinary
way of thinking. This is especially true in the case of ubiquitous computation, in which the
medium as such is embedded into living environments, other aspects coming from archi-
tecture, design, communication theory, consumer experience, and media theory. As the most
significant difference of ubiquitous media is the space where they flourish, we briefly
discuss this aspect. The following denominators where identified and are depicted in Fig. 3.

2.2.1 The daily environment as concept of space

The concept of environmental space became more significant over time. It tends to express
the use rate of resources that are unsustainable and inequitable. There is much greater
awareness today about environment and considering daily environment as a concept space
can progress consumer experience [42]. Also, if quantification of environment space is
practiced, the approximation can be sustainably exploded at the universal level.

2.2.2 Social experience as part of urban and daily living environments

A technology enabled social interaction can help to meet psychological needs for different
requirements like safety, belonging and love. Technology can enable a wider, faster and
frequent interaction which creates the digital social experience. Social involvement has been
a significant issue because individuals are tribal and need social connections [66]. Enormous
growth of social media is thus tapping the elementary anthropological needs. If encapsulated
within the urban and daily living environment, social experience will make a major impact
on improving consumer experiences.

2.2.3 Quantified user experience

User experience is made up of four independent elements: branding, usability, functionality
and content. Although these are seemingly intangible elements they can be quantified [27].
Quantifying the user experience can serve as a gateway for the business to expand and if
priced well the analysis can be a great tool to show new clients about the benefits of the
services of quantification of user experience.

2.2.4 Humans embedded inside media environments

The distance between processing of traditional media and processing of ambient media
embedded within the media environments might be larger if the media content is human.
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However, such an environment can offer a mode demanding context for users given that
the media environment requires more cognitive resources to be directed towards the task
[16].

2.2.5 Shape shifting existing media

The role of new media and social media in shifting the shape of the world is clearly evident
today. This shape shifting trope as used in the popular culture like television or internet will
lead towards the capability of transformation to completely change one’s view about existing
media [33].

2.2.6 Ambient interplay of media

Interaction between consumer and brand can improve satisfaction and service. The interplay
of ambient media can play a range of services on customer satisfaction measurement and can
improve the result over time to make decisions actionable and measureable [63].

2.3 Society, people, HCI, and interaction design

A more complex task was the identification of common denominators of ambient media
from a society, people, HCI, and interaction design perspective. The following common
denominators have been identified and are presented in Fig. 4.

Fig. 3 List of common denominators from the media characteristics, and consumer experience perspective
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2.3.1 Cultural and development differences

The culture of a country can provide certain rules or guidelines to the members of that country for
example children and their schooling structure. Different ways of looking at things, different ways
of expressing personality are some examples of how differences occur within different cultures.
Expansion also occurs differently in different cultures. In some culture time is seen as a limited
resource, which is being used up constantly. Alteration between people within any given nation or
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Fig. 4 List of main enabler from the society, HCI, people, and design perspective
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culture are definitely bigger than the differences between small groups. As we interrelate with
other individuals of different cultures there is no proper substitute for accessibility of interpersonal
feedback, good observation skills, and effective questions.Much can be gained by observing how
people of the same culture interact with each other and develop over time. See e.g. [6].

2.3.2 Improved human-centered design

Knowing the user of your design has been a key issue of human centered design [41]. We
cannot possibly create a better design for people without a deep knowledge of those people.
It is thus critical to understand the particular user of a product or service. Since human-
centered design has become a dominant theme in design it is automatically being accepted
by designers without too much thought. Sometimes it can be risky when things are treated as
given. The design can be improved for the focused group at the cost of making the same
design worse for others. The fundamental principles of user centered design therefore should
be followed and practiced to improve the human centered design, which sometimes can be
viewed as activity-centered design too. Thus practicing improved human centered design
will improve usability, will lead to less errors during usage, to better learnability and most of
all to a higher user satisfaction. For further reading see e.g. [30]

2.3.3 Social phenomena

Social phenomena can include many behaviors that influences or are influenced by humans.
For example love is a social phenomenon. HCI, interaction design, people and society are
closely related with each other therefore effects of social phenomenon are important in the
understanding of ambient media from society’s perspective. It is significant to understand
the goal of human existence and the future of this present world. Social phenomena like
equality, equity, social freedom, efficiency, security are the key examples of parameters that
need to be considered in ambient media development and discussion [55]. Subsequently
there is no perfect social system in the world and the main purpose of understanding this
phenomenon is to improve the everyday lifestyle of humans and different initial state of
affairs upon which social phenomena are rooted [55].

