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IntrODUctIOn

Humans use all kinds of information character-
izing their current situation, like time, location 
and identity of persons nearby, to adapt their 
behavior to the situation and to make decisions. 
For example, when we speak to a person, we adapt 
what we say and how we say it to the social rank of 
the person (e.g., most people would not say “that’s 
nonsense” to their boss, but would to a friend). 
All this information is not easily captured, repre-
sented and processed by a computer. However, this 
information can help to build more user-friendly 
applications that adapt and respond to the user’s 

current situation. If the computer were aware of 
the user’s context and its interpretation, it would 
be able to make decisions on behalf of the user, 
anticipating user needs like another human would. 
For example, it would be possible to provide the 
user only with information relevant to the current 
situation and thus reduce the cognitive load. This 
is especially necessary in the area of ubiquitous 
computing (UC), where the user has to deal with 
a multitude of different computers, and thus with 
a multitude of possible distractions. To enable all 
these devices disappear into background, they 
have to anticipate the user’s future demands and 
adapt to the user’s context to reduce the amount 
of interaction needed.

abstract

To support users in performing their tasks, applications need a better understanding of the current situ-
ation they are being used in. This chapter gives an overview of how knowledge of the current context, 
that is, information characterizing the situation, can be represented and how this knowledge can be 
used for enhancing applications. We discuss what is actually meant by “context” and “context-aware” 
applications. Further, we describe what has to be considered when building a context-aware applica-
tion. We thereby focus on the representation of context information and how to deal with its unreliable 
nature. This chapter should sensitize the reader to the difficulties of using context information and give 
guidelines on how to build an application that benefits from knowing its current context.
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Context Models and Context Awareness

The word “context” has its origins in the Latin 
word “contextus” meaning: “to weave together”, 
originally denoting the construction of a text. 
Nowadays, the term is loaded with a variety of dif-
ferent meanings. According to Merriam-Webster’s 
Collegiate Dictionary, context is defined as “the 
interrelated conditions in which something exists 
or occurs”. Even in computer science itself, context 
is used with a number of different meanings. For 
example, context in context-free or context-sensi-
tive grammars refers to the symbols that surround 
a placeholder and determine which strings can 
replace it. In contrast, “context” in the area of 
context-aware computing refers to any informa-
tion that can be used to enhance an application, 
especially the interaction with the user.

The term “context-aware computing” became 
popular in the middle of the 90s, when researchers 
started to develop applications that incorporated 
the current location of users. By then, location-
awareness was regarded as the most important 
subset of context-awareness. These applications 
used the location as auxiliary information to 
improve interaction with the user by adapting 
it to the user’s needs; thus context-awareness 
was more or less regarded as synonymous with 
adaptivity.

Adaptivity thereby comprises principally:

• Restricting the user interface to the relevant 
input possibilities and relevant data;

• Adapting dynamically to the user’s context 
how the information is presented and how it 
can be accessed, for example, use of audio 
output instead of visual output if the user 
is currently driving;

• Automating actions for the user, for example, 
prefilling data. 

However, there were also a growing number 
of applications, such as navigation systems, that 
did not regard location as auxiliary but rather 
as mandatory information. These applications 
require location information in order to provide 
their normal functionality and cannot operate 

without this information. As location-awareness 
was still regarded as a subset of context-awareness, 
the latter lost its connotation of using auxiliary 
information for enhancing the interaction. Thus, 
the term context became even more difficult to 
define as the discussion in the section “What is 
Context?” illustrates. 

Nowadays, context-aware applications go 
beyond using context for adapting the interac-
tion with the user. For example, they use it as an 
additional information source for facilitating the 
later retrieval of data. In the section “What are 
context-aware applications?”, we list the various 
features making an application context-aware. 
Further, we discuss the difficulties that have to be 
faced when using context. In the section “How to 
build a context-aware application”, we describe 
the design process for building a context-aware 
application and show how context information 
can be acquired, represented, accessed and man-
aged. A middleware can be used to support the 
developer in building the application. We describe 
the different layers of such a middleware in the 
section “Middleware Architectures”. As context 
information is highly dynamic and error-prone in 
comparison to traditional information sources, we 
have a closer look how to handle uncertainty in 
context-aware applications in the section “Dealing 
with uncertainty”.

What Is cOntext?

Which constituents of all this information sur-
rounding us can be used to improve an application 
and thus should be regard as context for this appli-
cation? Many researchers have given a definition 
for the concept of context, but none of them are 
really widely accepted. In this section, we give an 
overview of the most commonly used ones.

We illustrate the problem of defining context 
with an example application of a booking process 
for train tickets. In Figure 1, we list some infor-
mation that is available when using the booking 
application. Some of this information is mandatory 
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