As an example to illustrate improved human-centered design we can name the development of
technologies that invite for interaction as discussed in [25]. One practical example is determining
the optimal navigation speed through content and content presentation [73]. The work focuses on
designs and performs an experiment to measure optimal scrolling speed rate for different activities
on user interfaces for interactive TV navigation. It has been discovered that the optimal navigation
speed depends mainly on the device and wherever simple text or graphics is used in the navigation
elements. For instance, with graphics, the optimal speed is 4.8 times slower than with text. Latest
architecture of IPTVand interactive TV solutions typically uses fat client approach rather than thin
client. These implementations cache the necessary meta-data in the background. Consequently, the
user interface can provide fast and responsive user interaction. With this architecture and highly
performing hardware, the task of scrolling, which involves a rapid movement through the
information space, can cause blurring or disorientation if it occurs too rapidly.

2.4 Methods, techniques, and algorithms

Besides technical enablers, many various methods, techniques, and algorithms are already
available from research laboratories. These are shown in Fig. 5, and as common denominator
we can identify the following categories.
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2.4.1 User-centered methods

These methods are based on user-centered design, which is a type of user interface design
and a process in which the needs, wants, and limitations of end users of a product are given
extensive attention at each stage of the design process [86]. Such testing is necessary as it is
often very difficult for the designers of a product to understand intuitively what a first-time
user of their design experiences and what each user’s learning curve may look like. The main
difference from other product design philosophies is that user-centered design tries to
optimize the product around how users can, want, or need to use the product rather than
forcing the users to change their behavior to accommodate the product [58].

The paper [21] argues that the difference between user-centered methods and human-
centered methods lies in the way in which technology is designed. It concludes that user-
centered methods are targeted at the closure of technology-centered problems, and human-
centered methods investigate suitable changes to a system of human activity supported by
technology. A human-centered design balances systemic inquiry methods with human-
centered implementation methods.

2.4.2 Technology-centered methods

These methods consist of the following steps: 1) technology oriented analysis, 2) prototype
implementation, 3) usability evaluation, and 4) the revision of design approaches and further
prototype development. In the technology-centered methods usability evaluation is used as a
way of examining the impact of technology prototypes. The main difference between the
technology-centered methods and user-centered methods is that the user-centered approach
consists of the following steps: 1) interviews with users, 2) contextual interviews, 3) acting
out in context, and 4) design workshop [37].

2.4.3 Domain-centered methods

Domain-centered methods take the domain as the focal point of analysis. As shown in the
example of indexing, which has to determine the subject matter of documents and express
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Fig. 5 List of main enabler from the methods & techniques perspective
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the subject matter in index terms, domain centered indexing starts with an analysis of the
domain and then moves on to analyze the needs of the users, determines the indexers
perspectives and roles, and lastly analyzes the document in the context of the domain and
the user’s needs. The assumption in the domain-centered approach is that the subject matter
and meaning of the documents can be determined only in the context of an understanding of
the domain. In other words, a domain and the users’ needs frame the meaning and subject
matter of documents through the users discourse in the domain [51]. It is, therefore, of
utmost importance that indexers understand the domain, the users’ roles and interests in the
domain, and critically analyze their own roles as indexers before a document is analyzed for
its subject matter [51].

As an example for methods and techniques, let us consider ambient assisted living as
discussed in [70] and researched within [72]. During the past decade concern for the elderly
as well as demographic and economic issues have encouraged research to find assistive
technologies for making the lives of elderly people easier and more independent. The aim of
the study above is to analyze different approaches and provide ambient assisted-living
services to allow the elderly to live safely at home [87] instead of having them to move to
nursing homes, which are overcrowded. Moreover, young generations would not be over-
whelmed by the need to care of these older adults. The research identifies which of the
studied approaches could best provide sustainable elderly care. The targeted health states,
activity recognitions and falls detection were suggested by a collaborating medical expert.
The following five health states were chosen: normal (healthy), hemiplegia (usually the
result of a stroke), Parkinson’s disease, pain in the leg and pain in the back.

This study above proposes two approaches for the development of intelligent and
ubiquitous care systems that are able to recognize some of the most common and important
health problems of the elderly. This recognition is based on the observation and analysis of
the characteristics of their movement. The first approach presented in the study uses
medically defined attributes and supports vector machine classification into the chosen five
health states [69]. The second approach makes a classification of the same five health states
using a more general data mining approach.

The movement of the user is captured with an infrared and an inertial motion-capture
system. The infrared system consists of tags attached to the body, the coordinates of
which are acquired by sensors located in the apartment. The inertial system consists only
of inertial sensors attached to the body. The output time series of the coordinates are
modeled with the proposed data-mining approaches in order to recognize the specific health
problem, activity or fall. In case a health problem or fall is recognized, the remote medical
center is notified.

2.5 Content, services, and applications and business value and stakeholders

The more content and service centered perspective led to the following denominators in the
context of ambient media. The specific items are illustrated in Figs. 6 and 7.

2.5.1 New possibilities to enrich content and interactivity

The application of new cutting edge technologies like active or passive push pull
notification, tagging, emotion detection, and response towards user’s mood create new
possibilities to enrich the content and interactivity [65]. These technologies allow
better designs, better products, and enhance daily life experience with the help of
advanced applications and services.
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2.5.2 Content formats and new ways of content creation

Mobile content, SMS and social media are already influencing our view on how contents are
being shaped and discarded. Mobile design tools and support from companies for content
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Fig. 6 List of main enabler from the content, services, and appliance perspective
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and provision development with the help of social media and mobile content can initiate
more novel ways of content creation and different new content formats (see e.g. [15, 31],
or [67]).

2.5.3 Adaption of content to people

The use of new content and new possibilities in content creation can enhance user
experience. Combined focused content designed for a specific group of people can also
increase the experience. New possibilities of expression are thus originated [79]. Adapted
content for people can be created with the help of enhanced experience and intended
content for people.

2.5.4 Change of the value chain

Business restricting is a complex process and needs different facet of the organization that is
involved in the whole process. A completing value chain management process that brings some
of the facts together as keys are application manufactures, industrial designers of the product,
interactive content producers and consumer product manufactures [35]. With proper arrange-
ment of these keys smoother maneuver and sustainable growth can be attained.

2.5.5 Consumer customized solutions

For many quick consumer testing is critical. Keeping the solution consumer centered is
therefore essential [36]. Practicing universal design to create products that the mass would
buy and thereby creating economically viable consumer solution can lead towards successful
consumer tailored solutions [57].

2.5.6 Change of product value & perception

A simple design is more efficient to use and products having such properties tend to act as
improved merchandise in the market. This can create better user experience and users would
love to spend more on buying the product [1]. A satisfied customer is the key of creating any
change in the value of a product. The use of M-commerce can help enlightening these factors
([1] and [12]). A successful product launch in market and the use of different tools to
promote the launch can initiate the perception of the product value and lead towards the
creation of a happy client.

2.5.7 Changed production processes

The production process is concerned with transforming a range of inputs into different
outputs that are required in the market. However, altering this process is crucial. Change of
production process can involve several practical approaches, easy inter-changeable content,
rapid exemplar and illustration to demonstrate meanings and increment of business value to
core business [54]. However, it is important to keep in mind that the use of different factors
can change the production process. However, easy controllability should still be present
while the change procedure will take place.

The business value can be best analyzed on the basis of an existing example such as
ambient assisted living beyond many others mentioned examples within the scope of this
article. The paper of [70] presents the system as an example of the semantic ambient media
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for ambient assisted living. The motivation for the paper is the fact that the percentage of
elderly people is increasing worldwide and this is particularly so in Europe [69], where the
elderly tend to lead an isolated life away from their children. As a result, they may fear not
being able to obtain help if they are injured or ill. Projections show that the percentage of the
population aged over 65 in the developed countries will rise from 7.5 % in 2009 to 16 % in
2050. In addition, the ratio of the working-age population (between 15 and 64 years) to the
population aged over 65 is predicted to decline from 4.3 to 2.3 [84]. Moreover, a study
reported in [9] predicts that the cost of funding old-age care paid by the families will more
than double in the next 13 years, far outstripping the taxpayers’ contributions.

3 Motivating forces, trends, and signals indicated by the common denominators

Within the scope of this section several common denominators were considered to identify
trends, forces, and signals how ambient media might be developing in the future.

A few of these trends are described in the following sections and illustrated in Table 1.

Table 1 Motivating forces and trends in the context of ambient media

Motivating forces, trends, and signals implicated by the common denominators

Aging population in developed countries

Need for economic viable services in under developed countries

Safe home living environments for people requiring special attention

Navigation techniques providing fast and easy access to large quantity of information

Decentralized storage of data

Metadata as key for ambient services

Dynamic data as new data model

Decentralized storage of data

Transition from traditional environments to new digital environments

Universal, general designs—services that are designed for all and the vast majority of people

Higher data reliability, frequency, and accuracy

Human centered, adapted, and personalized designs

Convergence of existing technologies, the digital overlay, and physical spaces

Quantification of user experience

More new gadgets and specialized tools involving sensor and signaling technologies

Social experience as part of urban and daily live environments

Shape shifting of existing media environments and spaces towards ambient interplay of media

Cultural development of ambient media in society, across nations, and development levels

Transformation of the notion of space towards modern life expectations in digital environments

Multidisciplinary approaches to design and understand ambient media services

New possibilities to interact, enrich, improve existing or new content formats

Adaptation of the content to people, their experience, and intentions

Change and tighter integration of the business value chain enabling new players

Increased use of bio-logical sensors, human signaling and advanced emotional computation

Economically feasible customized consumer solutions on the mass market

Change of production process through rapid prototyping, simple services, and happy consumers
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& Aging population in developed countries: There aremore andmore elderly people in the
developed countries and not enough younger people to take care of them. Attempts are
made to improve quality and safe living of elderly at their homes [70] as well as to provide
elderly users with easy-to-use personal health care systems that are facilitating and extend-
ing their independent living in their own private home environments [73].

& Navigation techniques providing fast and easy access to large quantity of informa-
tion: Navigation techniques provide an easy way for accessing large quantity of
information on a limited screen space. Scrolling is a fundamental technique for moving
in two dimensional continual spaces. The goal is the improvement of the usability of
horizontal and vertical navigation techniques in modern interactive TV navigation [24].

& Metadata as key for ambient services: The future of video and automatic metadata
creation will see further increases in automatic identification and labeling like facial
recognition, object recognition, and costs comparisons. Video analysis technology will
be further integrated with motion capture technologies like the Xbox Kinect that passes
criticism on athletic form and on more refined criticisms like body posture and poise for
business presentations [19].

& Dynamic data as new data model: As said above, metadata is generally speaking data
about data [76]. Metadata gathered dynamically from physical objects is growing
exponentially. Information that changes over time and is accessed on demand from
and object physical objects will open the door to an enormous amount of new knowledge
about ourselves and the way we live. Cell phones are a common source of dynamic data.
Triangulation and GPS information from cell phones can tell location information. Many
cell phones can nowadays also scan bar codes on objects in stores, such as food or books
as well as augmented reality (AR) quick response (QR) codes. The greatest impact on
culture from data and metadata will come from new types of objects that talk to us and to
each other generating dynamic metadata. Initially, the application and evaluation of new
sources of dynamic metadata will undoubtedly be lined to commercial applications. GPS
and RFID open up a culture for hybridization of physical objects and their access over
the Internet. Other very exciting devices that automatically capture metadata for media
from the users are the pressure-sensitive keyboard [14] of Microsoft. These keyboards
add keystroke-pressure as metadata to the produced text. With the Tone Check service1

one can check texts such as emails for its underlying emotional tone. It can be used to
judge, e.g. if a written text is appropriate to be sent as email. For further reading see
e.g. [19].

& Decentralized storage of data: Metadata will be more and more created and stored in a
decentralized fashion. From 2007 onwards we have been witnessing the emergence of
the Linked Open Data (LOD)2 movement [28], which aims at publishing and interlink-
ing metadata originating from different data sources and being of different quality on the
web. Linked Open Data builds open standards such as the Resource Description
Framework (RDF) and the eXtensible Markup Language (XML) of the W3C. Since
its advent in 2007 LOD has gained widespread popularity and is supported amongst
others by the Library of Congress (US), BBC, New York Times. In June 2011 the three
largest search engine providers Google, Yahoo! and Microsoft agreed on a common
vocabulary called Schema.org3 for embedded metadata into standard HTML web pages
in form of RDF or other Microformats. Linked data is also highly applied to represented

1 http://tonecheck.com/ (Last accessed: 10/18/2012)
2 http://linkeddata.org/ (Last accessed: 10/10/2012)
3 http://schema.org/ (Last accessed: 09/24/2012)
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dynamic data provided by sensors and sensing devices reading, e.g. the above mentioned
RFID or QR codes. The global sensor network (GSN) is a middleware for processing
such dynamic metadata provided by various kinds of sensors in ambient applications and
services [34]. One of the first media applications driven by a distributed storage
infrastructure is SemaPlorero [78]. It allows the interactive, faceted exploration of a
very large amount of semantic, social media data at large scale. The data is of different
origin and quality and it is queried in real-time and stored on a distributed storage
infrastructure that partially makes use of Amazon Cloud Computing. The overall goal of
SemaPlorer was to demonstrate the feasibility of providing efficient interaction with a
very large amount of decentralized linked data. It can be expected that the LOD
movement will continue and increase tremendously in the near future.

& Transition from traditional environments to new digital environments: Internet-enabled
Television (IPTV) exposes high potential for bringing individualized health monitoring into
the homes of the patients. The technology of IPTV is an excellent example for an ambient
media environment of the future. The ease of use and integration into the common
environment of the patients has been investigated e. g. in form of an IPTV-based application
for measuring the blood pressure and body weight using a regular TV remote control and
making it available for online inspection by medical doctors [73]. Taken measures are the
weight through a scale and blood pressure monitor connected through a net-top-box.
Interviews with the patients through the TVallow the medical doctors to collect information
about e. g. the emotional status of the patient. An evaluation with 15 people (three female
and twelve male) reach satisfactory results for typical health monitoring tasks like measuring
weight, heart rate, answering questions. This issue e.g. is addressed in [73].

& Universal, general designs—services that are designed for all and the vast majority
of people: The philosophy of information deals with the questions arising from the
intersection of the disciplines of computer science, information technology (IT), and the
metaphysical questions of philosophy [56]. The goal of universal design is then to
provide engineering solutions that will not focus on a specific user group or profession
but that develop ambient media systems that are applicable by all [56]. The principles of
universal design [81] are that the system’s design shall (i) not stigmatize any specific
target group (equitable use), (ii) provide a range of different preferences and abilities
(flexibility in use), (iii) be easy to understand independent of the user’s background
(intuitive use), (iv) effectively communicate the information (perceptive information),
(v) be robust regarding unintended use (error tolerant), (vi) be efficiently and comfort-
able in use without minimized fatigue effect (low effort), and be appropriate in its use
independent of the user’s physical conditions and context (size and space). As concluded
by [17, 56, 59], and [18] universal design might be used as potential guidelines for
developing games [57] and ambient media applications in general. To this end, the
design process for universal design should comprise support for users with disabilities,
be carried out by designers that are aware of such disabilities, including end users in the
design process right from the beginning, and allow individual adaptation of the developed
system [56]. However, universal and more general designs also manifest in other service
types such as health care [70]: Instead of proposing a specific approach for detecting a
limited set of health problems the paper states that general approaches can be used to
classify several types of activities or health problems with high classification accuracies.

& Higher data reliability, frequency, and accuracy: With the increase of sensor net-
works and deployed middleware architectures enabling the processing of sensor data in a
more flexible way (see, e. g., [2]), a trend towards a higher amount of real-time data,
higher data reliability, frequency, and accuracy is foreseen.
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& Human centered, adapted, and personalized designs: There is an increase in human-
centered services and human-centered content designs that adapt on many levels like
interactivity, human being enabled to higher capabilities, and technological capability.
One example for this trend is [24], where scrolling speed must be set up taking into
account diverse information such as the device on which the system is running, the
navigation elements and user experience. This aspect is relevant on many levels such as
the evaluation taking user information into account such as demographical data (e. g. the
amount of time user evaluation study participants spend on watching TV daily). Also,
obtaining statistical analysis from the actual evaluation results can increase the human
centered design perspective.

4 Base scenarios for the analysis of ambient media in the year 2020

We developed several scenarios serving as starting point for the investigation how
ambient media might develop until 2020. Figure 8 illustrates the relation of several
entities previously discussed. It also illustrates the links between technical enablers,
media content and services, as well as society, people, consumers, and human-computer
interaction. However, the main notion of ambient media is that they are part of the
media and living environments. Ambient media can be illustrated as a sub-set of media
in spaces as illustrated in Fig. 9.

Scenario 1: Ambient Assisted Living (AAL) in daily life

Examples: Identification of falls, automation or remaining of tasks to do

Short description: The Ambient Assisted Living Joint Program (AAL JP) [72] is a funding activity running
from 2008 to 2013 with the aim of enhancing the quality of life of elderly people and strengthening the
industrial base in Europe through the use of Information and Communication Technologies (ICT). There-
fore, the AAL JP is an activity that operates in the field of services and actions to enable the active ageing
among the population, for instance by providing home assistive technologies that help elderly people to
identify and treat their illnesses or falls, to automatically buy their medicines, or to automate or remaining
them tasks that should be done. The demographic change in Europe, mainly caused by a process of constant
and increasing ageing, implies challenges for the states’ finances, as it weighs on the pensions’ schemes and
on the health system, but it also translates into some interesting opportunities for the future. In fact, ageing
should be firstly seen as an opportunity to live longer and better after a working lifetime. Secondly, an
ageing society presents some interesting advantages on the social level, as older persons are a precious
richness in terms of experience, wisdom, and adaptability to societal changes.

Scenario 2: Shape shifting existing media

Examples: IPTV as a base platform, wallpaper screens, personalized street advertisements

Short description: Convergence of existing technologies, services of the digital overlay, and signaling data
will shape shifting existing media types. Based on IPTV platforms, the current developments of user
interfaces can provide fast and responsive user experience and can be easily integrated into the common
environment. The final tendency in shape shifting is to achieve seamless interfaces between humans, digital
information, and physical environments. The goal in the next decade will be to change the Graphical User
Interfaces (GUIs) from digital physical screens to tangible interfaces on any surface, taking advantage of the
richness of multi-modal human senses and skills developed through our lifetime of interaction with the
physical world [82]. This will be the base to achieve high advance ambient media applications such as
personalized street advertisements using any surface as screen such as building walls, bus stops glass
stations, or other augmented reality applications providing dynamic and on-the-fly additional information of
products. A prominent example are advertisements in shops where e. g. shopping videos show all the prices
based on personalized offers to consumers preferences. Another example is the change of rendering—
information is rendered throughout the natural environment via ‘non perceptible’ media as rendering device.
Thus the TV CRT (Cathode Ray Tube) screen in living rooms is replaced by LCD (liquid crystal display)
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and in the future eventually will become smart wallpaper screens. A wide range of examples have been
contributed to the Nokia Ubimedia MindTrek Award (see [4]). Also, in [53] further examples concerning
wearable interaction interfaces via gestures can be found and in [20] examples for advanced monitoring
modalities are explained.

Scenario 3: New concepts of collaboration, social experience, and social phenomena

Examples: Multi-person multi-modal interaction, smart collaborative work environments

Short description: Current and coming innovations in ambient technologies will enable interaction between
people and information in a myriad of ways, regardless of the used technology or the geographical locations.
This will eliminate the technological barriers that exist nowadays, for instance facilitating to share
documents or images among different technological devices [7] by just using gestures or wearable
interfaces. These new ways of interaction will create new conceptualization of space, collaboration, and
social experience. The aim in the future will be to develop new types of human communications,
entertainment and working environments that can increase support for remote presence and multi-person
multi-modal interaction. In these future interactions real and virtual worlds will be integrated for transmit-
ting not only sound, documents or images but also smells or textures [11]. On the down side, the evolution
of technologies for digital social interaction also creates an increasing dependability on social technologies
that may cause a decrease in the development of interpersonal skills since users get used to interact using
ambient media and not personally.

Scenario 4: Ambient media as enablement for user-centered systems

Examples: Automation of user tasks, user context, smart homes

Short description: Ambient media trigger a transformation towards more human centered designs in which
the users do not adapt to the media but the media adapt to the users [77]. Currently, the media is still
sometimes intrusive to the users, automating tasks without considering what users really want and what can
be really helpful for them. However, the advances of technologies, like context awareness [13] or Internet of
Things, are becoming systems more sensitive to users’ context, and the devices become smaller and smaller
and more and more connected and integrated into our environments. This will enable the vision of Ambient
Intelligence and Ubiquitous computing (see Section 2.1.2.) of supporting and facilitating users’ tasks in an
invisible way. On the other side, the surrounding and support of these ambient media environments will
make users change their daily behavior without being aware of it and will steadily, increase the user
dependability on technologies. For instance, current smart cars automatically switch on the headlights when
needed, so drivers do not have to do this anymore and might forget this when they use a normal car.

Scenario 5: Smart cities, buildings, and urban environments

Examples: Ecological and smart city transportation, energy-saving buildings

Short description: Because of the economic and technological changes caused by the globalization and the
integration process, cities face the challenge of combining competitiveness and sustainable urban
development simultaneously by becoming smart cities [80]. Figure 10 reflects the most important goals to
be achieved, such as smart energy and water management, sustainable mobility or improving healthcare
systems. Currently, the development of smart cities is based on intelligent infrastructure such as broadband
(Fiber To The Home) and smart grids, and other technology innovations such as water harvesting and re-use,
solar collection, and energy efficient appliances including heating and cooling. The most important
challenges that will be faced in the next decade include: environmental issues such as self-sufficient energy
buildings, energy exchanges for renewable energy and e-cars and delivery of e-health, e-education, e-
government services as well as digital media and internet services. The final purpose of smart cities is to
provoke a change in habits on all levels from the man in the street to our institutions and companies,
improving inhabitants’ quality of life and building green environments.
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5 Discussion - a vision for ambient media in the year 2020

Returning to the second question that was stated at the beginning of this article: How can
ambient media develop in the future based on the current state-of-the-art?. Figure 11
attempts to illustrate the answer to this question.

Do ambient media allow connecting the disconnected? They change the notion of places and
breach all physical barriers. They are amedium or window between places as current installations
show. An example is interactive screens transmitting video content between two remote places
and letting people interact over distance. It is the sense of being at the same place—worldwide,
over any distance. This way it is possible to interact with distanced people through ambient
media. The experience of ambient media relates to non-physical encounters e. g. via gesture
based input. The feeling for being at the same space could even be intensified through the
introduction of new technologies such as holography. Also, technology as such is ‘transferable’
between places. Through an augmentation of tools and bringing social media into the actual
physical space further barriers fall that distances people as e.g. location based mobile social
media. But connecting distances also relates to building up other barriers such as language
differences, exchange and interpretation of gestures, and eventually lets even cultural barriers
vanish via technologies such as instant language and gesture translations. Being at the same place
also relates to the distance of people located in a similar space. Persons not knowing each other
but being at the same physical space (e.g. a library) can get known to each other by services
enabling location sharing. It allows to connect people with same interests and to connect to the
local community in a fashion of instantly joining and leaving the (virtual) space. Nevertheless,
also places will increasingly compete with each other—as they provide digital services as part of
the place. A tendency for gamification of the space might lead to another potential direction
where ambient might be developing.

Ambient media will enable keeping, sharing, and exchanging knowledge of a place. This
relates to the physical and/or digital past of the place and its digital future. In the future, there
could be a digital window into the past—either the digital, or the physical past—of the place.
Through new technologies such as holography or other media appearances this feeling could
be even intensified. Thus, the ambient space becomes an active knowledge sharing alike a
living medium. Shorter learnability curves for humans that do not understand the cultural
context or its language can be guaranteed through instant translations or interpretations.

Ambient Media

Media and living 
environments

Fig. 9 Ambient Media as part of
media and living environments
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The convergence of space, communities, and the digital overlay have many implications.
Especially the notion of space is changing in the world of ambient media. A current example
is mobile phone applications where people can check-in into places and locations where they
currently are. Thus, mobile phones and any future mobile technology will act as technical
enabler for personal profile exchange and gathering of sensor information. This also enables
more advanced services such as community building by notifying a group of people who
actually are in the space. Another example is dating applications as location-based commu-
nities. Here the societal impact can be considered as high. But the space with all its digital
services becomes alive and actively interacts with the people accommodated in the space—
the space notifies who is there and checked into the space. Thus, the digital space allows the

Fig. 10 Smart Cities, Buildings, and Urban Environments (adapted from [32]). Ambient media enable new
social phenomena and trigger a transformation of more human centered designs. Smart cities can be identified
(and ranked) along six dimensions: smart economy, smart mobility, smart environment, smart people, smart
living, and smart governance [26]. These six dimensions are in line with traditional regional and neoclassical
theories of urban growth and development. In particular, the dimensions are based, respectively, on theories of
regional competitiveness, transport and ICT economics, natural resources, human and social capital, quality of
life, and participation of citizens in the governance of cities. Overall, a city is considered as smart when
investments in human and social capital and traditional (transport) and modern (ICT) communication
infrastructure fuel sustainable economic development and a high quality of life, with a wise management of
natural resources, through participatory development [23]
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creation of communities. A simple example is a conference networking tool, enabling attendees
to get known to each other. Also the scheduling of events that are taking place at a certain
location get eased via ambient media: they allow to schedule these events, inform about opening
hours, schedule opening hours, or even provide information about special events such as cocktail
hours and offers. Thus, the purpose of the visit of a place is multidimensional. It is not only
about the place it is also about its digital services, community building capabilities, and goals.
Ambient media assists in achieving the goals that a place can or should provide. The medium
merges with the physical architecture and bridges the physical and the temporal space as well.

Human embedded technology—also called biotechnology—in which the role of the
human body changes is another factor. The body becomes one with the technology. The
depth of the media experience will become more intense via bio-signals. More human
embedded technology means also more invasiveness of technology. There are two points
of views to this. The first one is on capturing human bio-signals and interpreting these. The
second one is on stimulating human senses via novel types of sensors. These possibilities
allow triggering new experiences and capturing human signals. The main question is where
this development will stop? The social and psychological barriers are high but this discussion
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already existed in the past when thinking about other technologies that got introduced e. g. in
health care. They were considered as making a human ‘inhuman’ and taking his soul. But today
as e. g. cardiac pacemaker show they are common practice in everyday medical life. This new
technology pushes the society forward. One thought is what happens if technology knowsmore
about our mind?What if ambient media knowwhat we are thinking before we are even aware of
it? This allows more self-reflection and awareness. Practical examples are sleeping habits and a
technology that might allow us to schedule our sleeping better. To further spin the thoughts let
us think of what happens with the perception of our non-human living creatures? What if we
can feel how plants feel? These new technologies might help to get a better understanding of our
nature and create a new awareness of the environment as e. g. plants or animals.

Ambient media also shade a darker future on the possible developments. Ambient media
might lead to a cognitive reliance that might increase our dependency on technology andmake us
functionally dependent on it. Interaction and communication between humans might lead to an
increase in mediated interaction, in which where technology replaces the natural interaction and
collaboration. We would communicate as we would communicate with robots. Thus ambient
media might result in us being disconnected from the real world. Or will ambient media allow us
to stay more intensively connected to the real world? This question will be decided in the future.

For sure ambient media will make systems more intelligent. Systems will become more
intuitive and enable to overcome barriers that started with the beginning of mankind: different
languages, body gestures, and cultural differences. Those differences can be overcome with the
use of smart technologies. Ambient technology will lead to a more opened communication and
implied structure of language. Thus, so many new possibilities for services and content exist,
especially focusing on overcoming cultural, behavioral, and language barriers. Ambient media
will lead to a high potential of new services as e. g. ambient news, an advancement of crowd or
social media based news services. Under the notion of access to content for everybody content
can be created in a reliable way and in a high quality. However, the future will show if there will
be free content and information in our everyday life or if business aspects hinder this. At which
costs will the content be available? Will social commerce be the price of ‘free’ content?

As a conclusion let us consider a metaphor. Ambient media are like a seed. Ambient media
technologies allow the emergence of many new ideas. Those ideas are the seed to start new
ambient projects, services, and applications. Each idea allows us to build a living organism—a
tree if we continue this metaphor—that nourishes by community activity. Each human part of the
service that connects physical and virtual places can be considered as a branch connected to the
trunk of the tree. The leaves are the number of services, connections, and new ideas that have
emerged from the one single seed planted. The tree grows through community activity, and
flourishes by the social interactions, connections, and ideas. Each new project that gets con-
ducted is a new branch. The tree could grow worldwide, while similar topics are connected to
this single idea. All trees and branches have different attributes and characteristics. Instead of
water the tree relies on live data to flourish and become older, and older, keeping a long history
and track record of its past activities. It is a digital living network of solutions, ideas, and
collaboration. To interact with the tree and become a branch, you would need to touch it e. g. via
its RFID tags that are represented via leaves. The tree has also colors, representing its relation to
the outside word—the seasons.More trees are combined to a forest, in which each tree represents
a different project idea and community. This way the trees can interact with each other. Every
single tree is a listener and develops its own future within this living environment. The age of the
tree and its size represents how the initial idea developed and evolved over the years.

By stating this metaphor, we would like to conclude the discussion how ambient media
might be evolving till 2020. We would like to leave it to the reader to think about his/her own
vision for ambient media, and solely stimulate the discussion.
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